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ABSTRACT

EFFECT OF STRUCTURING COOPERATIVE LEARNING BASED ON CONCEPTUAL
CHANGE APPROACH ON STUDENTS’ UNDERSTANDING OF THE C ONCEPTS OF
MIXTURES AND THEIR MOTIVATION

Belge Can, Hatice
Ph.D., Department of Secondary Science and Mathesratiucation
Supervisor: Assoc. Prof. Dr. Yezdan Boz

March 2013, 219 pages

The purpose of this study is to investigate theatfof structuring cooperative learning based on
conceptual change approach on grade nine studemdsrstanding the concepts of mixtures and their
motivation, compared to traditional instruction. Xtires Concept Test (MCT), self-efficacy for
learning and performance, task value, control @friang beliefs, and test anxiety sub-scales of
Motivated Strategies for Learning Questionnaire @% and mastery approach goals, mastery
avoidance goals, performance approach goals, anfdrp@nce avoidance goals dimensions of
Achievement Goal Questionnaire (AGQ) were assigoettie sampled students before treatments are
commenced as pretests and after treatments arelatechpas posttests. There were statistically
significant mean differences among the groups esqbés variations of cooperative learning based on
conceptual change and traditional instruction wébpect to students’ understanding the concepts of
mixtures and their motivation. Results drawn upateriviews verified results of percentages of
students’ correct responses on the post-MCT thaesits in the structured cooperative learning group
had fewer alternative conceptions about the cosceptmixtures as compared to students in the
unstructured cooperative learning group and corgroup. Specifically, results of the present study
revealed that students exposed to Cooperative lrepbased on Conceptual Change (CLCC) had
better understanding and lower alternative conoaptiabout the concepts of mixtures, perceived
contents related to chemistry more valuable, fedater control over their own learning, and adopted
mastery approach goals more than students instrigteCooperative Learning based on Conceptual
Change without Well-Structuring the Basics of Caagige Learning (CLCC(-)) and Traditional
Instruction (TI).

Keywords: Constructivism, Conceptual Change Appnpa€ooperative Learning, Mixtures,
Motivation
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KAVRAMSAL DE GiSiM YAKLA SIMINA DAYALI iSBIRLIKL i OGRENMEY i
YAPILANDIRMANIN © GRENCILERIN KARI SIM KAVRAMLARINI ANLAMALARI VE
MOT iVASYONU UZERINE ETKiSi

Belge Can, Hatice
Doktora, Orta@retim Fen ve Matematik Alanlariggimi Bolimi
Tez Yoneticisi: Dog. Dr. Yezdan Boz

Mart 2013, 219 sayfa

Bu calsmanin amacl, geleneksel anlatim yontemi ile kiyabfanda, kavramsal ggsim yaklagimina
dayali kbirlikli 6 grenmeyi yapilandirmanin dokuzuncu singréncilerinin kargim kavramlarini
anlamalari ve motivasyonu (izerine etkisini incelktineKarisimlar Kavram Testi (KKT), @enmede
Glidiisel Stratejiler Anketi'nin (OGSA)gtenme ve performans 6z-yeterlik inanclari, kimyaete
inanclari, @renme inanclari denetimi ve sinav kaygisi alt-digek ve Bagari Hedefi Anketi'nin
(BHA) 6grenme-yaklaim hedefleri, grenme-kacinma hedefleri, performans-yakta hedefleri ve
performans-kacinma hedefleri boyutlar drneklemdéutan @&rencilere cabma baglamadan 6nce
ontest olarak ve c¢alma tamamlandiktan sonra sontest olarakitdenistir. Ogrencilerin sontest
puanlari, kagim kavramlarini anlamalari ve motivasyonu bakimmdeavramsal désime dayali
isbirlikli 6 grenme uygulamalari ilegdetim yapilan gruplar ve geleneksel anlatim yontéendgretim
yapilan gruplar arasinda anlamli ortalama farkidaiugunu gosterngtir. Ogrencilerin sontest olarak
dagitilan KKT'ni dogru cevaplama yizdesinden elde edilen sonuclar, katitfadan elde edilen
sonuglari dgrulamaktadirSoyleki, yapilandirilmangiisbirlikli 6 grenme grubu ve kontrol grubundaki
ogrencilerle kiyaslanginda, yapilandirilmgiisbirlikli 6 grenme grubunda yer alargrénciler kargim
kavramlari ile ilgili daha az kavram yanilgisindigdir. Bu calsmadan elde edilen bulguldgpirlikli
Ogrenme Temellerininlyi Yapilandiriimadg Kavramsal Dgisime dayall isbirlikli O grenme
(KDIO(-)) ve Geleneksel Anlatim (GA) ilegietim goren @rencilere kiyasla, Kavramsal Bigime
dayal Isbirlikli O grenme (KOO) ile @sretim goren grencilerin kargim kavramlarini daha iyi
anladiklarini ve daha az kavram yanilgisina satpktarini, kimya ile ilgili iceriklerin daha deerli
olduguna inandiklarini, kendigbenmesi Uzerinde daha fazla denetimleri gicha inandiklarini ve
daha ¢ok grenme-yaklaim hedeflerine yoneldiklerini ortaya koystur.

Anahtar Kelimeler: Yapilandirmacilik, Kavramsalggm Yaklasimi, isbirlikli O grenme, Kagimlar,
Motivasyon
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CHAPTER 1

INTRODUCTION

The expanding role of science and technology oaytsdapidly changing world brings it compulsory
to make all citizens scientifically literate (Rutferd, 2001) who have “the capacity to use scientif
knowledge, to identify questions and to draw evidebased conclusions in order to understand and
help make decisions about the natural world andctienges made to it through human activity”
(OECD, 2003, p. 133). With these circumstances imdpithe essential function of science education
is to enable students to live with appropriate Iewé understanding and confidence within the world
of science and technology as human endeavors (OEBQIB). Instead of supplying science education
exclusively to the students who will be the scigtistof tomorrow, all students should have a chémce
experience science concepts and scientific prosessdeing citizens of the society. Following these
developments, both international and national refdocuments reported the essential goal of science
education as to educate scientifically literatedenis (American Association for the Advancement of
Science, 1989; Ministry of National Education, 2p04

Scientific literacy is not an unidimensional constrthat covers only learning of scientific coneept
(Osborne, 2007) but also includes beliefs abountitere of knowledge and learning, in other words
epistemology of science (Schommer, 1990). Studevite have sophisticated or constructivist
understanding of epistemology of science view e of knowledge as a set of complex constructs
and tentative, believe the importance of reasoramg creativity for the growth of scientific
knowledge, realize the role of social communicaifor the development of science, view scientific
concepts as constantly changing, and feel theectile of themselves during scientific knowledge
construction (Schommer, 1990). Developing studemtiefs about the epistemology of science is a
common goal of science education, accepted in\al ¢he world (American Association for the
Advancement of Science, 1989; Lederman, 1992; Minf Education, 2004; Osborne, 2007).

The requirements of the world of science and teldgyoand the resulting concerns, scientific litgrac
and epistemology of science, force national edanagystems to change comprehensively in such a
way to internalize constructivist approaches tarigey not only on philosophical enterprises and
educational policies but also on each of the elésneithe educational program which are objectives;
learning units or themes; instructional methodsatsgies, activities, materials; assessment and
evaluation circumstances. Besides educational $sslated with the program, institutions within the
educational settings such as teacher educatiorrtdegras of universities and schools and education-
related people like policy makers, administratéeschers, students, and families experience shift i
the view of learning and teaching.

Constructivism, the dominant learning approach dénent decades, is a broad term that roots in
philosophical stances of epistemology of sciencéchvhiesults in various usage of the term by
different authors. For providing a common undermditagy of constructivism therefore, it becomes
important to define in what aspects a research@i@mm constructivism like stating constructivism as
a pedagogic movement concerning with how studemtsteuct new knowledge in their minds during
learning (Bekta & Taber, 2009). Piaget (1950) viewed constructiviss a process under the view of
cognitive development in which students constrinirt own meaning of concepts by means of
assimilation and accommodation. According to thénd@n of constructivist view of learning, it is
especially important to analyze two features ofhich are, the active nature of learning procesd, a
the existing knowledge of learners (Driver & Oldhat®86). Opposite to empiricist view that
emphasizes exclusively the importance of the qtyanfiknowledge gained as a product of learning,
theories of learning based on constructivist iddadare that learning is a process in which stigdent
acquire knowledge actively and it is this procéed tearning takes place, or in other words noy onl
quantity but also quality of knowledge acquiredriscial for learning (Alexopoulou & Driver, 1996).
Correspondingly, students within constructivist ieomwment do not memorize scientific truths
arbitrarily rather employ conceptual learning byvdlving in various activities, working



collaboratively, negotiating with peers and thectea, attending lessons actively, and relating new
ideas with previous knowledge. Actually, one of thest important principle of constructivist view of
learning is that students’ existing ideas formhhsis for interpreting new knowledge. In other veprd
constructivist thought emphasizes meaningful leaymf scientific concepts that can be acquired
through forming links between new information antiatvlearners already have (Posner, Strike,
Hewson, & Gertzog, 1982). Ausubel (1968) stated ttiee most important single factor influencing
learning is what the learner already knows. Asaeittsis and teach him accordingly” (p.vi). To sum
up, students within constructivist oriented view at the center of learning through active expionat

of new knowledge by the guidance of the teacher fabiitates learning process by teaching in such
a manner to make information meaningful and relet@students (Slavin, 2009).

As a result of taking students’ previous ideas imasideration and giving them chance to build up
meaning of the scientific concepts in their own dsinconstructivist approach deals automatically
with issues in the case of absence or incompleteequisite knowledge, alternatively presence of
alternative conceptions. The concepts which arecoasistent with science communities’ points of
view are mentioned as “misconceptions” (Nakhleh92l9Wandersee, Mintzes, & Novak, 1994;
Schmidt, 1997), “preconceptions” (Ausubel, 1968thildren’s science” (Gilbert, Oshorne, &
Fensham, 1982; Osborne & Wittrock, 1983), or “aétive conceptions” (Driver & Easley, 1978;
Dykstra, Boyle, & Monarch, 1992; Taber, 2001), whiave similar meanings in nature whereas each
of which reflects researchers’ approach to edunatidsing the term misconceptions reflects
traditional view of learning, the term alternativanceptions, on the contrary, indicates an
internalization of constructivist view of learningTaber, 2000; 2001). Although alternative
conceptions are not get along well with scientistglanations, students often believe correctnéss o
their own conceptions which cause alternative cptiges to settle down and resistant to change
through traditional instruction (Driver & Easley978; Gilbert, Osborne, & Fensham, 1982; Tsali,
1999).

Hence most of the students view chemistry lessatiger challenging, various research studies have
been conducted to examine what causes chemistrg frerceived as such a difficult lesson (Bodner,
1991). Making necessary connections among macrascogub-microscopic, and symbolic
representations of chemistry concepts, the absaradtconceptual nature of the chemistry discipline
and its corresponding call for higher order thirgkskills, and inconsistency between terminologies o
chemistry classes and daily lives, are the mosthnpunced difficulty areas of chemistry lessons
(Sirhan, 2007). Learners’ conceptions regardingdiecept of mixtures, one of the most basic and
abstract chemistry concept, have been searchedydegprarious researchers within international
(Cosgrove & Osborne, 1981; Holding, 1987; FenshamFé&nsham, 1987; Prieto, Blanco, &
Rodriguez, 1989; Stavy, 1990; Johnson & Scott, 19ddraham, Grzybowski, Renner, & Marek,
1992; Abraham, Williamson, & Westbrook, 1994; Ebesre& Erickson, 1996; Blanco & Prieto,
1997; Sanger, 2000; Valanides, 2000a; 2000b; St&inBalanquer, 2007) and national contexts
(Calik, 2003; Pinara& Canpolat, 2003; Calik & Ayas, 2005a; 2005b; 200Uzuntiryaki & Geban,
2005; Pinarbg, Canpolat, Bayrakgeken, & Geban, 2006; Calik, $Ay@oll, Unal, & Cetu, 2007;
Costu, Ayas, Niaz, Unal, & Calik, 2007; PinashaSo6zbilir, & Canpolat, 2009; Tiiysiiz, 2009; Kalin
& Arikil, 2010).

As a result of realizing that students bring ideds science classes, it becomes imperative tdt elic
learners’ alternative conceptions before scienagruction to inform teaching or even after the
science instruction due to persistent nature efmdttive conceptions by the ways of traditional nsea
(Wandersee, Mintzes, & Novak, 1994; Taber, 200DweVer, identifying alternative conceptions is
not a sufficient solution to remedy their formati@vulford & Robinson, 2002), which results in
widespread research in science education literdturbventy years or more that suggest alternative
learning methods based on constructivist viewafring in order to prevent formation of alternativ
conceptions and to remove inhibiting effects ofnthen student achievement (Stavy, 1988; Hand &
Treagust, 1991). Conceptual change has long bephasized as one of the constructivist approaches
in science to overcome alternative conceptions @¢ew& Hewson, 1983; Hand & Treagust, 1991;
Treagust, Harrison, & Venville, 1998; Tsai, 2000)ough making learners experience conflicts with
noninstance examples of the concept under examimats a means of promoting their cognitive
structures (Posner et al., 1982). Conceptual chamygel has deep roots on the Piaget’s theory of



cognitive development which has influential impticas on the theory and practice of education.
According to Piaget, children adapt schemes, whigh patterns in the mind that direct behavior,
through the processes of assimilation and accomtiowdalhe former takes place when a new
knowledge could be handled by already existing sehehe latter, on the other hand, occurs if new
knowledge could not be explained by existing schexhdnow the world works which results in
adaptation of current scheme or development of ¢etely new scheme in cognitive structures. In
other words, students effort to return equilibmatisom the state of disequilibrium that is the
condition for learning to take place (Dykstra, 19%kavin, 2009). Posner and his colleagues (1982)
expanded Piaget's notions of assimilation and accodation and focused especially on the
accommodation phase which occurs when the intelégi plausible, and fruitful knowledge
contradicts with the existing knowledge structdreeories being reviewed can be applied into science
classes by organizing learning environment in ameamo provide learners interact with each other,
discuss different opinions, and manage cognitiveflts constructively for conceptual change to
take place (Dykstra, 1992).

Like Piaget, who proposed peer interaction as aaldé condition for conceptual change to happen,
Vygotsky (1978) deeply emphasized the role of caltcontexts on learning in the sociocultural
theory. According to Vygotsky, students learn knedge through assistance of others and after that
rigorous scaffolding students are encouraged tathdo professionalized work individually to let
knowledge to be internalized which shows learnabdlity to know without the aid of others. Student
learning is mediated by adults or more capablegpten by individual efforts, however there is a
condition to make it true-the learning tasks shofalil within the zone of proximal development
which is the “level of development immediately aba/person’s present level” (Slavin, 2009, p. 43).
In other words, a student can learn only concdps fall within zone of proximal development but
cannot acquire more complex one if that knowledgdéyond the capability of the learner even
studying with their peers. Based on the cognitiezedopmental perspective of Vygotsky, current
constructivist view of learning suggests extensise of cooperative learning as a pedagogical
practice to promote higher student outcomes (Cob@84; Slavin, 1996; 2009; Johnson & Johnson,
2002).

Deutsch (1949) differentiated three kinds of gdaligures, strategies that indicate the nature of
interaction among students and the teacher to risgctiesired outcome in the subject under attention
as cooperative, competitive, and individualistis ¢ted in Johnson, Maruyama, Johnson, Nelson, &
Skon, 1981). These goal structures separate fratm eher with regard to some aspects such as the
learning goal, the quantity and quality of interact and the way of assessing student learning.
Cooperative goal structure, for example, sugggsdications of cooperative learning which can be
defined as “the instructional use of small groupshat students work together to maximize their own
and each other’s learning” (Johnson & Johnson, 199%). Slavin (2009), furthermore, described
cooperative learning as “an instructional methodmnich students work together in small-mixed
ability groups to help each other learn” (p. 243doperative learning has been searched extensively
that results in numerous studies related to thectffof this innovative approach on students’
cognitive (Johnson & Johnson, 1999; Fall & WebbQ@0and non-cognitive outcomes (Johnson &
Johnson, 1989; Slavin, 1991; 1996) across variesspines from primary school through to high
school, and college levels (Johnson, Johnson, &rfeta2000; Slavin, 1996). Despite definite
benefits, however, it is well known that just plagistudents together and expecting them to work
cooperatively may not guarantee they did so (Jahr&aJohnson, 1999; 2009). In other words,
whether a group is to be a truly cooperative leaymjroup depends on how firmly it is structuredtth

is, the basic elements of cooperative learningngaie established or not. Johnson and Johnson (1999)
distinguished pseudo and traditional learning gsofuipm cooperative learning groups on the basis of
goal structures. More specifically, although pseadd traditional learning groups make use of small
group practices, neither pseudo-learning groupstnaaitional learning groups promote cooperation
among members, but intragroup competition and iddadistic work with talking, respectively.
Similarly, Gillies (2004) differentiates cooperaivgroups by manipulating the components of
cooperation and described the group as structuweperative group if basics are well-structured, and
unstructured cooperative group if components ofpeoative learning are not structured well, but on
ad hoc basis.



Johnson and Johnson (1999) described basic comigooieeffective cooperative learning as positive
interdependence, individual and group accountgbiiitce-to-face promotive interaction, social sill
and group processing. Positive interdependencents essential element of cooperative learning, is
the perception that each member’s contributionakiable for attaining a shared goal, or in other
words, a person cannot complete the assigned téblout contribution of others. When positive
interdependence among group members is well-stedfiuntellectual disagreements may emerge
which result in better mastery and retention oksai$ it is managed constructively. Individual and
group accountability is another element of a hgatthoperative learning that makes individuals to
learn the assigned material and to ensure thahathbers of the group are ready to get the highest
point from the quiz following team practice. Faoeféice promotive interaction is the most powerful
element of cooperative learning in terms of psyebwal adjustment (Johnson & Johnson, 1989).
Establishing promotive interaction enables memiemiscuss on the assigned task, share resources
and information, give feedback to each other, eragel and praise each other’s efforts to learn,
behave in trustworthy ways, and develop persongpad which in turn increases students’
motivation to work together (Sharan & Shaulov, 198¢hnson & Johnson, 1999). Besides academic
work, students are required to learn teamworksskillorder to be successful in cooperative learning
Students must know how to communicate effectivelgnage conflict constructively, listen to each
other, give and receive help, share leadershipermtseach other, share resources, and make
democratic decisions (Johnson & Johnson, 2009)inwitructured cooperative learning groups. In
fact, social skills are pre-requisite behaviors &ir other elements of cooperative learning. Group
processing is the last element of an effective eoajve learning which requires students to plan,
monitor, and evaluate efforts in order to faciktduture performance of the group (Johnson &
Johnson, 1994). In other words, group processinghes students’ perceptions of what happened
within the group (Johnson, Johnson, Stanne, & G#dib1990; Gillies, 2004). To sum up, any group
that lacks these basic elements cannot be labsledaperative learning group but can be a tradition
learning group which is characterized by Johnsah Johnson (1999) as a group in which students
work individually with little or no commitment toaeh other’'s learning and with neglected social
skills and group processing. According to Gilli€0@4), unstructured cooperative learning groups
have the same framework with what Johnson and &oh(k999) labeled as traditional learning
groups, and structured cooperative learning grologee the same discourse with that of truly
committed cooperative learning groups.

Several cooperative learning methods have beenajme and evaluated in recent decades (Slavin,
2009), some of them are suitable for specific gisoes and grade levels, like Team-Assisted
Instruction (Slavin, Madden, & Leavey, 1984) andoferative Integrated Reading and Composition
(Stevens, Madden, Slavin, & Farnish, 1987), andesofrthem are applicable to broader subjects and
grade levels, such as Student Teams-Achievementsi®ig (Slavin, 1995), Teams-Games-
Tournament (DeVries & Edwards, 1974), Jigsaw (AomsBlaney, Stephen, Sikes, & Snapp, 1978),
Learning Together (Johnson & Johnson, 1999), amlGinvestigation (Sharan & Sharan, 1992).
Student Teams-Achievement Divisions (STAD), fortamge, can be employed through following
regular cycle of five major components namely clpessentation, team study, individual quizzes,
individual improvement scores, and team recogni(®lavin, 1991; 2009). Being offered as one of
the greatest success of educational history (Slda¥86), the cooperative learning strategy has been
reported to have positive effects on various véemluch as student achievement, motivation tm)ear
and socialization among peers (Slavin, Madden, &vey, 1984; Johnson & Johnson, 1989; Slavin,
1990; 1996; Calderon, Hertz-Lazarowitz, & Slavi®98; Johnson & Johnson, 1999; Fall & Webb,
2000; Johnson, Johnson, & Stanne, 2000), whercinsmitted effectively (Slavin, 1996; Johnson &
Johnson, 1999).

Cooperative learning is an exceptional strategyctviféncourages conceptual change by providing
learning environments where students have a chantmke their internal speech public within small
groups that frequently results in facing with diyent viewpoints and experiencing intellectual
disagreement, the crucial occasion for studense#wch for more information (Webb, 1997; Johnson
& Johnson, 1999). The stimulating impact of intefiial disagreement becomes evident when positive
interdependence is firmly structured and studemts taught on how to resolve conflicts
constructively. When managed constructively, ietelial disagreement among members results in
frequent use of higher-order thinking skills, higheastery and retention (Johnson & Johnson, 1999),



and greater commitment to the task assigned topg{®ahfar, Mannix, Peterson, & Trochim, 2010),
which is not the case when students working alanecampetitive and individualistic learning
environments (Johnson & Johnson, 1999). Besidésrédated interactions, interpersonal interactions
take place within groups as a result of realizihg meaning of being together as a group that
increases enthusiasm for and motivation to groujtwim turn help students change their alternative
conceptions with scientifically accepted ones (fRih{ Marx, & Boyle, 1993). Based on the given
theoretical perspective, the purpose of this siadg investigate the effect of structuring coopiesa
learning accompanied with conceptual change approacgrade nine students’ understanding the
concepts of mixtures and their motivation.

1.1. The Main Problem and Sub-Problems
1.1.1.The Main Problem

What is the effect of structuring cooperative léagnbased on conceptual change approach (CLCC
and CLCC(-)) on grade nine students’ understantliegconcepts of mixtures and their motivation, as
compared to traditional instruction?

1.1.2.The Sub-Problems

1. Is there a statistically significant population medifference among the groups exposed
to variations of cooperative learning based on ephal change and traditional
instruction with respect to students’ understandiggconcepts of mixtures?

2. Is there a statistically significant population matdifference among the groups exposed
to variations of cooperative learning based on eph@l change and traditional
instruction with respect to students’ motivationelf&Efficacy for Learning and
Performance, Task Value, Control of Learning Bslidfest Anxiety, Mastery Approach
Goals, Mastery Avoidance Goals, Performance Apgrodgoals, Performance
Avoidance Goals)?

3. What are grade nine students’ conceptions aboutdheepts of mixtures?

1.2. The Hypotheses

The first and second research problems were tegirdthe subsequent hypotheses, stated in null
form:

1. There is no statistically significant population anedifference among the groups
exposed to variations of cooperative learning basedonceptual change and traditional
instruction with respect to students’ understandiregconcepts of mixtures.

2. There is no statistically significant population anedifference among the groups
exposed to variations of cooperative learning basedonceptual change and traditional
instruction with respect to students’ motivationelfsEfficacy for Learning and
Performance, Task Value, Control of Learning Bslidfest Anxiety, Mastery Approach
Goals, Mastery Avoidance Goals, Performance Apgrodgoals, Performance
Avoidance Goals).

1.3. Definition of Important Terms
The following definitions are provided for the poges of this study.

Constructivism: The basic premise of constructiistory of knowledge is that knowledge is
constructed in the mind of the learner (Bodner,6198 873).



Alternative Conceptions: Divergent student beliefgarding how the world works (Dykstra, Boyle, &
Monarch, 1992) which are potential barriers to enic learning (Hewson & Hewson, 1983) and
resistant to change through traditional instructioriver & Easley, 1978).

Conceptual Change: A popular approach in explainimgyv learners change their alternative
conceptions with that of scientifically correct snéhrough introducing disagreement with the
intelligible, plausible, and fruitful informatioPpsner et al., 1982).

Conceptual Understanding: The performance of stisdegarding the concepts of mixtures assessed
guantitatively by the Mixtures Concept Test, andlgatively by the semi-structured interviews, both
of which were developed by the researcher.

Traditional Instruction: An instruction favoring@rmonments based on rote learning where the teacher
explains scientific knowledge through lecturing aaeking factual questions mostly to successful
students without taking possible alternative cotioeg into account when individual students sikgntl
listen and take notes.

Cooperative Learning: An exceptional instructiostthtegy that enables students to work together in
small groups where members bound each other thromgimon group goal, joint reward, challenging
task, mutual identity, complementary role and reseJohnson and Johnson, 1999).

Structured Cooperative Learning Group: A learningug having the same framework with that of a
truly committed cooperative learning group whosenbers are aware of the importance of working
together to achieve group’s goal, are accountablaraindividual and as a group, promote each
other’s learning by giving help and encouragemegteive training in interpersonal and small group
skills necessary to complete tasks as a group,refieict on what happened in the group while
members work together (Johnson & Johnson, 1999).

Unstructured Cooperative Learning Group: A learrgngup having the same discourse with that of a
traditional learning group whose members appedr@perating with each other but working alone

with talking, are accountable solely as an indigideommitted to their own learning but not to each
other’s learning, are not taught teamwork skillsgd @o not assess members’ contribution to group
(Johnson & Johnson, 1999).

Student Teams-Achievement Divisions: A method gdmthon the motivational perspectives of
cooperative learning which attributes achievemeimtames to group goals or group rewards based on
individual learning of every group members (Slavifi96).

Motivation: Students’ beliefs about how valuablesitistry is, their efficacy to be successful in
chemistry, control over their own learning in chetrj and their anxiety in chemistry tests, measured
by the sub-scales of the Motivated Strategies &arhing Questionnaire (task value, self-efficaay fo
learning and performance, control of learning biglieest anxiety), which was developed by Pintrich,
Smith, Garéa and McKeachie (1991), and students’ purposesenfgbengaged in chemistry tasks
assessed by the sub-scales of the Achievement@gdtionnaire (mastery approach goals, mastery
avoidance goals, performance approach goals, peafuze avoidance goals), which was established
by Elliot and McGregor (2001).

1.4. Significance of the Study

Various research studies have been conducted omelsaalternative ideas on scientific concepts in
sevaral topics of the chemistry discipline (Cosgré&vOsborne, 1981; Haidar & Abraham, 1991; Tan
& Treagust, 1999; Niaz, 2002). Mixtures, one of thest basic and abstract topic of chemistry, covers
heterogeneous and homogeneous mixtures as physiocgiosition and atoms and/or molecules as
chemical composition. Therefore, the concepts oktunés provides basis for more advanced
chemistry concepts that handle both sub-microscepid macroscopic representations to explain
chemical phenomena like the structure of matteritsgroperties, and solution chemistry (Fensham
& Fensham, 1987; Ebenezer & Erickson, 1996). Beasite fundamental position in chemistry



programs, the position of it in real life situattomakes valuable contributions to the importance of
mixtures since the main goal of science educat®mroi educate scientifically literate students
(American Association for the Advancement of Scesrnt989; Ministry of Education, 2004) who are
able to transfer knowledge from classroom settingsreal life circumstances. Furthermore,
researchers prefer dealing only with students’ sdea some important aspects of homogeneous
mixtures, called solutions as well, such as theneabf solutions (Prieto, Blanco, & Rodriguez, 1989
Fensham & Fensham, 1987), types of solutions @atyrated, unsaturated, supersaturated, diluted,
concentrated solutions) (Pinagba& Canpolat, 2003; Calik, 2003; 2005), dissolutipnocess
(Abraham et al., 1992; Abraham et al., 1994; Ebené&zErickson, 1996; Calik, 2003; Uzuntiryaki &
Geban, 2005), and factors affecting solubility (et@mperature, pressure, stirring, surface area)
(Blanco & Prieto, 1997; Calik, 2003; 2005; Valarid2000a), but skipping various related concepts
out like heterogeneous mixtures and separation igfunes. There are a few studies related with
separation of mixtures that are conducted in irBonal (Valanides, 2000a; 2000b) and national
(Tuystiz, 2009) basis, however, it is one of the sub-topics of mixtures in grade nine chemistry
program. To sum up, the essential place of mixtuneshe chemistry program and in real life
situations, and the necessity to cover the conadptsixtures as a whole make it crucial to study on
the concepts of mixtures which is the first reagboonducting this study.

Related literature not only emphasizes the impegasf identifying alternative conceptions but also
implies the necessity of employing alternative rinstional methods and strategies to traditional
instruction for eliminating specified alternativenceptions and diminishing their inhibitive effects
future learning (Osborne, 1983; Stavy, 1988; Han@lr&agust, 1991). Cooperative learning is proved
to be as a beneficial teaching strategy that affettidents’ science achievement, motivation to
learning, and social relations among peers pogjtivben compared to traditional instruction (Cohen,
1994; Shachar & Sharan, 1994; Slavin, 1996; FaiW&bb, 2000; Johnson & Johnson, 2002; Gillies,
2003; 2004). However, the related literature pointsthat it is necessary to investigate the coomit
under what cooperative learning has positive effect such diverse student outcomes (Slavin, 1996;
Johnson, Johnson, & Stanne, 2000; Gillies, 200d)ingpect the necessary conditions, it is important
to differentiate cooperative learning groups frotheo types of learning groups through structuring
cooperative work, explicitly (Johnson & Johnson999Gillies, 2003; 2004). Johnson and Johnson
(1999) stated that performance of learning grouggedds on the way cooperation is structured, shat i
whether or not the basics of cooperation are vatlildished. Gillies (2004) differentiates coopemati
groups by manipulating the components of cooperatiod described the group as structured
cooperative learning group if basics are well-dtrited, and unstructured cooperative learning group
if components of cooperative learning are not stmaxl well, but on ad hoc basis. Johnson & Johnson
(1999), on the other hand, defined learning groapspseudo-learning group, traditional learning
group, and cooperative learning group with regardjdal structures. In particular, the structure of
pseudo and traditional learning groups do not erag® cooperation with group members, but
competition among members and individualistic waiikh talking, respectively. Besides examining
potential effects of structuring learning groupg.(unstructured and structured cooperative legrnin
groups), combining cooperative learning with cotiaapchange approach is hoped to make this study
more valuable. Actually, both conceptual changer@ggh and cooperative learning strategy proved
their effectiveness in their own rights, whereas $trength of applying cooperative learning on the
basis of conceptual change conditions is assumée tverwhelming since “the greater the positive
interdependence within a learning group, the grethie likelihood of intellectual disagreement and
conflict among group members” (Johnson & Johns®991 p. 87). As members share divergent
thoughts on a subject matter within groups, thegdently experience cognitive conflicts that cause
every members to search for more information tdeaghthe specific goal as a group. The necessity
of structuring cooperative efforts in order forhave a healthy cooperative learning group and the
potential of using combination of cooperative |léagnand conceptual change approach are hoped to
enrich this study which forms the second reasqgmedforming this study.

There are many research studies related with tliectefof cooperative learning on science
achievement and motivation of students includimgraye of grade levels from primary to high and to
college levels. The rationale of selecting the saty of this study from grade nine students is
threefold; first of all, students select subjectdplists at grade ten in Turkish context and athe
students do not prefer dealing with scientific cgpts in their future lives. As a result, ninth grasd



crucial for supplying adequate scientific infornoatito survive without science education for the
following times, that is grade nine is the consiiel level for the main goal of science education
which is to educate scientifically literate studerecond reason of working with grade nine stident
is the positive effects of cooperative learning diminishing problems related with the period of
adolescents. Adolescents cope with the problenthisfdevelopmental stage by the means of peer
collaboration since most of them feel that peeescdoser to them as compared to teachers, or even
family members. Research studies reported that ezatipn among peers results in better social
communication, higher achievement, and enhancéeselem (Rutherford, Mathur, & Quinn, 1998).
The last reason of preferring grade nine studentgelated to the content of mixtures in ninth grade
chemistry program. The chemistry program is spinahature in Turkish context, that is students
encounter similar contents at different grade keacording to gradual complexity levels. Students
are exposed to the concepts of mixtures at grageifiorelatively easy form, at grade seven in more
complex form, and at grade nine in the most congmsive form. As a result, grade nine is the
appropriate level that serves the purpose of cogetie concepts of mixtures as a whole. To sum up,
being at the core of the main goal of science eitutaincluding students who might experience
several problems regarding the period of adolescamid involving the most comprehensive content
related to the concepts of mixtures make grade sigeificant level to be studied which constitutes
the third reason of conducting this study.

As noted in the second reason of conducting thiglyst cooperative learning is a beneficial
instructional strategy not only for achievementngabut also for motivational outcomes (Slavin,
1996; Dornyei, 1997; Johnson & Johnson, 1999stafa 2009). Researchers described how
cooperative learning motivates students on theshsieward or goal structures. While Slavin (1996)
stated that students are motivated to learn aswtref rewarding groups based on the individual
learning of every group members, Johnson and Joh(E209) assumed that it is not rewards, but
“working together and joint aspirations to achievsignificant goal” (p. 188), that motivates studen
to help each other’'s mastering the task and pyjaiseefforts. Dornyei (1997), further describedvho
students are motivated by cooperative learningvetgions by applying group cohesiveness, which is
proposed to be promoted by positive interdependandethe small group style. When descriptions of
above researchers are analyzed thoroughly, itgsiple to attribute motivation gains to the basits
cooperative learning, as in the case of achievergaims. Whereas there are numerous studies
reporting that cooperative learning has positiiea$ on students’ motivation, there are inadequate
amounts of research study investigating particyltré effect of structuring cooperative learning on
specific motivational constructs. Among scarce aede studies, Johnson and Johnson (1994)
suggested that students’ motivation for learning arorking as a group and their sense of self-
efficacy for learning and performance are to beaechd by assessing students’ behaviors while they
were working in groups and giving simultaneous bk to make them know how they have
processed. Therefore, it is crucial to conductxgreemental study examining conditions under which
students’ adaptive (e.g. self-efficacy, task vakemtrol of learning beliefs, mastery approach gjpal
and maladaptive motivational beliefs (test anxigtgrformance avoidance goals) are promoted. In
addition to the necessity of structuring coopematdfforts, it is important to analyze the effect of
motivational beliefs on the conceptual change pec@nce goals, values, self-efficacy, and control
beliefs were proposed as the mediators of concephazange by Pintrich et al. (1993). They claimed
that students approach scientific concepts throagbpting mastery goals and developing higher
levels of self-efficacy when tasks are optimallyldénging, open-ended and related closely with real
life circumstances; instructional strategies depkedvily on vigorous interaction between students
and the teacher; learning contexts favor studeatgonsibility on their own learning; and evaluatio
procedures promote cooperative goal structure adstef competitive and individualistic goal
structures. Correspondingly, this study combinespeoative learning with conceptual change
approach to investigate its effect on student’-effitacy for learning and performance, task value,
control of learning beliefs, test anxiety, and askiment goals. The necessity of structuring
cooperative efforts to develop students’ adaptiv@ivational beliefs and the mediating effects of
certain motivational beliefs on students’ underdiag the scientific concepts are hoped to enlighten
the related literature, which is the last reasamdesting this study.



CHAPTER 2

REVIEW OF RELEVANT LITERATURE

Behavioral theory of learning, which had greatuefice on education during the century of early 20,
deals primarily with observable and measurable Wiers without taking internal mental structures
present within the mind of learners into accoungh®viorists describe learning as an observable
process through which learners give responsesinuilstby the means of experiences they acquire
within the environment that is responsible for depgenent and learning (Wodsworth, 1996). Viewing
environment as the unique distinctive of learniag be interpreted as treating students as passive
receptors of absolute reality of the world and eas, on the contrary, as the authority responsifsle
learning by well-organized direct instruction. Ither words, behaviorist view of learning assumes
that “knowledge can be transferred intact from thied of the teacher to the mind of the learner”
(Bodner, 1986, p. 873). The roles assigned to &rarand teachers encourage rote learning in which
the knowledge to be learned is arbitrarily emposed learners’ knowledge structure (Ausubel,
Novak, & Hanesian, as cited in Bodner, 1986) amdi¢arners who learn by rote are unsuccessful to
remember that knowledge which mostly results ina&d learning, that is, being unable to transfer
knowledge into different contexts like other lessanr real life conditions (Novak, 2002). In brief,
behaviorists’ points of view on how learning occunsiture of knowledge, roles of students and
teachers during learning and, the way studentsoagprto learning reflect traditional aspects of
learning, and education in a broader sense. Tha gul of traditional science education is to make
students to acquire every bits of scientific knage implanted through teachers who are the experts
of knowledge under discussion. To sum up, behalvideav of learning views quantity of knowledge
gained as a product of learning which emphasizesriportance of the content based programs on
learning. However, educating students exclusivelycaver all of the contents within the science
programs without considering their cognitive stuwes does not satisfy the needs of today’s world of
science and technology which results in a “paradiggrshift from behavioristic to cognitivistic view

of learning” (Carter-Cohn, 1993, p. 5).

Cognitive theory of learning mainly concerned vtitle effects of stimuli on internal mental structure
of learners through which response to that stinsugjenerated. Cognitive perspective views learning
as a reflection of mental processes that makesidemrmentally and physically active during
knowledge acquisition (Wodsworth, 1996). Active staction of knowledge in the mind of the
learner enables students to take responsibilityhfeir own learning by the active guidance of tesish
and even peers. Moving students to the center arfnieg instead of teachers and educational
programs can be interpreted as learners have pmiowledge on which new knowledge is
constructed. Making necessary connections betwebat whe learner already knows and the
knowledge to be learned promotes meaningful legr(ivovak, 2002) that makes knowledge to gain
functionality not only in the classroom but alscatie real life conditions. However, the extent abp
knowledge may be limited or not in conformity wibientifically accepted views and such a situation
may prevent knowledge construction or results imiated meanings of that knowledge (Chandran,
Treagust, & Tobin, 1987; Novak, 2002) which ardezhilternative conceptions (Dykstra, Boyle, &
Monarch, 1992; Taber, 2001) and resistant to chémgeigh traditional instruction (Driver & Easley,
1978; Wandersee, Mintzes, & Novak, 1994). Brieflggnitive view of learning does not primarily
deal with what is taught and how much is gainedfbciises mainly on how knowledge is constructed
by the learner and the quality of knowledge gaiasd product of learning that is in accordance with
the essential goal of contemporary science educatioch is to educate scientifically literate statie
(American Association for the Advancement of Scerk989; Ministry of National Education, 2004).
Since cognitive theory of learning has given riseconstructivist view of learning (Carter-Cohn,
1993), one can extend the notion as; the aim @&nsei education can be achieved through putting
constructivist ideas into practice.

Constructivist approach encourages science edgcaboassist learners by the means of various
instructional approaches and strategies which amropriate to students’ developmental stages,
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interests, needs, and the extent of their priomkedge. Conceptual change, which is an instructiona
approach to dispel alternative conceptions anditi@ei meaningful learning, is consistent with the
constructivist theory of learning (Posner et aP82). Research studies point that strategies that
promotes conceptual change are effective in elitimgascientifically incorrect conceptions (Niaz,
2002). Among strategies used in conceptual chaogeperative learning is an efficient way of
making students experience cognitive conflict tigitomegotiating with peers and the teacher which in
turn helps learners to change their existing scheitie the scientifically correct concept and result
in higher understanding and thinking skills (Cohd894; Hogan, Nastasi, & Pressley, 1999) if
learning groups are well-structured as to be tndgperative learning groups (Johnson & Johnson,
1999; 2009). Based on this ground, the purposaisfstudy is to investigate the effect of structgri
cooperative learning based on conceptual chang®agp on grade nine students’ understanding the
concepts of mixtures and their motivation.

The review of literature is organized in a manmecomprehend concepts related to the underlying
theoretical perspective, deductively. Literaturei@& commences with constructivism as a learning
theory under the cognitive view of learning andpgaeds with alternative conceptions in the
chemistry as one of the disciplines of scienceiantie mixtures as one of the most abstract coscept
of chemistry, continues with conceptual change @@ghn and cooperative learning as the instructional
strategies based on constructivist approach amis, with concerns related to motivation.

2.1. Constructivist Theory of Learning

It is universally accepted that possessing futldisknowledge present within the science programs
almost impossible to achieve. Fortunately, thism@¢ the condition to be a scientifically literate
person. Contemporary science education aims toadelstudents who have the capacity to apply their
knowledge in school and other related contextsv With appropriate levels of understanding and
confidence in present and future lives (OECD, 20@&her than students who arbitrarily place all
sorts of knowledge into the knowledge structurehwitt comprehending the meaning of that
knowledge. In order to be able to transfer a sifierknowledge in contexts of relevance, students
have to understand meaning and connect necess&y With related concepts. In other words,
students have to internalize scientific knowledgebe able to apply that knowledge into related
contexts. Actually, constructivism can be a cureeiioabling students to transfer knowledge sinc® it
based on the assumption that “knowledge is cortstiuia the mind of the learner” (Bodner, 1986, p.
873). This single statement has a power to summacanstructivist theory of learning by
emphasizing several important features of it wtdohl knowledge construction takes place within the
mind of the learner and learners are active pagitis of learning process. In addition to knowledge
construction process and the roles of learnersein bwn learning, constructivist theory of leagin
focuses on the nature of knowledge and the rolésawthers as well. All of the specified features of
constructivist theory of learning are reportedha following paragraphs.

According to the epistemological perspective of starctivism, it is a theory of knowledge that
focuses on the nature of knowledge and knowledgeisition (Duit, 1996; Novak, 2002). Traditional
theories of knowledge are based on the realisbpbidhy of science and constructivist theories of
knowledge, on the other side, internalized the sdafarelativist philosophy of science. Realists and
relativists disagree on “the extent to which therldras knowable” (Bodner, Klobuchar, & Geelan,
2001, p. 6). Realists believe that humans havedrm their minds when they come into the world and
the function of science education is to revealt;gsmental structures related to the external evorl
through replicating directed experiments. Relatipsint of view, on the other hand, embraces
existence of real world and reality but queries tivhethat reality is observable truly or not (Bodne
Klobuchar, & Geelan, 2001). In other words, cordixist theory views reality as unknown and
knowledge as tentative and emphasizes that thertemgopoint is not whether true knowledge is
accessible or not but knowledge works or not (Bodh®86). Learners make inferences on the basis
of their prior knowledge, beliefs, and values tredult in various explanations for the same concept
More specifically, social interactions and cultunailieu influence learners’ construction of meaning
in their minds. Of course, some scientific knowledaye factual and require solely remembering
whereas, the others which can be labeled as “ukafiwledge” are relative and necessitate meaning
making (Bodner, Klobuchar, & Geelan, 2001).
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Up to here, information related to the nature obwledge was manifested. Then, it is the time to
discuss the knowledge construction aspect of coctstism. Students in constructivist learning
environment acquire knowledge through making cotioes between the knowledge to be learned
and the existing knowledge structure. In other wprgarning is viewed as a process in which
mentally active learners construct their own megriy arousing existing structures, that is, in a
meaningful way. Two conditions are necessary foammggful learning to occur namely “the quantity
and quality of relevant knowledge possessed byléhener” and “the degree of her/his effort to
integrate new knowledge with existing relevant khemlge” (Novak, 2002, p. 552). Moreover,
Ausubel (1968) claimed that “the most importangkérfactor influencing learning is what the learner
already knows” (p.vi). It is obvious that faulty anintended prior knowledge of learners has great
influence on their future learning because in tizete, the recent knowledge cannot be constructed on
the existing one and correspondingly, the exiskingwledge cannot be reconstructed. In order to be
able to understand profoundly how learners conskmiowledge in their minds-personally or socially-
discussing on Piaget's and Vygotsky's views of dthgm development seems to be appropriate for
the scope of the dissertation.

Piaget (1950) claimed that all children experietieesame mental sequences as they grow up but the
pace of development is not the same which is abkriinfluenced mostly by environment rather than
heredity. In other words, individuals’ cognitivesttures become more sophisticated naturally as the
develop but the pace of development may be diffdi@rnindividuals who are at the same age, which
means that there are individual differences amdrilgiren. In the theory of intellectual development,
Piaget (1950) believed that students construct kedge through adjusting existing schemes by
assimilation or accommodation, that is, throughphecess of adaptation. Assimilation occurs when
the meaning of new knowledge can be constructemidgns of the existing scheme. Accommodation,
however, takes place if the new knowledge cannaXpdained in terms of the present scheme which
creates disequilibrium in the mind of learners. Bmduch an imbalance between new and old
knowledge, learners effort to turn back to equilibr which is the process described by Piaget as
equilibration. Actually, learners carry out accontation to be able to get rid of situations thatseau
conflict in their cognitive structures and it iggiprocess that is responsible for learning. Le@rne
change their existing scheme through developingraptetely new scheme or repairing the existing
one which is the view of learning from the conceptchange perspective. Based on the ideas of
Piaget (1950), the following inferences can be mddarners construct meaning by themselves
through processing cognitive structures, situatitiveg originate conflict in students’ mind can be
handled as valuable chances for directing studentearch for valid explanations of the scientific
phenomena, and environments where students negoetigth peers and the teacher help students
construct a meaningful explanation for the knowketigbe learned.

In contrast to Piaget, Vygotsky (1978) suggesteat ttevelopment requires self-regulation of the
meaning instead of self-construction. In other wgordhildren can be thought as developed after
internalizing knowledge acquired from others withire cultural settings where they grow up and
become able to apply that knowledge without the @fidbothers, become self-regulated in brief.
Vygotsky (1978) believed that learning has socitgal nature which means that children may grasp
the meaning of a knowledge more by negotiatingatlaborating with more capable peers or adults
than by doing alone which is the belief correspotmighe famous notion of zone of proximal
development. Zone of proximal development is “tistathce between the actual developmental level
as determined by independent problem solving aadetel of potential development as determined
through problem solving under adult guidance or cimilaboration with more capable peers”
(Vygotsky, 1978, p. 86). In other words, zone obxpmal development indicates the extent of
capacity of a learner that has its maximum valughyviding socially mediated environments and
minimum value by working individually. Socially miaded environments can be explained with
regard to Vygotsky's other key opinion which isféolaling. A person provides scaffolding to another
person by giving a great deal of support at theirmdigg of learning and lowering the amount of
support in a manner to let that person apply whdearned individually (Vygotsky, 1978). Then,
socially mediated environment can be defined asieg environments where learners are supported
vigorously at the beginning of the learning procbkgsmore capable peers or adults, then a gradual
decrease in the amount of assistance takes pladefirally learners do the professionalized work
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individually. Obviously, Vygotsky’'s ideas encourdtpe use of cooperative learning strategy in which
students learn together within their zone of praisevelopment, and apply learned knowledge alone
(Slavin, 2009). The sociocultural theory of Vygotgk978) can be interpreted as follows; individuals
differ in their zone of proximal development becawsvery individual has different quantity and
quality of prior knowledge which is a personal @weristic; zone of proximal development is an
indicator of learners’ learning capacity which cges between the highest value that can be achieved
through cooperative learning arrangements, peerimgf and reciprocal teaching, and the lowest value
that can be revealed by working alone and direxthing; and the knowledge which requires capacity
above a learner’s zone of proximal development ctiha learned even studying with their peers.

The roles or responsibilities of learners withie ttonstructivist theory of learning can be deduced
through departing from the notion of Bodner (198#ijich stated that “knowledge is constructed in
the mind of the learner” (p. 873). Since studemnésrasponsible for construction of meaning, they ar
the active participants of their own learning. Aetiinvolvement does not mean studying a lot in a
manner to learn all sorts of knowledge by memoidnabut trying to form meaningful associations
between new knowledge and what has already beewrkrtesting whether new knowledge can be
explained by present knowledge structure, modifyorgcompletely changing present cognitive
structure to be satisfied and, restructuring theammegy upon new scheme (Huba & Freed, 2000).
Meanwhile, it is obvious that learners’ presentrnitige structures behave as the starting point for
meaningful learning to occur, that is, the situatioecessitates taking students to the center of
learning. Since students have different rangesiof gnowledge at the start of the learning procéss

is almost impossible to expect them learn in thmesavay and in the same amount which makes
constructivism an indispensable approach to legraimd teaching as it suggests to use instructional
strategies which permit students’ active contribmutduring the process of learning (Huba & Freed,
2000).

Emphasizing active involvement of students wittiait learning process by referring to their exigtin
cognitive structures, interests and, needs, cartstist theory does not ascribe the meaning oftieac
as not an important participant. Constructivismwigroposes an innovation by describing the role of
teachers as “from someone who teaches to someondaettitates learning” and the way of teaching
as “from teaching by imposition to teaching by rteg@n” (Bodner, Klobuchar, & Geelan, 2001, p.
6). In order to be able to facilitate learning,cfe@rs have to behave with regard to “where theestisd
are rather than where the teacher would like theivet or where the curriculum suggests they should
be” (Taber, 2001, p. 46) which is the statementitidicates internalization of student centralitiyem
planning teaching activities and deciding on thstrinctional strategies to be applied. Research
findings suggested that meaningful learning resnltsetter understanding of the scientific knowledg
(Cavallo, 1996) and the corresponding researchegudvestigated what causes meaningful learning
to happen. Novak (2002) reported two conditionsnfi@aningful learning to occur by taking learner
characteristics into account which are the degrfekearners’ effort to learn meaningfully and the
extent of prior knowledge learners have. The forwem be promoted by encouraging learners to
adopt constructivist views about the nature of kieolye and knowing (Lederman, 1992; Tsai, 1996)
and by inciting teachers to arrange learning emvitents in a manner to give students opportunities t
reconstruct their existing cognitive structuresflet their opinions, participate in self and peer
assessment activities, learn to respect other’'ssideontribute to democratic decision making
activities, negotiate with the teacher relatedhe activities they embedded in, all of which can be
achieved by collaborative working (Trigwell & Press1991; Valanides & Angeli, 2005). The second
condition suggested by Novak (2002) for meaninggatning to take place is the extent of learners’
prior knowledge which promotes students’ subseglearning if it is scientifically correct in nature
whereas inhibits learning when it is in the formadfernative conception with which scientifically
accepted conception is not congruent (Hewson & ldew$983; Chandran, Treagust, & Tobin, 1987;
Uzuntiryaki & Geban, 2005). Since learners’ priopokledge has influential effect on their successive
learning, identification and remediation of themenhit is scientifically incorrect are crucial for
enabling higher understanding of scientific consefithere are various instructional strategies that
facilitate understanding of scientific knowledge bsing conceptual change approach (Niaz, 2002)
which requires reconceptualization of existing &lean this ground, this study aims to investighte t
effect of structuring cooperative learning based acamceptual change approach on grade nine
students’ understanding the concepts of mixturesthair motivation. It seems logical to discuss the
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nature of alternative conceptions and introduce twidlaas students bring to chemistry classes
considering mixtures before getting through congapthange approach as a cure for removing
alternative conceptions.

2.2. Alternative Conceptions

Opposite to the idea of handling science as “ontplection of laws, a catalog of unrelated facts”,
constructivist theory views science as “a creatbthe human mind, with its freely invented ideas
and concepts” (Kuhn, as cited in Bodner, 1986, §¥)8In other words, useful knowledge can be
acquired through constructing meaning among ineed ideas which are formed in terms of
human’s perceptions or interpretations of how tloeldvworks. It is well established that individuals
generate conceptions before entering classroonh@masis of their everyday experiences and these
preconceptions vary both in quantity and qualityed®nceptions promote future learning if they are
scientifically correct and adequate in amount, wherthey have inhibiting effects on future learning
when they are far from explanations of scientificrenunities (Hewson & Hewson, 1983; Chandran,
Treagust, & Tobin, 1987). Realizing potential effeof prior conceptions on the way students
interpret the world, an extensive body of resedraf been conducted concerning science education
(Driver & Easley, 1978; Wandersee, Mintzes, & NavdR94; Taber, 2000), which reported that
students may have different beliefs about how tbddwvorks than those of scientists. The concepts
which are not consistent with science communitgEshts of view are mentioned with various names
such as “misconceptions” (Nakhleh, 1992; Wanders&iafzes, & Novak, 1994; Schmidt, 1997),
“preconceptions” (Ausubel, 1968), “children’s saieh (Gilbert, Osborne, & Fensham, 1982;
Osborne & Wittrock, 1983), or “alternative conceps” (Driver & Easley, 1978; Dykstra, Boyle, &
Monarch, 1992; Taber, 2001) which have similar nmegsin nature whereas each of which reflects
researcher’'s approach to education. Using the terigtonceptions reflects traditional view of
learning, the term alternative conceptions, on twntrary, indicates an internalization of
constructivist view of learning (Taber, 2000; 200Epr the purpose of this dissertation, the term
“alternative conceptions” will be used in the follmg parts.

Scientifically incorrect conceptions are constrdchy learners as scientifically correct ones which
results in having such powerful beliefs about tleerectness of those alternative conceptions that
prevent future knowledge construction (Novak, 20023orrect conceptions hold strictly by students
should be eliminated to be able to understand sfieconcepts meaningfully. Correspondingly,
considerable body of research has focused on samemon features and possible sources of
alternative conceptions in science education tookentheir inhibiting effects on learning sincesta
general rule that people should investigate thecssuor reasons of any problem to be able to solve
whatever the problem is. Wandersee, Mintzes andakdt994), for instance, claimed that “the
alternative conceptions that learners bring to fdrseience instruction cut across age, ability,dgen
and cultural boundaries” (p. 185). Researchers qweg that students have more alternative
conceptions as they grow up as a result of cunauaif prior knowledge they possess (Duit, 1996),
which is one of the most influential source of aiaive conceptions (Haidar & Abraham, 1991;
Abraham et al., 1994). In fact, not only students &lso pre-service teachers, teachers, and even
university professors (Goodwin, 1995; ValanidesQ@f 2000b; Calik, Ayas, & Coll, 2007) hold
conceptions far from the ideas accepted by scieap@munities which cause formation of alternative
conceptions by students in turn. Under such cir¢antes, teachers cannot identify and eliminate
alternative conceptions students have, and evesrtid their own alternative conceptions to students
during instruction, that is, instructors may be theo source of alternative conceptions (Ebenezer &
Erickson, 1996; Valanides, 2000a; Taber, 2001). tAmo well known feature of alternative
conceptions was reported as they are resistaitaioge through traditional science instruction (Briv

& Easley, 1978). Taber (2001) stated that studexetg have alternative conceptions not only at the
beginning of a topic but also after the instructisrtompleted which can be interpreted as it isamot
easy task to remove alternative conceptions stadeave unless the new knowledge is fruitful,
plausible, and intelligible. Furthermore, studdmfieve in their own conceptions’ accuracy if tiey

not face with the adverse examples that creatdicoif students’ cognitive structure (Posner ef al
1982). In other words, students should experienseqdilibrium and then try to attain equilibrium
again which is the condition that is in harmonyhatihe purposes of instructional strategies fadilita
conceptual change. Students realize that theiropesptions are not adequate when explaining a
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scientific concept, and only after then they magrae their schemes. Otherwise, they believe tleat th
knowledge they gained by interacting with the eowiment is accurate to construct valid meanings of
the new knowledge which can be counted as anothecs of alternative conceptions (Prieto, Blanco,
& Rodriguez, 1989). Actually, students should hdwveth everyday and scientific knowledge
structures because alternative conceptions arextotépendent (Ebenezer & Gaskell, 1995). To sum
up, alternative conceptions may be originated fretadents’ personal experiences (e.g. prior
knowledge, everyday language), interaction withegheironment (e.g. peers, family, siblings, media),
the nature of the discipline to be learned (e.g.ahstract nature of chemistry), and instructors. (e
instructional strategies and tools, terminologyafWersee, Mintzes, & Novak, 1994).

Research studies in science education deal as agelvith how to elicit learners’ alternative
conceptions which can virtually be studied aftersteeng the concerns of features and sources of
alternative conceptions. Alternative conceptions loa identified within three different seasonstaf t
learning process according to the purpose of asmsgsnamely, before instruction to diagnose
readiness of students and plan instruction accglgimuring instruction to be aware of whether the
method and strategies put into practice are effectand after instruction to evaluate resistance of
alternative conceptions. No matter when they asess®ed, identifying alternative conceptions is
crucial for realizing the way how students and eteacthers think about the topic under investigation
(Taber, 2001). Learners’ alternative conceptions lsa diagnosed by the use of various instruments
such as interviews, concept maps, various formgaper and pencil tests (e.g. multiple-choice tests,
two-tier tests, essay type examinations), word @ason tests, drawings (e.g. Ebenezer & Erickson,
1996; Valanides, 2000a; 2000b; Uzuntiryaki & Geb2@05; Pinarlbya, Canpolat, Bayrakceken and
Geban, 2006; Gtu, Ayas, Niaz, Unal, & Calik, 2007), or combinatiof these means which give
more valid and reliable results (Schmidt, 1997)viObsly, there are many ways to identify learners’
alternative conceptions among which teachers sholutthse the most appropriate tool according to
time and professionalism occasions, and to ther@atd discipline. Conducting interviews, for
example, require considerable time relative to paa pencil tests and preparing multiple-choice
tests, on the other hand, demand more expertisentbed association tests.

Since chemistry is perceived as one of the modtertging science lesson by most of the students,
various researchers view it crucial to investigateat makes chemistry such a difficult lesson
(Bodner, 1991; Ebenezer, 1992; De Jong & Taber7R®&irhan (2007) reviewed research studies that
have addressed the reasons causing chemistry ¢essd® perceived as hard to learn, and gathered
areas of difficulty under five main categories: raaulum content, overload of students’ working
memory space, language and communication, congeptafion, and motivation. The underlying
causes that form these main fields of concern eassummarized as follows:

e The meaningful interaction among macroscopic, sidrascopic and symbolic
representations of chemistry concepts.

» The abstract and conceptual nature of chemistrgequs, that necessitates students to
possess higher order thinking skills.

» The inconvenience between the sequence of cheroistigepts and needs, interests, and
abilities of students.

» The overload of chemistry programs that result @dimg students accountable from
every pieces of knowledge including rather triviaemistry concepts.

* The inconsistencies between terminologies usetiémistry classes and daily lives.

e The spiral nature of chemistry programs bring albeatning future chemistry concepts
impossible when the basic concepts have not besterea by students well enough.

» The sense of learned helplessness.

2.2.1.Research on Alternative Conceptions in Mixtures

The review of literature detected that studentsehaliernative conceptions on various chemistry
concepts involving the particulate nature of mafiovick & Nussbaum, 1978; Haidar & Abraham,
1991; Griffiths & Preston, 1992; Harrison & Treagu2003), chemical equilibrium (Hackling &
Garnett, 1985; Hameed, Hackling, & Garnett, 199@xes (Stavy, 1988; Benson, Wittrock, & Baur,
1993; Niaz, 2002), chemical bonding (Tan & Treaga®99; Coll & Treagust, 2003; Uzuntiryaki,
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2003), acids and bases (Hand & Treagust, 1991; Degiu, Ayas, & Demirciglu, 2005), and
mixtures (Cosgrove & Osborne, 1981; Holding, 198&nsham & Fensham, 1987; Prieto, Blanco, &
Rodriguez, 1989; Stavy, 1990; Johnson & Scott, 1#&kaham et al., 1992; Abraham et al., 1994;
Ebenezer & Erickson, 1996; Blanco & Prieto, 199anger, 2000; Valanides, 2000a; 2000b; Mulford
& Robhinson, 2002; Calik, 2003; Pinagb& Canpolat, 2003; Kabapinar, Leach, & Scott, 2004lik

& Ayas, 2005a; 2005b; 2005c; Uzuntiryaki & Geba0032; Pinarbg, Canpolat, Bayrakceken, &
Geban, 2006; Stains & Talanquer, 2007; Calik, A@ul|, Unal, & Catu, 2007; Cstu, Ayas, Niaz,
Unal, & Calik, 2007; Pinarlga S6zbilir, & Canpolat, 2009; Tilysiiz, 2009; KafirArikil, 2010).

Mixtures, one of the most abstract and basic canaieghemistry, requires certain skills that enable
think on sub-microscopic level which is not an etesk since students should comprehend concepts
on the particulate dimension (e.g. atoms, molegulesd to think on macroscopic level which
demands making necessary connections between ldailgnd chemistry classes. It is obvious that
individuals, who comprehend the concepts of miduneell, feel themselves comfortable in their
everyday lives because they are able to understdrad is happening around them rather easily.
Additionally, it is remarkable that the relatecetiture prefers dealing exclusively with the soluti
aspect of mixtures but omits other significant patich as heterogeneous mixtures and separation of
mixtures. Accordingly, it is hoped to take litensuthat focuses on alternative conceptions in
chemistry forward by investigating what conceptidearners bring to chemistry classes within the
concept of mixtures as a whole. The following paaphs report on various research studies
investigating students’ conceptions about the cptsc®f mixtures and presenting corresponding
alternative conceptions students hold related taures.

Abraham, Grzybowski, Renner and Marek (1992) exanhigighth grade students’ understandings
and misunderstandings regarding the dissolutiorcge® Apart from conceptual understanding,
researchers were interested in analyzing correlgtibetween students’ reasoning ability and
chemistry scores taken from a conceptual test uinglopen-ended questions. Results of the study
were viewed as inconclusive by researchers sinee vidist majority of students had several

misconceptions due to the intellectual level they ia, that is, most of the students were concrete
operational, whereas dissolution concepts demanualooperational students. As a result of this

conclusion, Abraham, Williamson and Westbrook ()9&hewed the study with high school and

introductory college chemistry students, who weéreught as formal operational student. Abraham
and his colleagues (1994) identified several miseptions considering how sugar dissolves in water,
such as “sugar undergoes a phase change, meliaporates”, “sugar changes chemically into a new
substance”, “sugar breaks down into ions or elegigfgugar particles floated or sank to the bottom

of the beaker instead of evenly mixing”, and “wasdasorbed the sugar similar to the action of a
sponge” (p. 160). Solute disappears when dissolutdies place was the additional misconception
detected by Abraham et al. (1992). These miscoimepindicate that most of the students consider
dissolution process as melting that solute turris liquid or evaporates, and instead of thinking

interaction between the particles of solute andiesdl they try to explain dissolution process by

introducing some physical properties of solute .(dgnsity). Noted misconceptions are suited well
with the misconceptions established by Abrahant. e1992) and Prieto et al., (1989).

Like Abraham et al., (1992), Prieto, Blanco and Rpeez (1989) investigated the ideas of elementary
students about the nature of mixtures and the psoggdissolution. The study compared the thoughts
of 319 Spanish students attending different graslel$ of elementary schools by assigning a
conceptual test consisting of open-ended itemsdiadiings. Researchers concluded that students
have various misunderstandings regarding solutiand how dissolution occurs, which were
especially evident for those who were sixth ancealv graders. Everyday experiences were found as
the strongest source of misconceptions, for ingasalute vanishes during dissolution, dissoluion
same with melting, and a new substance emergeasdi$solution. In addition, researchers observed
that students generally tend to view that solvestdrather passive role as compared to solute has.

Similar to Prieto et al., (1989), Blanco and Pri€1®97) conducted a cross-age study to examine
secondary school students’ thoughts about the itapzfcstirring and temperature on dissolution of

salt in water. Students were asked for drawings explanations to the behaviors of salt-water

solution under three different conditions: jusivieg the solution for a while, stirring the solutiand
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then leaving it to stand, and adding salt to haiewand then leaving the solution alone. Reseascher
witnessed misconceptions of students regardingntpacts of these two external factors on the salt-
water system. For example, most of the studenteveethat the amount of dissolved salt increases as
a result of the stirring process and salt dissoiv@ster is hot, otherwise it precipitates. Thessd
misconception appeared in the study is in accotl thie study of Cosgrove and Osborne (1981).

In their phenomenography on students’ conceptionsotubility, Ebenezer and Erickson (1996)
conducted clinical interviews with 13 eleventh grastudents regarding three chemical systems:
sugar/water (system A), water/alcohol/paint thinfsssstem B), and salt/water (system C). As a result
of interviews, the researchers identified six catexs of description, which were physical
transformation from solid to liquid, chemical tréorsnation of solute, density of solute, amount of
space available in solution, properties of solate] size of solute particles. After determiningsthe
categories, the researchers calculated frequeragfiegsponses with regard to the systems and
categories. In other words, the researchers desdl@ptable indicating frequency distribution of
conceptions across the systems A, B, and C. Fangbea the first two categories of description (i.e.
physical transformation from solid to liquid andeahical transformation of solute) were encountered
mostly in systems A and C, which can be interpretedstudents tend to confuse dissolution and
melting when the solute is solid (sugar or salfjereas they do not experience some trouble if the
solute is liquid and it forms a heterogeneous métflike system B). Other alternative conceptions
that were situated under categories of descripti@are consistent with the findings of other
researchers (Cosgrove & Osborne, 1981; Fenshamn&haen, 1987; Prieto et al., 1989; Abraham et
al., 1992; Abraham et al., 1994), such as:

e “The solute (sugar or salt) melts and become ligquhién it is added to water” (p. 187)

* ‘“Liquid-solution state and a true liquid state halve same meaning” (p. 187)

* “A new substance forms when sugar is added to witat is, sugary water” (p. 190)

e “Sugar occupies air spaces in water” (p. 190)

e “Water is a solution that hydrogen is the solvemd axygen is the solute since there is
greater quantity of hydrogen within the structufevater” (p. 191)

* “Solubility depends on the density of solute” (81}

» “Substances do not dissolve because they do natsfirfficient space in the dissolving
medium” (p. 192)

» “The size of the solute particles must be smallugiofor dissolution to take place” (p.
193)

e “For a substance to dissolve in another substatiwe,solute must possess certain
properties” (p. 194)

Valanides (2000a) dealt with conceptions of primstrydent teachers (PST) regarding dissolution of a
solid (sugar or salt) and a liquid (alcohol) in eratand the behaviors of respective solutions ley th
effects of filtering or heating. Like Ebenezer dfritkson (1996), one-to-one clinical interviews aer
conducted with 20 female PST of different backgdsim science, which revealed diverse alternative
frameworks PST have related to the solution coscédite researcher concluded that vast majority of
the PST have only perceptual understanding of dréicpilate nature of matter and the distinction
between physical and chemical changes, and thegriexge troubles with attributing macroscopic
changes (e.g. volume, density) to microscopic evénly. arrangement and movement of molecules).
When PST were asked what happens after some ambsalid (salt or sugar) is added to water, for
instance, some students believed that solid sinthéobottom and remain there since the solid is
heavier than water. The thought of solids to besdethan water cause many of the PST to claim that
salt dissolved in water is not a homogeneous neéxsimce it involves different density phases that t
bottom is the most dense part and the top is @& lense layer. Moreover, those students explained
disappearance of solid after stirring the solutisnan effect of stirring and they further believieat
when one does not stir it, solid reappears agaihfloposes the idea of viewing dissolution process
as instant and reversible, which is consistent with findings of Blanco and Prieto (1997). Unlike
most of the other studies, Valanides (2000a) ingattd PST's thoughts related to what would
happen when salt-water or sugar-water solutionsewdtered, which contributes to the related
literature since there were a few studies intedesteseparation of mixtures. Interestingly, some
students viewed filtering as a general method pasating all kinds of solids from liquids. In other
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words, some of the students expressed that “iftihation is filtered, sugar (or salt) will remain the
filter paper” (p. 253). Some other students clairtted filtering can be used to separate sugar frem
solution if the size of the grains are smaller andsible enough that can be achieved throughimsgjrr
the solution. Accordingly, “the bigger ones wouthtain on the filter paper and the filterable liquid
would be less sweat (or salty)” (p. 253). Regardivegsituation where a liquid (alcohol) is mixedtwi
water, many PST proposed that the solution wouldlire layers that can be seen easily, that is, they
insisted that the mixture of alcohol-water is aehejeneous mixture. Additionally, the researcher
established that students stated different reagoegplain the phenomenon of reduction in volume
when alcohol is mixed with water, such as the reasby volume of the solution is due to “a
chemical change”, “water and alcohol vapours esta@and “some drops of the liquid remain in the
other cylinder” (p. 256). This comprehensive stimgught out many more alternative frameworks
that are in compliance with several researcherigt(Pet al., 1989; Abraham et al., 1992; Abraham et
al., 1994; Ebenezer & Erickson, 1996), such as:

e “Salt or sugar would melt when added to water"2p2)

e “The solvent is a rather passive component” (p.)253

» “Solid turns to liquid after dissolution” (p. 253)

» “An entirely different substance is formed (i.eltgavater or sugary water) during the
process of dissolution” (p. 253)

* “The volume of the solution would increase as mastihe volume of the added solute”
(p. 254)

* “Molecules of solids do not move” (p. 254)

» “Alcohol would lose its flammability after mixing ith water” (p. 256)

e “Sugar or salt evaporates when their solution wittter is heated” (p. 258)

e “Airis not a mixture” (p. 258)

In another study, Valanides (2000b) examined theceptions of PST of different backgrounds in
science through conducting one-to-one interviewsilar to the study of Valanides (2000a). Unlike
the previous study, however, Valanides (2000b) $eduon the process and effects of distillation on
various water solutions (e.g. tap water, salt goyttea, coke), which is actually a generic comcep
(i.e. distillation) cutting across chemistry, plogsiand biology. This study is particularly valuadue

to its supplementation to the literature of sep@mnaof mixtures, an omitted aspect of mixtures
concepts by most of the researchers. The findifigseostudy indicated that students tend to explain
the properties of molecules by thinking the prapsertof substances (i.e. the macroscopic
representation), that conclusion was found latetMafford and Robinson (2002). The researcher
presented various alternative frameworks PST havedserting students’ inadequate explanations
about the concepts closely related to distillatilke the particulate nature of matter, evaporation
boiling point, and condensation. For example, sttglevho cannot distinguish between evaporation
and boiling, predict correctly the content of vapdren water vaporizes, and describe how the process
of dissolving takes place, were viewed as foreigradrthe idea of distillation. When students were
asked to compare the properties of distillate \hih properties of tap water at the same temperature
many PST believed that “the distillate has exatttly same density as tap water” or “the distillads h
smaller density, because the distance of the migleauwould be bigger after distillation” (p. 3590 T
sum up, PST tend to express the color, taste, amditg of distillate with overgeneralizing the
properties of the liquid used for distillation.

Uzuntiryaki and Geban (2005) compared the effe€tsomceptual change texts accompanied with
concept mapping instruction and traditional indtiarc on eighth grade students’ understanding of
solution concepts. Solution Concept Test, a 20-itanitiple choice test, has been developed by
researchers through placing common misconceptiegarding solution concepts as the distractors,
which were reported by various research studiesstatdd by science teachers. As a result of 4-week
intervention, students who have been instructeddmgeptual change texts accompanied with concept
mapping instruction (experimental group) learned Heientific explanations of solution concepts
better than control group students who have beaghtahrough traditional instruction. For instance,
when students were asked what happens when a amaiint of salt is added to water, most of the
control group students answered as “salt occupiespacies in water”, “salt is absorbed by water”,
and “a new chemical species is formed” (p. 331he®tommon misconceptions stated by researchers
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were consistent with the findings of other researshPrieto et al., 1989; Abraham et al., 1992;
Abraham et al., 1994; Ebenezer & Erickson, 1998aNdes, 2000a ), such as:

e “Solid salt is converted into liquid salt when addo water” (p. 326)

e “Salt evaporates when mixed with water” (p. 326)

* “A new substance forms as a result of dissolutign”326)

* “The solution stays the same when it is cooled’33R)

*  “The water emits salt when the solution is coolgu"332)

* “A homogeneous mixture is obtained after cooling’332)

» “Sugar breaks into ions when added to water” (12)33

e “Sugar molecules do not retain their identity wineixed with water” (p. 332)

e “Sugar solution conducts electricity” (p. 332)

e “Airis not a solution” (p. 332)

e “A salt-water solution boils at a constant tempemgit (p. 332)

e “The weight of the sugar-water solution was eittperater or less than the total weight of
sugar and water” (p. 332)

*  “The volume of the sugar-water solution was grettan or same with the total volume
of sugar and water” (p. 332)

Like Uzuntiryaki and Geban (2005), Pinash&anpolat, Bayrakceken and Geban (2006) invdstiga
whether the conceptual change instruction basedextis results in better acquisition of concepts
related to the nature of dissolution and propeniesolutions, as compared to traditional instrati
Unlike Uzuntiryaki and Geban (2005), the samplethaf study involved 87 undergraduate students
attending an introductory chemistry course. AlthHougsults indicated positive and significant effect
of text-based conceptual change instruction on estigd comprehension of solution concepts,
researchers noted that there were alternative ptinos even after instruction that were valid
especially for students who have been instructedittonally. The most widespread alternative
conceptions were as follows:

*  “Asolution containing undissolved solute is a sepéurated solution” (p. 315)

* “The volume of solution equals the sum of the vaduwh solute and solvent” (p. 328)
» “Solute particles have no motion” (p. 328)

e “Dissolved particles in a solution lose weight avh no weight” (p. 328)

The alternative conceptions, which were made sitlaigvard by Pinarba et al., (2006), were in
harmony with the findings of Mulford and Robinsa?002), Uzuntiryaki and Geban (2005), and
Pinarbal and Canpolat (2003). Pinagband Canpolat (2003), for instance, examined wgrdduate
students’ ideas about the microscopic representaifounsaturated, saturated, and supersaturated
solutions. Researchers concluded that participasinglents believe that undissolved solute is a
component of solution and supersaturated soluttmméain undissolved solute at the bottom of the
beaker.

In a cross-age study, Calik (2005) focused on gbviemth grades students’ ideas on solution concept
that were not searched before profoundly. In paldic the researcher covered electrical condugtivit
freezing and boiling points, the effect of surfamea, and types of solutions in terms of their
concentration levels. A four-item test involvingespended questions, designed in a manner to assess
throughly all of the mentioned aspects of solutoncepts, was administered to 441 students. Among
different grade levels, students attending grade mere found to have less alternative conceptions
than students in other grade levels did, excludheythird item of the test. Related to electricity
conductivity of sugar-water solution, many studethisught that “all solutions conduct electricity”,
“sugar dissolved in water conducts electricity” oftluctivity does not depend on the types of
solution”, or “electricity conductivity depends awgatively charged ions” (p. 678). When students
were asked for comparing freezing and boiling pouwit salt-water solution and water, some students
answered that there were no difference betweenifrgeand boiling points of salt dissolved in water
and water, or both freezing and boiling pointsaif dissolved in water are higher than those ofwat
Additionally, students were questioned on the ¢ffdsurface area on the rate of solution and tesul
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indicated that most of the students were able t@ ¢ghe correct answer as the rate of solution
increases when the surface area of solute increbk®gever, great many students were inable to
explain the reason of relationship between surfaa of solute and the rate of solution. The
following misconceptions were presented about gasan of the effect of surface area: “the speed of
the dissolution process depends on stirring whpgtaeently results in an increase in the surfaca are
of solute”, and “mass of the crushed salt is lésstthe uncrushed salt” (p. 683). Besides to the
incorrect explanations for increasing rate of solytsome students believed that “the amount of the
dissolved substance depends on the surface assdutd” (p. 683). Finally, when students were asked
to label solutions that contain same amount of rbilk different amounts of sugar inside, it was
observed that many students have troubles regasditugated and concentrated solutions, unsaturated
and diluted solutions, and they named types oftisols by using different terminologies, like “light
solution”, or “semi-saturated solution” (p. 685).

Calik, Ayas, Coll, Unal and Gtu (2007), furthermore, examined whether constvisttbased
teaching activities result in better understandiighe effects of pressure and temperature on the
dissolution of gases in liquids. Researchers catbdoth quantitative and qualitative data through
triangulation, that is, they assigned two itemsadfolution concept test, conducted semi-structured
interviews with different ability-level studentsdi high, medium, and low achieving students on the
posttest), and distributed the self-assessmentsfeone filled up by all of the participating stute
attending grade nine. The conceptual questions insé@ study were two-tier in nature which enable
researchers to evaluate if or not students knowrdason of behaviors of gases when pressure
increases or decreases, and while temperaturestodscording to the results of the study, students
learn the patterns of gases dissolved in liquideeband retain meaningful conceptions in theimglon
term memories when the instruction designed onbidiEis of constructivist-based activities. Data
drawn upon face-to-face interviews, furthermorejeeded students’ reasonings on the effects of
pressure and temperature on the dissolution ofsgad&juids that differ considerably from scietdis
point of views. For example, some students desdrihe reason of increase in solubility of gases
when pressure increases as the gap among gadgsadireases or as gas particles take the form of
beaker. Other alternative conceptions detectedebgarchers were as follows: temperature does not
affect the dissolution of a gas into a liquid sirtbe ratio is stable for all gases, there is aaline
relationship between temperature and the solubditya gas into a liquid, the solubility of gases
decreases as pressure of gas-liquid solution isesesince gas particles become liquid under pressur
or since different gas particles emerge under pressand solubility of gas particles in liquids is
stable because gas particles cannot be squeezed.

Moreover, Cetu, Unal and Ayas (2007) designed a hands-on &gctivianalyze its effects on seventh
grade students’ understanding of the two categarfigsatter: mixtures and compounds. Researchers
have generated Mixture and Compound Test (MCT)ptecify misconceptions, in which six open-
ended questions were situated. Of six items, twiherf were related to mixtures and their properties
two of them were associated with compounds and fhreiperties, and the remaining two of them
were interested in the distinction between mixtaed compounds on both the macroscopic and sub-
microscopic basis. Researchers found that somieeofrisconceptions hold by students at the pretest
were overcome as a result of intervention, whiclrewéthe components of a mixture cannot be
physically separated”, “the components of a mixeombine in exact proportion”, and “the properties
of components in a mixture are not retained” (P- 4he last misconception was consistent with the
findings of Uzuntiryaki and Geban (2005) and Vads (2000a). Although they could not change
completely, there were additional misconceptionat thad lower percentages on the posttest as
compared to the pretest percentages, such as falun@s are heterogeneous, mixtures are pure
substances, all mixtures are homogeneous substamigsires are combination of two or more
substances that are not pure, and mixtures arg/aleeambination of two different elements” (p. 41).

Apart from studies noted previously, Tuysuz (200@yeloped a two-tier test specifically on the
concept of separation of mixtures and tested tiigument to be able to understand whether ortnot i
is effective in identifying misconceptions gradaeistudents have on that concept. The rationale of
selecting separation of mixtures as the unit tinbestigated was stated as it is a challengingraat

life related concept. The items of the test invdlvaultiple choice and explanation parts, both of
which included one correct answer and four altévaatthat reflect common misconceptions students
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have on separation of mixtures. Only two samplegef the test were made apparent: question 3 was
assessing if students know the difference betwegstatlization and distillation, and question 10swa
testing whether students comprehend the particulatigre of matter and know the fact that physical
methods are used to separate mixtures into thenmpoaents. It was concluded that participating
students were more successful when they were a&sbigaditional multiple choice test as compared
to two-tier test. This conclusion was interpretadstudents are not accustomed to be assessed with
tests that question the reason of selected respdmngeit is a desired way of establishing
misconceptions. The researcher identified that ritgjof students believed that crystallization is a
method used to get solid and liquid separately fltmmogeneous mixtures, liquid-liquid solutions
(e.g. alcohol in water) can be separated througtilldtion, and filtering is a general method of
separating solids from liquid solutions. The lagsaonception is consistent with the findings of
Valanides (2000a).

2.3. Conceptual Change Approach

Identifying the quality and quantity of preconcept students hold and trying to understand whether
or not those conceptions are scientifically corrattthe beginning of instruction are crucial
precautions for controlling the following stages leérning process, however, not satisfactory for
remediation of alternative conceptions (Mulford &olitnson, 2002). Furthermore, it is well
established that traditional science instructiomncd be an influential mean to wipe alternative
conceptions out (Driver & Easley, 1978; Wanderddatzes, & Novak, 1994), which does not
actually take learners, and correspondingly thiar@ative conceptions into account. Accordingly,
alternative instructional approaches that are stersi with the constructivist theory of learningreve
developed to dispel alternative conceptions anditite meaningful learning (Posner et al., 1982;
Hewson & Hewson, 1983; Driver & Oldham, 1986). Cepttial change is one of the most effective
teaching approach which enables to apply viewsobtuctivism into science instruction (Hewson &
Thorley, 1989). Since conceptual change requiresnalization of constructivist theory of learniritg,
can be said that constructivism and conceptual gidhaare at the same line. As an example,
constructivist theory views learning as a procdssi@aning construction by humans (Duit, 1996), in
that case, conceptual change also states thatrigdasna process of personal knowledge construction
(Cobern, 1996). Conceptual change defines knowledgestruction as a process of forming
connections between what a learner already knowswdrat the learner to be learned which is the
condition that promotes meaningful learning (Novak02) at the same time. More specifically,
meaningful learning can be considered as concepthahge which aims to change alternative
conceptions with scientifically correct ones.

Then, “how to alter alternative conceptions withattlof correct conceptions?”, “how conceptual
change occurs?”, or more particularly, “what changeconceptual change?”. To be able to address
these types of questions, Posner et al. (1982)|ajge® an instructional approach and defined
conceptual change on the basis of Piaget's (1986x iof assimilation, accommodation, and
equilibration. Assimilation occurs when a learngrable to explain new knowledge by using the
existing knowledge structures, whereas accommaddatimppens if the current concepts are not
adequate or conflict with the new knowledge thauls in disequilibrium in the mind of learners.
Learners try to get rid of from the state of didégrium which is the process described by Piaget a
equilibration and it is this process that is reglole for learning. Posner and his colleagues (1982
focused vigorously on accommodation as a way towenmalternative conceptions by suggesting four
conditions to be accomplished;

1) There must be dissatisfaction with existing coniceptAccommodation requires radical
changes of current conception which cannot be aebiaintil students are faced with
anomalous information that contradicts with theirrent cognitive scheme.

2) A new conception must be intelligible. New inforimat becomes intelligible when
students are able to comprehend the meaning péigphrase it with their own words,
give relevant and irrelevant examples, and putitby divergent means like graphic,
drawings, or analogies (Hewson & Thorley, 1989).
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3) A new conception must be plausible. It is impogsiiol new information to be plausible
unless it is intelligible. Besides to intelligiliii as a prerequisite of plausibility, new
information should be coherent with other concaptiof students present in their minds.

4) A new conception must be fruitful. Intelligible apthusible information should have the
potential to be transferred in different contexdabject matters, or topics. Students
should believe that new information is fertile egbuo be used in different occasions.

In brief, Posner et al. (1982) claimed that stusleaplace alternative conceptions with scientifical
correct ones if they dissatisfy with that of exigtiknowledge and if the new knowledge is superior
than the existing one in terms of the extent oélligibility, plausibility, and fruitfulness. Howear,
many researchers criticize the idea of replacemgatternative conception and reported that itds n
usually the case that students give up former quiares completely rather they change the status of
those conceptions (Ebenezer & Gaskell, 1995) whkeh be defined as the extent of conceptions’
intelligibility, plausibility, and fruitfulness (Heson & Thorley, 1989). According to Ebenezer and
Gaskell (1995), students raise or lower the statu®nceptions with regard to the context theyiare
More specifically, prior knowledge and new knowledmpexist in the conceptual ecology of students
and they raise the status of their prior knowledgsin their daily lives and lower the status oéith
prior knowledge within the classroom. In other wgrdtudents have multiple explanations about a
scientific concept and they decide on which expianato make active according to the context they
involve in. Pintrich et al. (1993), furthermoreijticized the conceptual change model developed by
Posner and his colleagues (1982) through labeliay approach as “cognition-only model”. Pintrich
et al. (1993) viewed Posner and his colleaguesyastipns as cold, or rational, model of conceptual
change that tends to describe whole learning psotss emphasizing solely the importance of
students’ prior knowledge, but omitting the inflees of the nature and functions of motivation and
classroom contextual factors on learning, whichaially the important mediators and moderators
of learning. They draw upon this conclusion by d&sing the indisputable but deficient role of prior
knowledge in students’ learning by indicating tranp where researchers are exhausted to explain
why students do not make use of related knowledifpwgh they have adequate prior knowledge.
Regarding students who do not change their conakftameworks even if they have adequate
knowledge base, Pintrich et al. (1993) suggestatithmay be a result of the mediating effects of
motivational beliefs (e.g. goal orientation, sdfieacy, value and control beliefs) on the process
conceptual change. A student may have related kniowledge but does not learn much at the end of
the learning, for instance, may be explained assthdent does not value the learning process, or
student has another goal orientation like beinggdd to a popular group in the classroom. In
addition to the impacts of motivational beliefs tre process of conceptual change, classroom
contextual factors are viewed as the facilitatotwleen cognition and motivation. Pintrich and his
colleagues (1993) stated that classroom contefdigtdrs should favor students’ motivational beliefs
which in turn affect their cognitive strategies mating conceptual change. Within a classroom in
which there is an in-depth interaction betweenheex and students, for example, students are to be
motivated to adopt mastery goal orientation thatlifates the process of conceptual change. In fact
cooperative learning is an effective way of makatgdents interact with each other and the teacher
through which not only cognition (Johnson & Johnst899; Fall & Webb, 2000) but also affect
develop (Johnson & Johnson, 1989; Slavin, 1991;,619M particular, cooperative learning is a
valuable instructional strategy that encouragingceptual change through accommodating not only
cognitive but also affective, and contextual fastdased on this ground, the following part gives
detailed information related to cooperative leagnin

2.4. Cooperative Learning

The ultimate goal of contemporary science educatida educate students who have “the capacity to
use scientific knowledge, to identify questions aoddraw evidence-based conclusions in order to
understand and help make decisions about the hatuanrdd and the changes made to it through
human activity” (OECD, 2003, p. 133). Being ablestiucate scientifically literate students however,
requires a dramatic change in current learning renmient which is dominated mostly with

competitive or indivudialistic learning (Johnson Xhnson, 2008). Instead of competing or doing
alone, cooperating with others to achieve mutualgdecomes one of the most essential skills in
modern life (Jolliffe, 2007; Murdoch & Wilson, 2008vhich in turn makes cooperative learning to be
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one of the most wonderful innovations of both p®jyofy and education in recent times (Slavin,
1996; Johnson & Johnson, 2008).

Cooperative learning has been grounded on vartmesrétical perspectives such that any discussion
of cooperative learning starts generally with bébaal learning theory, cognitive-developmental
theory, or social interdependence theory (JohnsodoBnson, 1999). Behavioral learning theory
involves motivational perspectives on cooperativearting through focusing primarily on
interpersonal reward structures. In other wordsyugs are rewarded on the basis of group
performance which extrinsically motivates group rbens to do their best by giving and receiving
help, and encouraging each other’s efforts sineg tkalize the only way to get a reward is to aghie
the joint goal as a group (Slavin, 1996). Cogn#ilevelopmental theory, on the other hand, deals
mainly with sociocultural effects on individualsbgnitive processes. More specifically, individuals
enter learning settings with some sorts of prekedgt that indicates their actual developmental leve
which can be enhanced to potential developmental through scaffolding by the teacher or students
with higher subject-matter knowledge (Vygotsky, 827When students learn instructional tasks
cooperatively, they more readily realize each dshalternative conceptions than their teachers and
practice inconsistent knowledge up to internalize torrect explanations which in turn promotes
individual performance and correspondingly groupfgrenance (Webb, Nemer, & Zuniga, 2002).
The social interdependence theory, furthermoresuia®s that cooperative efforts are based on
intrinsic motivation generated by interpersonaltdes in working together and joint aspirations to
achieve a significant goal” (Johnson & Johnson,91989 188), which contrasts with the ideas of
behavioral learning theory as it focuses on extally motivated student efforts to achieve group
rewards. Moreover, although social interdependéheery deals with the issues among individuals,
cognitive-developmental perspective emphasizesrimortance of considering a unique individual
instead of a group of people. Eventhough they sénclaim opposing ideas, perspectives of
cooperative learning do not confront with but coempént each other through emphasizing on various
aspects of cooperation (Slavin, 1996), and fornthieeretical base of cooperative learning. No matte
which, all of the theoretical perspectives servbd tmprovement of cooperative learning and
corresponding research they have produced (Jot&asamnson, 1999). Then, it is the time to discuss
on different ways of interaction among students betiveen students and the teacher to accomplish
the goal, that is, “goal structures” (Johnson &nkwn, 1999), and what cooperative learning is and i
not.

Within the theory of social interdependence, Johnaond Johnson (1989) described three ways of
interaction as competitive, individualistic, andoperative. Competitive learning can be summarized
as the following statement “the more you gain, lggs for me; the more | gain, the less for you”
(Johnson & Johnson, 1999, p. 7). More specificafigjvidiuals try to be the best through searching
useful ways for themselves whereas detrimental vi@ysthers, perceive the way of success as the
failure of others, and interdepend each other megjgt Students within an individualistic learning
environment, on the other hand, try to achieve @aire criteria determined as the success level
independently from others, and do not interact walkh other, which can be summarized as “whether
my classmates achieve or not does not affect mafingbn & Johnson, 1999, p. 8). Cooperative
learning, on the contrary, requires individualsttyp to enhance both their own and each other’s
success, perceive the way of success as the suntessh individual, and interdepend each other
positively. In brief, students in a cooperativertéag environment know that “we all sink or swim
together” or “all for one and one for all”. Cooptiva learning can be defined as “an instructional
approach in which students work in small mixedigbigroups” (Slavin, 2009, p. 243), or as “the
instructional use of small groups so that studewiisk together to maximize their own and each
other’s learning” (Johnson and Johnson, 1999,.p. 5)

However, having students work together and teliivem to cooperate with each other does not assure
they did so (Slavin, 1990; Johnson & Johnson, 13Rfijffe, 2007). Cooperative learning is not
“pupils sitting at one table talking about theidividual work, sharing materials for individual vigr
groups where only one or two pupils do all the WwqiMurdoch & Wilson, 2008, p. 3), that may be
called as “individualistic learning with talking'd¢hnson & Johnson, 1994). A cooperative learning
group should be structured through putting basénehts into practice to be able to distinguish it
from other learning groups like pseudo-learningugrand traditional learning group. Johnson and
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Johnson (1999) noted that “how well any small grpepforms depends on how it is structured” (p.
71). Before reporting on the basic elements of eoaive learning therefore, it seems beneficial to
discuss about learning groups that are not trulgpecative in nature. Students within a pseudo-
learning group are aware of they are the membetisabfgroup whereas they do not want to cooperate
with each other. The structure of pseudo-learningu promotes competition in such a way that
students “block or interfere with each other’s féag, communicate and coordinate poorly, mislead
and confuse each other, loaf, and seek a free nddth results mostly in lower success than
individualistic learning (Johnson & Johnson, 196971) (see Figure 2.1). Members of a traditional
learning group, on the other hand, perceive beiggther as a compulsory practice that they have to
obey which causes little benefit from doing so. Treme of traditional learning group facilitates
individualistic learning with talking in such a m@er that each individiual is accountable only for
ownself, assessed and rewarded individually instéagtoup as a whole. Performance of individuals
working within a traditional learning group is etlyavell as individuals working alone, as shown in
the figure of learning group performance curve dmyed by Johnson and Johnson (1999, p. 71).
Moreover, there is not any effort for developingd&nts’ social skills necessary to work togethet an
the group does not reflect on how well they havegpmssed. The discourse of traditional learning
group is same with what Gillies (2004) labeled astruuctured cooperative learning group.
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Figure 2.1 The learning group performance curve

Johnson and Johnson (1997) suggested ten potebshcles inhibiting effectiveness of learning
groups and preventing them to be a cooperativanilegrgroup as follows (as cited in Johnson &
Johnson, 1999):

* ‘“Lack of group maturity”. Groups with inexperiencetiudents may suffer adequate
maturity to work together effectively.

e ‘“Uncritically giving one’s dominant response”. Gmumembers benefit from
cooperative efforts when they reach a common respamong various ideas and
disagreements instead of approving the responsestadents who have certain
characteristics influencing other group membersg.(eachievement, leadership
properties, physical appearance).
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e “Social loafing-hiding in the crowd”. Students mégel lower responsibility when they
work on an additive task within a group than theglfwhile doing alone, that is, being
in a group may result in overestimated effort andarestimated responsibility.

* “Free riding-getting something for nothing”. Studerontibute little or not at all when
groups but not individuals are assessed on thepgesk.

* “Motivation losses due to perceived inequity-noinigea sucker”. If group members
realize some of the members are not committed aomtask but getting same grades,
they diminish their efforts to complete the groapkin order not to be a sucker.

*  “Groupthink”. Interdepending each other in such aywhat viewing any disagreement
or conflict as a threat to group cohesiveness whiesults in seeking permanent
consensus on whatever the concern is.

» ‘“Lack of sufficient heterogeneity”. Students whovbaimilar abilities, perspectives, and
background experiences do not discuss on necetssky adequately which causes little
benefit from cooperative learning.

e ‘“Lack of teamwork skills”. Students need to be tatugterpersonal and small group
skills to make them work effectively. Students mmt perform well as a group as a
result of lacking certain teamwork skills, evenytlage high-ability in terms of academic
achievement.

* ‘“Inappropriate group size”. As the size of the grancreases, the performance level of
each member decreases since there are more peajudtie same work.

2.4.1.Basic Elements of Cooperative Learning

Johnson and Johnson (1999) distinguished not cetiweden pseudo and traditional learning groups
but also between two forms of cooperative learnwigh regard to the level of commitment
groupmates have to each other and the group’s ssiccemely “high-performance cooperative
learning group” and “cooperative learning groupdgsigure 2.1). Unfortunately, however, not only
high-performance cooperative learning groups kad aboperative learning groups are rare in practice
since most of the teachers oversimplify the basfcgtructuring cooperation and consider unstructure
cooperative learning groups as equal with strudtemoperative learning groups. More specifically, i
is not easy to apply a qualified cooparative wonkess the basic elements are structured effectively
which are positive interdependence, individual ardup accountability, face-to-face promotive
interaction, interpersonal and small group skdlsd group processing (Johnson & Johnson, 1999).

I. Positive interdependence

Positive interdependence is the most essentialezlenf cooperative learning such that there is no
cooperation unless it is well-structured (Johnsodafainson, 1999) because positive interdependence
results in promotive interaction that in turn cesag learning environment where group members
encourage each other’s efforts to reach the gragges. Johnson and Johnson (1999) offer teachers or
researchers three steps to structure positivediepemdence: “first step is to inform students eib)i

on how to handle the assigned task within theirugsp second step is to structure positive goal
interdependence, and third step is to supplemesitip® goal interdependence with other types of
positive interdependence” (p. 75-76). It is obviduesm the suggested steps that positive goal
interdependence is the heart, whereas not the erige of positive interdependence. To be able to
understand how to structure positive interdepengetherefore, it is necessary to discuss on thestyp
of positive interdependence in detalil.

Positive interdependence can be structured threegiain ways which can be gathered under three
categories, namely outcome, means, and boundaeydapendence which are reported below,
respectively. Outcome interdependence concerns tivittend of the cooperative efforts as its name
implies and includes goal, reward and fantasy d@pendence. Positive goal interdependence is the
meaning of being in a group which ensures that gjeowgoal cannot be achieved through
individualistic efforts but through joint effortsf ®@ach individual in the group. In other words,
members have to coordinate their efforts and craageoup synergy to be able to reach a common
goal since any dropping outs may cause groupsiltoTtaerefore, students have two responsibilities
within a cooperative group: to master on the assigiask and to make sure that all members of the
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group learn that material. Johnson and Johnsor8}2€tated that the nature of groups’ goals can be
“real or imaginary, such as surviving in a desslgnd” (p. 19). If the assigned task requires membe
to imagine an unrealistic action or event, posifiastasy interdependence is to be structured which
promotes students’ higher-level reasoning and tsitmal interest (Pintrich et al., 1993). Positive
reward interdependence is to be structured wheh gaamber gets the same reward for successful
joint efforts to complete the assigned task, whaenman, Kenter and Post (2000) call “cooperative
incentive structure” (p. 282). Slavin and Coope?99) distinguish three types of reward structures:
individual rewards based on individual learningougy rewards based on a single group product, and
group rewards based on individual learning. Foausim solely individual performance and awarding
individuals according their own learning is the gwminant reward structure within traditional
learning groups (Johnson & Johnson, 1999; Slavi@abper, 1999). Receiving a single group grade
with regard to the joint efforts of members (e.gbmitting a project, presentation of the completed
task) can be used to structure positive rewardrdefgendence, whereas this structure requires
intensive attention that it may diminish group effeeness through taking certain undesired behavior
in, such as social loafing, free riding, or motigatlosses. Behfar et al. (2010) report that wherug
members “do not complete their assignments on tfree, ride, or do not perform duties as expected
or agreed” (p. 128), contribution conflict becomeslespensible that affects group satisfaction
negatively. Providing groups academic (e.g. bonamtp or non-academic (e.g. extra free time,
stickers, food, gift) rewards in terms of individyerformance, on the other hand, is the most since
way of structuring positive reward interdependebeeause members in that case try to do their best
to exceed certain criterion as they feel persomabantability to help the group reaches certain
criterion. Student Teams-Achievement Divisions, afethe widely used methods of cooperative
learning (Slavin, 1995), for instance, emphasizes itmportance of group rewards which can be
received according to each member’s improvementescon individual quizzes. Reward structure
used in the Student Teams-Achievement Divisionanptes both positive interdependence and
individual accountability, two of the most cruckasics of cooperative learning.

Means interdependence accommodates role, res@andeask interdependence, all of which specify
necessities to be overcome by members to achievenon goals of taskwork and teamwork. Role
interdependence helps members realize each memtzertsbution is as crucial as their owns for
accomplishing the group goal and regulating inbagr interaction as a result of the assigned
complementary roles to each member. A member wlassggned the role of checker, for example,
makes sure that each member within the group hateneal on the assigned material, that is, try to
observe whether or not each member is accountdible.role of encourager, on the other hand,
acknowledge the member involved in group discussiamd praise the member’s contribution. The
crucial concern upon structuring role interdepecges to rotate roles within a group in such a way
that each individual experiences all roles. Morectiially, the same member should not always be
kept as a reporter which may result in lessenedribotion of other members to the mutual goal of
the group. Structuring resource interdependenespsgcially important for groups where students are
not accustomed to work within a group because tailsnmembers to share materials or information
required for the group to succeed. Actually, reseunas a dual meaning that it may imply any
materials or information necessary for groups tmplete their work. Resource interdependence can
be established in two ways as a result of the caitgponeaning of resource: groups can be assigned
limited number of task (e.g. two copies of task bardistributed to four-member groups), or students
can be given only a portion of task to make thenttssize what they have in hand. Jigsaw method of
cooperative learning (Aronson et al., 1978), asxample, employs resource interdependence through
assigning solely a section of task to one membeérhave that member teach what is learned to other
members of the group, otherwise, the group maysaooteed joint goal. If the task is divided into
pieces as in the resource interdependence butresgeach student to complete her own portion to
allow other students to do their own part, the tasérdependence is to be structured. In other syord
there is a division of labor that necessitates ediglsion to be done in a sequenced way which
promotes students’ responsibility since each memmbmrccess has an impact on other members’
performance. In fact, resource and task interdepenverlap with each other on several common
themes, such as both of them serve to means ipendence, require division of labor, and create
positive relationships among members that resighimanced group cohesion.
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Environmental, identity, and outside enemy intemtelence are located under the boundary
interdependence which gives opportunity to deschilie is interdependent with whom” (Johnson &
Johnson, 2008, p. 19). All types of boundary int@ehdence underline the need for being grouped
together through incorporating various factorspétticular, students are bound together in terms of
proximity through sitting together as a group fawieonmental interdependence to be structured,
students are bound together with regard to beingraity through deciding on a group name, motto,
or symbol associated with the group for identitierdependence to be established, and students are
bound together on the basis of driving forces ajaither groups in the classroom through organizing
intergroup competitions to structure outside enémgrdependence. Teams-Games-Tournament, one
of the several methods of cooperative learning (esv/& Edwards, 1974), is an impressive example
introducing well-structured way of outside enemyteifdependence. Within the Teams-Games-
Tournament, heterogeneous team members prepareodamhto be successful in a tournament in
which students of similar abilities compete withe thther teams. During intergroup competition,
students of the same group support each otherdbigirgy the importance of being a group that is the
unique way of reaching mutual goals. Table 2.1 sanmas various forms of positive
interdependence, which was adapted from JohnsonJahdson (1999, p. 77) and Johnson and
Johnson (2008, p. 20).

Johnson and Johnson (2008) editted results of waniesearch studies confronting the influence of
different types of positive interdependence on exdinent or productivity which are postulated as
follows (p. 21-22):

1. Positive goal interdependence promotes higher aehient and greater productivity
than does resource interdependence.

2. Positive goal and reward interdependence tend tcadwitive; while positive goal
interdependence is sufficient to higher achievemantd productivity than do
individualistic efforts, the combination of goal dameward interdependence tends to
increase achievement more than goal interdependdore or individualistic efforts.

3. Resource interdependence by itself may decreaséevachent and productivity
compared with individualistic efforts. However, thembination of positive goal and
resource interdependence tends to increase achéevenore than goal interdependence
alone or individualistic efforts.

4. Both working to achieve a reward and working toidvbe loss of a reward produced
higher achievement than did individualistic efforts

5. Positive interdependence does more than simplyvatetiindividuals to try harder, it
facilitates the development of new insights andcaligries through promotive
interaction. Members of groups use higher levesoeang more frequently than do
individuals working individualistically or compeitiely.

6. The more complex the procedures involved in intgesielence, the longer it will take
group members to reach their full levels of prodiist The more complex the
teamwork procedures, the more members have todatteteamwork and the less time
they have to attend to taskwork. Once the teamwookedures are mastered, however,
members concentrate on taskwork and outperfornvishatils working alone.

7. When students define themselves in terms of theiug membership, they are more
willing to take less from common resources anddotiibute more toward the public
good.
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Table 2.1 Descriptions and outcomes of variousgygfgpositive interdependence

Types of Positive
Interdependence

Description Outcome

1. Outcome Interdependence
Positive Goal
Interdependence

Positive Reward/Celebration
Interdependence

Positive Fantasy
Interdependence

2. Means Interdependence
Positive Role

Interdependence

Positive Resource
Interdependence

Positive Task
Interdependence
3. Boundary Interdependence

Positive Environmental
Interdependence

Positive Identity
Interdependence

Positive Outside Enemy
Interdependence

Students perceive that they can achieve thdichievement
learning goals if and only if all the members of
their group also attain their goals

A joint reward is given for successful group workong-term
and members’ efforts to achieve retention

A task is given that requires members to imagittigher-level
that they are in a life or death situation and musasoning
collaborate in order to survive

Each member is assigned complementary a@ah-task
interconnected roles that specify responsibilitees behavior
be performed to complete a joint task

Each member has only a portion of thPositive
information, resources, or materials necessary falationships
the task to be completed and the member’'s
resources have to be combined in order for the

group to achieve its goal

A division of labor is created so that the actiofis Cohesion
one group member have to be completed if the

next team member is to complete his or her
responsibility

Group members are bound together by théeterogeneity
physical environment in someway

The group establishes a mutual identity throughfecademic
name, flag, motto, or song support

Groups are placed in competition with each othd?ersonal
Group members then feel interdependent as theypport
strive to beat the other groups and win the
competition
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II. Individual and Group Accountability

The underlying purpose of cooperative learningoisshhance individual learning and productivity
which can be realized by structuring individual @eatability. When individuals are assessed on their
own right and the results are turned back to thiévidual and the group, then there exists individua
accountability. If assessments done with regattieécverall performance of the group and resubts ar
given back to the group, however, group accouritglgkists. Both individuals and groups should do
their fair share of the work, otherwise, there ® any effective cooperative learning. Actually,
positive interdependence and accountability arémitependent from each other such that “the greater
the positive interdependence structured within @pesative learning group, the more students will
feel personally responsible for contributing thefifiorts to accomplish the group’s goals” (Johnson &
Johnson, 1999, p. 81). Further evidences can benitedd concerning the relationship between
positive interdependence and individual accountgbisuch as role interdependence may result in
increased personal responsibility if one membethefgroup checks whether each individual learned
the material, resource interdependence may cotgritsuindividual accountability when members of
the group are required to present what they knowottter group members. When individual
accountability is not well-structured, students neafibit certain undesired behaviors that threat th
effectiveness of cooperative learning. For exampdene of the students may contribute less to the
group’s goal in order not to be a sucker or as alteof being assessed according to group’s
performance which cause motivation losses, cortdhuconflicts, or lessened group cohesiveness.
The following ways can be used for structuring wdiiial accountability (Johnson & Johnson, 1999,
p. 81);

Keeping the size of the group small.

Giving an individual test to each student.

Giving random oral examination.

Observing each group and recording the frequenty wiich each member contributes
to the group’s work.

Assigning one student in each group to the rolehetker.

Having students teach what they learned to somelsee

HWONPE

5.
6.
Ill.  Face-to-Face Promotive Interaction

Positive interdependence has direct impacts on gtiweninteraction which happens as individuals
“encourage and facilitate each other’s effort tonptete tasks, achieve, or produce in order to reach
the group’s goal” (Johnson & Johnson, 2008, p. 3R-As environmental interdependence ensures, it
is necessary for group members to sit togetheratablish eye contact with each other in ordetdor
promote interaction (Murdoch & Wilson, 2008). Whpromotive interaction is to be structured,
students readily try to learn the task and provieép to other members to make sure that every
members learn the task, develop personal rappattithturn increases their motivation to work
together (Sharan & Shaulov, 1990), share mateaats information, give feedback to each other,
encourage and praise each other’s effort to legmallenge each other’'s responses, and behave in
trustworthy ways (Johnson & Johnson, 1999). Resesitalies indicate that mixed-ability and gender
balanced groups of three to four members is thal igeoup composition for enabling high-quality
group interaction which in turn promotes learnipgychology, and social relations (Webb, 1984;
Gillies, 2003).

IV. Interpersonal and Small Group Skills

Students cannot cooperate effectively unless thaye Hearned the assigned task (taskwork) and
crucial interpersonal and small group skills (teaky. Coping with taskwork as well as teamwork
makes cooperative learning more challenging thampatitive and individualistic efforts. Johnson
and Johnson (1999) states that “we are not botimatively knowing how to interact effectively with
others...Students must be taught the social skdltpuired for high-quality collaboration and be
motivated to use them if cooperative groups arébd@oproductive” (p. 82-83). Research studies
indicate that students, who were trained in intespeal and small-group skills, engage in more task-
related discourse, use more complex cognitive laggustrategies, provide elaborated help and
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assistance to each other, and assure high quabtynqgtive interactions (Ashman & Gillies, 1997;
Johnson & Johnson, 1999; Gillies, 2004), if positimterdependence is also to be well-structured
(Johnson & Johnson, 1994). Efficient communicatioonflict management, listening to each other,
giving and receiving help, sharing leadership,tthuslding, respecting each other, sharing resajrce
taking turn, and democratic decision making are esah the social skills required in a healthy
cooperative learning (Johnson & Johnson, 1989; 2009

V. Group Processing

Group processing reveals how well any group plwask and teamwork into place. In other words,
students constructively discuss on how well theyehaorked together while completing the assigned
task and the way group members coordinate theartsff(Bertucci, Johnson, Johnson, & Conte,
2012). Group processing is a kind of formative ass®nt during which students plan, monitor, and
evaluate the group’s and individual's performanaed suggest new ways to dispose efforts that did
not work. In brief, small group processing invohstgdents’ perceptions of what happened within the
cooperative learning group (Johnson et al., 1990ie§ 2004). To be able to reflect on their own
learning processes, students have to have intemmarskills (especially, conflict management),
metacognitive, critical, and reflective thinkingillk In other words, group processing enhance
students’ ability in coordinating both taskwork aedmwork which in turn help them be successful as
a group (Bertucci, Johnson, Johnson, & Conte, 20G2)up processing can also be in the form of
whole-group processing in which teachers reflecgmups’ performances by observing groups and
filling a formal checklist for each group. It is portant for teachers to share the results of the
observations at the end of each lecture hour a&edbfick with individuals, groups, or whole class
(Johnson & Johnson, 1999), among which the mosttfe way is to provide individual feedback
(Archer-Kath, Johnson, & Johnson, 1994). Moreowempared to no group processing at all and
group processing provided by teachers alone, thebgwmtion of teacher and student processing has a
greater effect on students’ problem solving abi{itghnson, Johnson, Stanne, & Garibaldi, 1990). In
their study, Yager, Johnson, Johnson and Snide86(18s cited in Johnson & Johnson, 2008)
examined the effect of group processing on threeasmmes of achievement namely, daily
achievement, post-instructional achievement, atehtion by assigning students to groups with group
processing, groups without any group processing, iadividualistic condition. The results of the
study revealed that students in both of the twopeoative groups outperform students who worked
alone. Of cooperative groups, furthermore, studevittin group processing condition performed
better on three of the achievement measures asaremhpo students in without group processing
condition.

Table 2.2 Comparison of unstructured and structaoegberative learning groups

Unstructured Cooperative Learning Groups Stimact Cooperative Learning Groups
Low interdependence. Members take High positive interdependence. Members are
responsibility only for self. Focus is on responsible for own and each other’s
individual performance only. learning. Focus is on joint performance.
Individual accountability only. Both group aimdlividual accountability.

Members hold self and others accountable
for high-quality work.

Assignments are discussed with little Members promote each other’s success. They

commitment to each other other’s learning. do real work together and help and support
each other’s efforts to learn.

Teamwork skills are ignored. Leader is Teamwork skills are emphasized. Members

appointed to direct members’ participation. are taught and expected to use social skills.

All members share leadership
responsibilities.
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Table 2.2 (continued)

Unstructured Cooperative Learning Groups Stimect Cooperative Learning Groups

No group processing of the quality of its work. ~ Group processes quality of work and how
Individual accomplishments are rewarded. effectively members are working together.
Continuous improvement is emphasized.

To sum up, every small groups may not be a cooperdgarning group, but a traditional learning
group. The distinction between unstructured andcstred cooperative learning groups were made
apparent in the Table 2.2 (Johnson & Johnson, 19993). Although it is a well known fact that
basic elements of cooperative learning have toutenpo practice to make groups truly cooperative,
that may challenge teachers since it demands ulidangractices which is the concern of the
following part.

2.4.2.The Role of Teachers in Cooperative Learning

Cooperative learning groups can be divided int@ehaccording to the period groups continue to
work, namely formal cooperative learning groupsfoimal cooperative learning groups, and
cooperative base groups (Johnson & Johnson, 1B88nal cooperative learning groups are the most
structured one where students work together from lenture period to several weeks to finish the
assigned work. Informal cooperative learning groupsthe other hand, are formed temporarily (on
ad hoc basis) that proceed from a few minutes ®leature period for several purposes, such as to
take students attention to the subject matter uagamination, inform students on the content of the
lesson, and raise students’ motivation to the esggpart from formal and informal cooperative
learning groups, cooperative base groups sustahéehst a year, in which students are fixed and
heterogeneous in nature, in order to help, assist,encourage each other to achieve academic tasks.
Of several forms, “formal cooperative learning gisware the heart of cooperative learning” (p. 15),
thereby it is within the scope of this dissertation

Teachers are the essential components of a heatiperative learning since they have multiple roles
not only during application of cooperative learnimgt also before that practice commences and after
implementation ceases. Murdoch and Wilson (2008)edi the following role of teachers by
emphasizing that teachers determine those rolds regard to students’ age, nature of the assigned
materials, the extent of prior knowledge studergseh and the culture in which students are
embedded in;

I.  Explicit instruction: Teachers instruct studentshmw to cooperate effectively, how to
manage disagreements, and why working well as apgi® important in a manner to
ensure that students perceive cooperative effsrisaath to try. Brainstorming on why
to work well as a group, inviting a guest speakbpwas the ability to impress students
with her own stories, and preparing posters to show and why to cooperate are some
of the suggestions that can be put into practicenstbachers wish to instruct explicitly.

IIl.  Modelling: Taking the social environment into acabunay be an impressive way of
learning which requires individuals to monitor whathappening around them and to
imitate observed behaviors, correspondingly. Theesfteachers should be accurate
models for students by interacting cooperativelghwstudents, families, and other
teachers. It should not be forgotten that “coopegdearning in the classroom requires
cooperative learning in the staffroom” (JolliffeQ@7, p. 5).

lll.  Feedback: To be able to know what is working wellen what is not working well,
students need some sorts of feedback from the eéeaetd other members of the group.
Providing elaborated and constructive feedback daidents be motivated, be
accountable, and think in a reflective and metaitvgn manner. Teachers observe
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whole class by filling the checklist related tokasrk and teamwork as well as small
groups to be able to control whether each indiMgluaaster the assigned task and
cooperate effectively. It is important for teachtershare what has been observed during
cooperative learning practice with students.

Intervention: Students should realize that theyeh&w cooperate well by managing
conflicts constructively, learning the assignedktaselping other group members to
learn the material under examination, tolerating &stening to each other as long as
possible. However, if students face with sustaideshgreements, permanent off-task
and disruptive behaviors, or misinterpretation l# task, teachers should intervene to
encourage students to work cooperatively again.hiwithe case of undesirable

behaviors, teachers may exhibit various intervensizategies, such as behaving like an
additional member of the group who experiencesshime problem with the group,

making students to remember the behaviors predetedmat the beginning of the

lecture (the role of explicit instruction), or emraging students to try to resolve the
problematic situation under the control of the tesac

Strategic task selection: Teachers should prepaeelect academic tasks according to
the objectives of cooperative learning practicebieW objectives include poor abilities
like memorization, or have a single correct ansivat one person can reach the solution
easily, then it is not logical to assign tasks whéce conceptual in nature. On the other
hand, if objectives require higher order intelledtabilities, or have multiple ways to
attain solution, the task assigned to studentsdias a challenging one (Cohen, 1994)-
what Slavin (2009) calls “ill-structured problem(§. 247).

Johnson and Johnson (1999) stated that “any assignmn any subject area may be structured
cooperatively” if teachers are committed to apphsib elements of cooperative learning in a
disciplined way. As implementation of formal coogi@re learning requires to be well disciplined,
teachers should follow certain steps all of whicé the review of the role of teachers, meanwhile.
More specifically, teachers should act as follows;

Make preinstructional decisions: Before cooperate@rning practice starts, teachers
“formulate objectives, decide on the size of grqugsoose a method for assigning
students to groups, decide which roles to assignggmembers, arrange the room, and
arrange the materials students need to completasignment”, respectively (p. 17-18).
To be able to reach the desired outcome, the stegp is to know what the desired
outcome is. More specifically, teachers have toidke@xplicitly on the aim of the
cooperative practice in terms of both taskwork amdmwork. After formulating
objectives to be acquired by students, teachersiadenabout group formation with
regard to the size, the composition (heterogen@osusomogeneous), and the way to
form groups. There is not an exact formula for ¢hesncerns which are determined on
the basis of the number of students in the classr@amount of resources present, nature
of the task assigned, the period of the instructimnthe objectives of the practice.
However, it can readily be said that the smaller sizve of the group, the better the
success of the students within cooperative groupsaaresult of percentage of
responsibility per each student. In other wordsdents share responsibility to achieve
group goal and as the number of students increassmsh student’s responsibility
decreases at the same rate. In a group of two-@efmplinstance, each individual has 50
% responsibility but in groups of four-people, eauthividual has 25 % responsibility to
complete group task. As size of the group increabespossibility of social loafing and
free-riding effects raise which makes difficultassess individual performance. Besides
to the size of groups, the research studies cathstpnint out that teacher-selected
groups prevent the feeling of being rejected amiges, on the contrary, a deep sense
of belonging to a group (Strijbos, Martens, & Javke2004). Moreover, when teachers
deliberately assign students to groups in a matmdorm heterogeneous groups in
terms of gender, ability, or talent, students le@re, the retention time of the learned
knowledge increases, and the amount of off-taskatiels decreases (Johnson &
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Johnson, 1999). The next stage of planning is Y@ gomplementary roles to students
which enhances positive interdependence and ingividccountability (especially, the
role of checker) since roles imply the expectatiofisthe teacher and other group
members from the person whom that role was assigdedrack and Farrell (1995)
reported that “the opinions that others form abmng’s contribution to the group effort
will likely be influenced, in part, by which roléke focal group members play” (p. 559).
As the final decision before instruction, teachd#side on the arrangement of rows as to
encourage promotive interaction, and the assignménnaterials to satisfy various
forms of positive interdependence like, distribgtione material per a group to provide
resource interdependence, assigning materialgigsaav puzzle to promote information
interdependence.

Explain the task and cooperative structure: Up @av,nthe planning of cooperative
learning practice has been completed but thereushno do to have a truly committed
cooperative learning. First of all, students shoedgblicitly be informed on what the
assigned task is about, the way of completing tmstignment, and the level of
excellence to be accepted as successful. Theiariter success can be determined
according to the objectives of the practice likeitients who are able to acquire three of
the five objectives determined at the beginningha planning step”, content of the
lesson like “students who mastered on seventy peafethe content under discussion”,
correct answers given at the test as an indivichsag group, or as a class like “students/
groups/ class score(s) above seven correct answgr®f ten items”, or students’
improvement scores compared to last performankes'dtudents who exceed the score
of last week”. No matter what the criteria of sugxés, the important point is that the
assessment is to be criterion-referenced in nasimee the underlying purpose of
cooperative efforts and criterion-referenced assents are congruent with each other,
which is to make each individual to learn bettarother words, students do not compete
with each other to be the best in the group as ditgation in norm-referenced
assessments but to cooperate with each other wiltkirgroup to exceed certain set of
standards as in the criterion-referenced assessmictually, the desired condition for
an effective cooperation is to provide intragroopmeration and intergroup competition,
like Teams-Games-Tournament which is developed éyries and Edwards (1974) and
Student Teams-Achievement Divisions which is esghbd by Slavin (1979), those of
which create certain amounts of arousal to struggl¢he task assigned as a group that
facilitates group accountability in turn. In additito the information about the task and
the criteria for success, teachers should strut¢tuee elements of cooperative learning
firmly which are positive interdependence, indivadliand group accountability, and
interpersonal and small group skills in a way ngtegviously. Finally, it is the time to
implement cooperative learning practice throughipgtvarious methods into practice,
such as Team-Assisted Instruction, Teams-Gamesadment, Group Investigation,
and Student Teams-Achievement Divisions, all ofclhivas explained in detail in the
following part of the dissertation.

Monitor and intervene: The job of the teacher doatsfinish once students work in the
cooperative groups, it is the time to check hovdsiiis worked on the task and worked
as a team, continuously. To be able to guarantegests work well with each other,
teachers should observe all groups systematicaliyngd a lesson and have some
students observe their groupmates within a cooperd¢arning practice which is an
effective way of understanding what is going arobedause it is reasonable for students
with close ages to communicate better with eackratian the teacher. Teachers should
monitor groups by means of formal observation fosinse “the more concrete the data,
the more useful it is to the teacher and to stiglgidbhnson & Johnson, 1999, p. 43).
Observations conducted by teachers and traineemstsiéire powerful tools for teachers
to diagnose what students understand and do netstacid, and whether or not students
have been accustomed to working together. Therefoman be stated that the results
derived from observations direct teachers to impev to help groups eliminate
alternative conceptions and unskillful behaviordohtrequire frequent use of positive
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reinforcement and questions that promote studemsacognitive skills, such as what is
the reason of doing it?, why do you think so?, hoe can you reach that solution?

IV. Evaluate and process: Once students complete thgecative learning practice under
monitoring and intervening of the teacher, how stid performed in terms of taskwork
and teamwork should be assessed not only to deterthe amount of success but also
to the quality of learning. The teacher put predeteed criteria of success, which was
criterion-based in nature, into practice throughitivolvement of students since they are
still at the center of their own learning. Teachewgho have internalized the
constructivist thoughts, have wide variety of ogpoities when evaluating students,
such as project-based assessment, portfolio assegsperformance-based assessment,
and individual and peer assessments. The qualistuafent learning, furthermore, can
also be processed both by students and the teabbachers let students process their
group in which group members try to understand wisgipened in the group, what
should have been and should not have been in theongin a constructive manner to be
improved in future practices. Teachers, on therdthad, direct questions to whole class
to realize whether or not each individual, eachugroor the class has experienced
maximum benefit from the cooperative practice. Moer, teachers provide
simultaneous feedback and become sure that stuosigst on the feedback given by
the teacher. As the final step, teachers encolgems to celebrate their excellence.

2.4.3.Cooperative Learning Methods

Several cooperative learning methods, which indidche way to implement a cooperative lesson,
have been developed and evaluated for several dedadse of which belong to one of the two
fundamental categories, namely “group study methadd “collaborative learning methods” (Slavin,
2009). The former provide an arena where studentk together up to all group members learn the
assigned task which is comparatively well-struadufe.g. Student Teams-Achievement Divisions).
The latter, on the other hand, ensure a domainhithwstudents work together on relatively less-
structured tasks to create certain kinds of protiketa report, a poster, a project, or an expeninset

up (e.g. Group Investigation). In brief, the maiiffedentiation point of group study methods and
collaborative learning methods is the nature ofttfsi assigned students to complete through working
together. In their meta-analysis, Johnson, Johmswh Stanne (2000) situated cooperative learning
methods into a continuum from direct (concrete mspribed) to conceptual (flexible) and described
direct method as the one which includes well-defirmad relatively inflexible steps that enable
teachers to master the method in a few minutesirmptément readily. Conceptual methods, on the
contrary, involve rather complex and flexible steysch can be used as a template throughout the
cooperative lesson. More specifically, more dira@thods can be learned in a few minutes and
applied simultaneously but cannot be soon modifedarying conditions, that is, they are generally
dependent on subject areas or grade levels. Imasirib direct methods, more conceptual models are
not simple enough to learn and apply readily, wheréhey can be customized rather easily to
different conditions, that is, conceptual methods be used frequently in various subject areas and
grade levels. In brief, it is more easy to leard apply more direct methods of cooperative learning
but it is more easy to adapt more conceptual mddelsrious conditions that gives flexibility toeh
person who applies it.

Another point to separate cooperative learning odsHrom each other is related to their applicgbili
fields. More specifically, some of the cooperatilearning methods are suitable for specific
disciplines and grade levels, what Johnson, JohasdrStanne (2000) call “nonrobust methods”, like
Team-Assisted Instruction (Slavin, Madden, & Leal®84) and Cooperative Integrated Reading and
Composition (Stevens, Madden, Slavin, & Farnist87)9and the others are applicable to broader
subjects and grade levels, such as Student Tealmsyv&nent Divisions (Slavin, 1995), Teams-
Games-Tournament (DeVries & Edwards, 1974), Jigéamnson et al., 1978), Learning Together
(Johnson & Johnson, 1999), and Group Investigaf®maran & Sharan, 1992). Of these diverse
cooperative learning methods, however, researahestprimarily focus on the group study methods
those of which are applicable to any grade level subject area (Slavin, 2009). Consequently, the
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following four methods of cooperative learning aneorporated within this dissertation; Student
Teams-Achievement Divisions, Teams-Games-Tournandaygtaw, and Learning Together.

e Student Teams-Achievement Divisions (STAD):

STAD is one of the direct methods of cooperativarng, that is, it is not difficult to learn how t
implement STAD within the classroom and it is apalile to any grade level and subject matter.
STAD, however, is most suitable for giving infortaat on “well-defined objectives with single right
answers, such as science facts and concepts” (SBO09, p. 244) which does not actually mean it is
not adaptable to different conditions. Through mpowating open-ended worksheets for students to
work together in teams, STAD becomes adaptablélltstfuctured problems” which can be defined
as problems with less-defined objectives.

STAD includes a schedule of class presentationmtesdudy, individual quizzes, individual
improvement scores, and team recognition, all atlvlare arranged in a manner to follow each other
(Slavin, 1991; 2009). Within a lesson in which STADput into practice, the teacher starts to priesen
the lesson through lecturing and discussion in romléorm adequate knowledge base in the mind of
learners. Teacher presentation in STAD is not #meswith lecturing since the former solely focus on
the specific part of a topic which is the topicvedrksheet and quiz, at the same time. In brief, the
purpose of teacher presentation is to prepare staide work well in teams by generating necessary
prior knowledge which in turn help students be ssséul in the quiz and have high team scores at the
end. After teacher presents the topic, studentst méh their predetermined teams which are
composed of four or five students who are hetereges in terms of gender, intellectual ability (past
grades can be used on behalf of intellectual ghilénd ethnicity (if students with different etbity
present). To be able to generate heterogeneoupgroeachers have to deliberately select group
members instead of random sampling, or studenttselegroups which often result in homogeneous
groups. Being the most important step of the ST&am work on worksheets in a manner to learn
the material precisely as well as to make sure aladbther members master the assigned material
perfectly. More specifically, the primary purpodet@am work is to have students prepare each other
to the quiz as each member will take 100 perceniclwltan be achieved when groupmates
interdepend each other positively, and try to dertbest individually. The function of the teaclier
not only to present the lesson and prepare workslies also to prepare quizzes concerning relevant
content to be assigned to groups after they hawgpl=ied their work on worksheets. Once learning
together, students take the quiz alone to be abtedlize whether every member of the group have
mastered the knowledge acquired through teacheeptation and teamwork. Students apply what
they learned in the quiz if they have actually feat, that is, not only one or two students but all
students are accountable for achieving group dgdake specifically, assigning individual quizzes
reduce social loafing and free rider effect thathis desired condition for having more accountable
and better learned individuals.

Slavin (1996) suggested a remarkable scoring sysdermonitoring students’ excellence after they
have taken individual quiz, which is the individuaedprovement scoring. Initially, each student is
given a base score which is “the minimum the teaeRpects the student to make on a 30-item quiz”
(Slavin, 1996, p. 26). The tests having differeatbers of items than 30 should be adjusted in a
manner to possess a 30-item test. For example, iganhon a 10-item test is worth three points, or
each item on a 25-item test is worth 1.2 pointse Titst three students are assigned an initial base
score of 20 out of 30, the next three studentaasegned an initial base score of 19 out of 30,thad
same procedure is followed until each student vemia base score. The maximum improvement a
student can gain is adjusted to 10 points and tingrmam improvement a student can gain is set to
zero points. In other words, the students who ghimere than 10 points in the following quiz are
established just 10 improvement score and the steidgho showed a lower performance than their
base scores are assigned zero improvement scdréegative improvement scores. For instance,
when a student, who has been assigned as a baseo$d®, gets 28 points in the following quiz, the
student’s improvement score was not computed asbiiB,10 points which is the maximum
improvement score a student can be assigned. Lskewihen a student, who has been assigned a base
score of 15, gets 12 points in the quiz, the sttisémprovement score was not computed as -3, but
zero points which is the minimum improvement sc@rgtudent can be assigned. Assessing students’
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excellence on the basis of their own improvememisaio make students to compete solely with their
own past performances which ensures a feelingstici since any student (either high-performing or
low-performing) has a chance to exceed their owst parformances through studying hard and be
announced as the person who contributed maximugrdap goal. It is crucial for the teacher to
compute team scores by summing up individual impneent scores and make those scores public by
the means of a bulletin board right after the lassbwhich students take quiz because it “makes the
connection between doing well and receiving redigmiclear to students, increasing their motivation
to do their best” (Slavin, 2009, p. 245). When deiaing the winner team with the highest
improvement score, furthermore, it is importantrtake necessary adjustments if groups do not have
same number of students, that is, if a team witin foembers scores 20 and a team with five members
scores 25, then the second team’s score has tashied as 20 as behaving that group to have four
members in fact.

e Teams-Games-Tournaments (TGT):

Likewise STAD, TGT can be used to teach any mdttriany grade level and any subject area, and it
is not difficult to master on how to implement T@T classroom. Moreover, TGT accommodates a
regular schedule as STAD wheras instead of indaliduizzes and individual improvement scores,
TGT has academic games and tournaments. Actuglly,not surprising to have various similarities
between STAD and TGT methods since Slavin estaddiSiTAD (1979) by extending the notions of
DeVries and Edwards (1974) who are the developemGd. Once the teacher presents the lesson,
predetermined four-member teams get together td& worthe assigned worksheet and prepare each
member to do well in the tournament. Afterwardadsnts play academic games with three members
of different groups who resemble each other in seofhtheir academic performance to have a fair
competition. For instance, high-performing studeats assigned to tournament table 1, average-
performing students are assigned to table 2, loMepming students are assigned to table 3, and so
on. The games function as a formative-assessmeimgdwhich students’ success level is evidenced
since they have prepared to test the amount of leuge gained by students. Eventually, the
individual scores gained through games are gathigether to determine the team scores and as in
STAD, the teams that exceed certain standard poinannounced in the bulletin board once a week.

e Jigsaw:

The original Jigsaw method, developed by Aronsomle{1978), involves academic tasks for the
purpose of forming knowledge base within the mifidearners instead of teacher presentation as in
STAD and TGT. Size of the group is particularly mngant in the original Jigsaw because students
within groups do not read the whole document bpbsgion of the assigned task in home groups,
therefore the number of student within a group ¢®acern to be determined according to the number
of sub-topics. After preliminary reading, studefitem other groups who have read the same section
come together to discuss vigirously their own sgcin expert groups. Expert students are respansibl
to teach the knowledge in their portion to the #sthe group upon turning back to home groups. In
brief, all of the members of the group have sp&mdl on certain sections of the material and inform
other members of the group on that part. Studeat® o listen to each other since learning from
others is the unique way to learn the whole task tien, prepare a final report as a group. The
original Jigsaw was modified by several researchiardigsaw I, for instance, heterogeneous teams
with four or five students are formed, as in STABdalTGT. Each member of the team reads all
sections of an academic material but focuses madnlyone section. As in the original Jigsaw,
students who have focused on the same section imexdpert groups and discuss the topic under
examination in detail since they are the expertthaf section and responsible for teaching it tept
members of the group. Upon returning to their ahijroups, each student in turn share their th@auight
with groupmates in a manner to make sure that eaetmber of the group has learned the whole
material. Students take individual quizzes at theé ef the cooperative practice at which they cannot
help each other. Therefore, students realize trabhly way of learning the assigned material is to
listen to their groupmates, carefully. Unlike thégmal Jigsaw, teachers compute team scores on the
basis of individual's improvement scores and aneeuthe group(s) exceed standard point in the
bulletin board, as in STAD. The research studiestpout that there are other versions of Jigsaw
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method generated through modifying the conditialated to the way knowledge base is formed at
the beginning of the practice and the way studergsissessed at the end of the practice.

e Learning Together:

Learning together, one of the most widespread naistlod cooperative learning developed by Johnson
and Johnson (1999), involves heterogeneous groligtudents who have primarily two functions,
namely to learn the assighed material and to hedpignates learn the task under examination. In
other words, students interdepend each other pelitand each individual is accountable for the
mutual goal. Moreover, groupmates interact withheather in a manner to promote each other’s
learning through putting interpersonal and smadlugr skills into practice. To be able to learn lrette
and achieve group’s goal, students regularly reftecthe effectiveness of group’s performance. At
the end of learning together, groups are rewaraetth® basis of a single group product.

2.4.4.Research on Cooperative Learning

There is a substantial body of research on thetfemness of cooperative learning across a range of
subject areas (Ashman & Gillies, 1997; Johnsonndoh, & Stanne, 2000) in preschool through
graduate school levels (Johnson, Johnson, & Sn@@i)7) on cognitive, affective, and social
outcomes, among which the most extensively searelhedichievement, conceptual understanding,
motivation, higher-level reasoning, retention, tattes, self-esteem, and social skills (Johnson &
Johnson, 1979; Madden & Slavin, 1983; Webb, 198%ndon, Johnson, & Smith, 1998; Hancock,
2004; Bilgin & Geban, 2006; Acar & Tarhan, 2007garflan and Acar-Sesen (2012), for instance,
investigated whether instruction based on jigsavthot of cooperative learning is superior than
traditional instruction in terms of undergraduatadents’ understanding of acid-base theories. In
addition to conceptual understanding, studentsasdeegarding cooperative learning practices were
examined by conducting interviews with the experitaégroup students. The findings of the study
indicated that students, who were exposed to icstnu based on cooperative learning (i.e.
experimental group students), learned acid-baseegis better and had fewer misconceptions on the
corresponding chemistry concepts than studentsuctsd through traditional means. Moreover,
experimental group students perceived jigsaw implgations as more interesting and beneficial for
interpersonal relationships among students and Hadiievement gains, as compared to traditional
chemistry instruction. Similar to Tarhan and Aca&sé&n (2012), Tgan-Kirikk and Boz (2012)
analyzed the effectiveness of cooperative learomgtudents’ understanding of chemical kinetics and
their motivation. Unlike Tarhan and Acar-Sesen @0bn the other hand, the sample of the study
conducted by Tgan-Kirik and Boz (2012) were eleventh grade sttgJeand STAD was selected for
the application of cooperative learning in the stasms. The researchers concluded that experimental
group students, who were taught through STAD methinderstood the related concepts better and
possessed greater motivation to study chemistry #@ntrol group students instructed through
traditionally designed chemistry instruction, wistndents’ science process skill scores were agsigne
as covariate.

Currently, it is almost universally accepted ameoegearchers, who have spent their research career
for developing precessor ideas on cooperative iegyrthat cooperative learning is an effective
instructional pedagogy on such diverse learningames if it is applied properly, which makes it
unique among all other instructional approachebr(on & Johnson, 1999). What is disagreed upon,
on the other hand, is what mediates cooperativilgg to bring about higher academic outcomes,
and even more specifically, under which conditioosperative learning results in higher achievement
(Cohen, 1994; Slavin, 1996; Ashman & Gillies, 199@hnson & Johnson, 1999; Gillies, 2003; 2004).
Johnson and Johnson (1999) state that “having @euof people work together does not make them
a cooperative group...Groups do not become codpergtoups simply because that is what someone
labels them” (p. 70-71). It is now a well-known fgbat any small group becomes a cooperative
group if and only if the group is structured inte@r ways, that is, if the basic elements of coapes
learning are well-established in the group whenedesits interdepend each other positively, be
accountable to achieve the mutual goal, interatth e@ch other in a manner to promote each other’'s
learning, operate interpersonal and small groufisskand reflect on the process of learning to
increase group members’ commitment to reach theiahigoal of the group (Johnson & Johnson,
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1989; 1999; 2008). Johnson and Johnson (1999) dlmmstudents cooperate with each other when
these elements were structured firmly, otherwise ,groups cannot be labeled as cooperative learning
group but “pseudo-learning group”, or “traditiorl@ehrning group”. Other researchers, furthermore,
described groups as “unstructured cooperative ilegrgroup” (Gillies & Ashman, 1996; 1998;
Gillies, 2004), “group work-only group” (Gillies,086), “loosely structured cooperative learning
group” (Ahmad & Mahmood, 2010), or “informal cooptive group” (Gillies, 2008; Slavin, 2009),
when basic elements of cooperative learning arenatitestablished. Chiriac and Granstrom (2012)
viewed low-quality group work as the one in whicktudents workin a group instead oés a
group...this is just individual work, which makesry little use of the group as a forum for mutual
learning” (p. 360). In fact, the purpose of thisddirtation is coherent with what related literature
discusses on, that is, the effect of structuringpesative learning based on conceptual change
approach on students’ understanding and motivatemm be deduced through reviewing research
studies investigating various group dynamics erogily (e.g. basic elements of cooperative learning,
group composition, group size). The following pas$ a result, presents a collection of research
studies which have dealt primarily with various gwadynamics in order for better understanding of
conditions under what cooperative learning resaltsgher learning outcomes.

Webb, Nemer, Chizhik and Sugrue (1998) exploredripact of group ability composition on group
processes and outcomes in group and individual sfience assessment. 662 eighth-grade students
from five schools in Los Angeles were assignedots, llow-medium (below average), medium-high
(above average), or high ability group compositiansording to the scores measured by non-science
(vocabulary, verbal and non-verbal reasoning temts) science related pretests. More specifically,
students in the lowest quartile were placed inltiw-ability groups, students in the highest gleart
assigned to high-ability groups, and the remairsinglents were situated in one of the two medium-
ability groups on the basis of quartile they feito. The participants were assigned either to
heterogeneous or homogeneous three-member groampdo(n assignment in terms of gender and
ethnicity) to work together on the science taslerathat, however all students were required to
complete similar task individually. The results icated in general that ability group composition
affects both group and individual performances imaaying trend. More specifically, students in
below-average condition produced more accuratehigit-quality explanations as a group and as an
individual when heterogeneous groups were formedudting above-average students than
homogeneous groups of below-average students. &bdity students, in contrast, indicated higher
performances as a group and as an individual uthegswere assigned to heterogeneous groups with
lower-ability students. To conclude, heterogenegnasiping is desirable for below-average students
but detrimental for high-ability students.

As an extension of the study conducted by Webbl.et1898), Webb, Nemer and Zuniga (2002)
investigated the effects of group ability compasition high-ability students’ group processes and
outcomes in a science assessment to be able tostamitd deeply whether or not high-ability students
perform as well in heterogeneous grouping as indgemeous grouping. The sample was selected
purposively from two schools in Los Angeles in anmer to have high-ability students who were
located in the highest quartile during the previeusly (Webb et al., 1998). 83 high-ability student
were assigned to four group compositions with rédgara composite score based on non-science
(vocabulary, verbal and non-verbal reasoning temts) science related pretests , namely low, low-
medium, medium-high, or high ability groups. Studewithin the lowest quartile were situated in
low-performing high-ability groups, students in thighest quartile were assigned to high-performing
high-ability groups, and the middle 50 % of thedstiots were placed into one of the two average
conditions on the basis of their composite scorés. procedure of the study followed three phases in
which all participants took three non-science ptstandividually (Phase 1); students have been
instructed on the unit of electricity and electeiccuits for three weeks by their teachers and have
been assigned two posttests (hands-on and papgresad) right after the instructional unit which
were completed individually (Phase 2); one montkr|astudents worked as groups of three on the
same hands-on activity as the posttest (PhaseaBad),on the same paper-and-pencil test as an
individual posttest (Phase 3b). The study did nou$ only on performance differences among group
ability compositions but analyzed also certain lvéra variables as predictors of students’
performance, such as co-construction of solutigngng and receiving help, the quality of group
functioning, the frequency of domineering, insudtimnd off-task behaviors, and free-rider effette T
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researchers stated that the results of the prewudy (Webb et al., 1998) need a revision sinee th
results of this study suggested that some compasitof heterogeneous grouping (e.g. groups of
below-average and above-average performing higityalstudents) promote performance of high-
ability students equally well as homogeneous grmogpiOf predictors of high-ability students’
performance, the quality of group functioning wamurfd as the most influential variable that
accounted for much of the effect of group compositiThe study concluded that differentiating high-
ability students as low-performing or high-perfongicreates an opportunity to claim that high-abilit
students perform equally well in heterogeneous ggoas in homogeneous groups when groups
function effectively.

Gillies (2004) investigated the effects of struethiand unstructured cooperative learning expergence
on junior high school students’ behaviors, intdématd, learning, and perceptions of what happens
during cooperative learning. Among 223 grade nin€lents, 99 of them were assigned to structured
cooperative learning groups and the remaining 1@dests were placed to unstructured cooperative
learning groups through stratified random samplBath the structured and unstructured cooperative
learning groups involved three to four studenta mixed gender and achievement group, that is, each
group involved one high-achieving student, two metiachieving students, and one low-achieving
student. Among six schools from Australia, thregh&fm had high commitment (i.e. participated in
extensive professional development activities t@able to learn how to apply cooperative learning in
their classes) but the other three schools hacctmwmitment (i.e. teachers had not participatechin a
activity concerning cooperative learning practices)mplement cooperative learning in classes. The
researcher, correspondingly, assigned high commitsehools to the structured groups which exhibit
many key elements of cooperative learning, such task interdependence and individual
accountability, and the students were trained iniadoskills necessary to promote cooperative
learning. Low commitment schools, on the other hamdre labeled as unstructured cooperative
groups where students worked on “ad hoc” basisatstof practicing cooperative learning in a
disciplined way, were deprived of many basics reslito cooperate effectively, and did not receive
any training on small group skills necessary tanwte healthy cooperation. Moreover, teachers in the
unstructured cooperative groups did not have aah#ém be informed on how to apply cooperative
practice regularly. The students were observedhbynteans of two observation forms on “behavior
states” and “verbal interactions” when they work axtivities on a unit of geometry (4-6 weeks)
which were videotaped in the last two weeks of shaly. Students were initially assigned “What
Happened in the Group Questionnaire (WHGQ)" rigfierathey were videotaped and then, the
mathematics questionnaire was distributed to thdesits one to two weeks after videotaping. The
results of students’ behavior states revealed ghtents within unstructured groups displayed more
noncooperative behaviors and more individual nak-taehaviors than their peers in structured
groups. Although, students in unstructured grougpgegshort answer responses to their groupmates
when they worked on activities, students in strredgroups provided elaborated help in a manner to
facilitate each other’s learning. Results regardiegrning, furthermore, indicated that students in
structured groups outperformed their counterpartsiistructured groups. Even more, students in
structured groups perceived their groupmates a® miling to help each other and promote each
other’s learning as a group than students in ucistred groups. The study concluded that students
learned better, involved more in elaborated helthvdach other, promoted more each other’s
learning, and formed a stronger group cohesion hwhésults in higher willingness to work with
others when they worked in structured cooperatreegs as compared to students did in unstructured
cooperative groups.

Gillies (2008), furthermore, investigated the effeof structured and unstructured cooperative
learning experiences on junior high school studdrgtkaviors, discourse, and learning as they worked
on a science problem-solving activity. The researctescribed experimental conditions as structured
and unstructured regarding the presence of bammegits of cooperative learning. Students worked in
unstructured groups, for instance, were not link#drdependently around the task and were not
informed on any small group skills required foreffective cooperative learning. Of 164 grade nine

students, 77 of them were assigned to structuregerative learning groups and the remaining 87
students were placed to unstructured cooperatiamileg groups. Students were assigned either to
structured or to unstructured cooperative learrgngups through stratified random sampling in a

manner to make each group involving one high-achgegtudent, two medium-achieving students,
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and one low-achieving student. Four kinds of mezsuwere used to collect data on students’
behavior states, verbal interactions, cognitivegleage strategies, and science understandings. The
duration of the study was four to six weeks andrafte second week, students were videotaped when
they were working in their groups on science atiéigi and one to two weeks following the group
videotaping session, students took the scienceepgolestionnaire as an indication of understanding.
The results of the study indicated that studenthimwistructured cooperating groups behaved more
cooperatively, on-task, and group focused, gaveenwaborated help to each other, made more
evaluative statements instead of repetitive comsefthe dominant discourse observed in
unstructured groups) which was the indicator ohbigevel thinking, and learned more than students
did in unstructured cooperative groups. The researémplied that cooperative efforts should be
structured and applied according to the basic eisnef cooperative learning, otherwise, cooperative
efforts cannot be admitted as an innovation buiatfe for teachers’ convenience solely.

In another study, McGregor (2008) analyzed theuarice of task structure on students’ learning
processes in the arena of case studies in secoadaopl science. The researcher hypothesized that
the structure of the task has an impact on theraaifithe social interactions in the group which in
turn effect cognitive gains. Four schools were ctel purposively among the UK schools in which
72 students were randomly assigned to one of tfee thxperimental conditions. Single-sex triads of
students worked together to solve the task conegremmbustion of a candle which was differentially
structured (or scaffolded) as; open (no structunethsk support), partially structured (some irktas
support), and prescriptive (highly structured iskt@upport). Teachers did never intervene in any of
the case rather scaffolding was controlled by treams of three instruction sheets, prepared in a
manner to include only a description of the problarthe open task, description of the problem with
critical suggestions to consider in the partiaijustured task, and description of the problem with
step-by-step instructions in the prescriptive t&xKerentially scaffolded tasks were solved by gpe

and responses were examined as a series of calessta be able to realize whether or not the
cooperative practice was effective. Besides to stendardized tasks for collecting data, non-
participant observations were carried out whileugio completed tasks by the aid of video camera
with desktop microphone. The results of this gaéiie study revealed in general that structure of
group task has an effect on both the nature andnexif social interaction through which may
influence the cognitive outcomes. The researchacloded that prescriptive tasks prevent transactive
discussions and spontaneous socratic evaluatioprafesses and outcomes during group work,
whereas students involved in more frequent expiamsibf the evidences and results of the task under
discussion as compared to students in other conditince the instruction sheet directed students t
solve the problem in a step-by-step manner. Wherking together on prescriptive tasks, students
mostly approved ideas of high-status members idstéguestioning each other’s points of view and
suggesting alternatives for the resolution of whete¢he task covers. In other words, members were
not encouraged or encultured into coming out agalivergent opinions and they did not approach
each other intellectually conscious but rather abciemotional. Students who have studied on
partially scaffolded tasks, on the other hand, gaddan more creative, critical, and evaluative wafys
thinking about the task, however even with soméssafr scaffolding, the type of talk among students
was not mostly exploratory in nature. Completingtipfly scaffolded tasks took the longest time and
that of prescriptive ones required the shortese ttm complete. Students studied on open tasks, as
compared to students did with prescriptive andigirtscaffolded tasks, generated a wider range of
talented ideas and collected not only quantitaltivealso qualitative evidences through which more
questionable solutions were produced, whereasdhtyot involve in exploratory talk since they did
not widen thinking behind their talented ideas.

Moreover, Buchs, Gilles, Dutrévis, and Butera (20tdnducted a study on second-year social
psychology students to be able to conclude on tigoiog debate concerning whether or not the
effectiveness of cooperative learning depends ositipe reward interdependence. The research
problem was grounded on the interaction betweenwbetypes of interdependence, namely resource
and reward interdependence. In other words, theqser of the study was to investigate the
interaction between resource and reward interdepreralwhich gave chance to interpret under which
conditions reward interdependence has an influemckearning. For that purpose, two experimental
conditions were manipulated in a manner to formddyé.e. two-member cooperative learning
groups) working with their partners within eithersitive reward interdependence condition (in which
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dyads were assessed with regard to their commah ¢évmastery on a multiple choice test) or reward
independence condition (where dyads were assess@raing their individual level of mastery on
the same multiple choice test). Both of the reweodditions were also manipulated as students
working with identical information (resource indeplence condition and viewed as a routine task) or
complementary information (positive resource inggrehdence condition and considered as a true
group task). In brief, 32 students were assignegdsitive reward interdependence condition and
among them, 20 students studied on identical inddion and 12 students worked on complementary
information. Likewise, 30 students were assigneceteard independence condition and of them, 12
students studied on identical information and 18lehts worked on complementary information.
Other types of positive interdependence were heittant in both of the experimental conditions to
control the effects of any extraneous variableshss positive goal interdependence (studentstim bo
of the reward conditions were informed on the in@oce of learning as a group) and positive role
interdependence (dyads in both of the reward cmmditwere assigned as summarizer or listener).
The results of the study revealed that interachetween the reward interdependence and resource
interdependence was significant which was integateis positive reward interdependence is
necessary to be structured when students work emtichl information, whereas both of the reward
conditions result in same level of mastery if treune of the task at hand is complementary. The
researchers concluded that efficacy of positive arewinterdependence depends on whether
information provided through is routine or a graagk which is in the same line with what Cohen
(1994) concludes.

Unlike studies which examined the effects of stiriog certain group dynamics on various learning
outcomes in face-to-face learning environments, Nauth Zellner (2011) investigated the effects of
positive interdependence and group processing wiest achievement and attitude via e-learning
system. 144 undergraduate students in three uitiesrsn South Korea participated in the study. All
of the participating universities had an operatimjine course management system which was the
necessary infrastructure for conducting the stdde experimental conditions were manipulated as
“positive interdependence group”, “group procesgiyngup”, and “no structure group”, all of which
included 48 students. Before study commenced nteuctors have been informed by the researchers
on the principles of cooperative learning and teankvskills in general. Two instructors, who were
responsible to teach students within the posititerdependence and group processing conditions,
have been trained on additional issues regardiadythes of positive interdependence (goal, reward,
role, and resource interdependence) and how tactateu positive interdependence and group
processing during implementation. Informed instust in turn, organized a workshop at the
beginning of the course to share the informatidiateel to the general principles of cooperative
learning with students. Detailed information comieg positive interdependence and group
processing components of cooperative learning, lm dther hand, submitted as a guideline
exclusively to the students of interest. All of ttieee experimental groups were divided into small
groups of four people to make them work togethehiwithree weeks, that is, each of the positive
interdependence group, group processing group,nanstructure group were made up of 12 small
discussion groups for three-week period. All of #mall groups submitted a group report regarding
what they have studied on with their groups onldisé day of the third week. The group reports were
evaluated by the means of a rubric and the sameseeere assigned to all members of that group
which accounted for 60 % of the final course grablee remaining 40 % of the course grade was
determined on the basis of each student’s individwiemtribution to the group report and the
discussion sessions. In other words, the final smgrade was assigned according to both common
and individual scores. In addition to achievematttiudes of students were evaluated by usinges fiv
point Likert-type scale at the end of the threekvperiod. The results of the study indicated that
cooperative learning affects students’ achievenmgitively when the basic components were
structured. Of two types of basics under examimatistudents in the group of positive
interdependence outperformed students in the gobgwoup processing. The researchers concluded
that there were no significant difference amongletis involved in any of the three groups on their
attitude scores.

In their exploratory study, Bertucci, Johnson, &a#imand Conte (2011) analyzed the effects of task
and resource interdependence on achievement ama sapport (both academic and personal). The
researchers manipulated three experimental conditioy holding positive goal interdependence
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constant within two of the cooperative learning ditions, that is, one of the condition included
positive task and goal interdependence, the secondition involved positive resource and goal
interdependence, and the last condition made ugtuafents working individually. The participants
were 66 seventh grade Italian students and had befere been involved in any cooperative learning
practice. The study was conducted during the wifitdcohol, tobacco, and drug abuse each of which
require two instructional sessions and one achiewngrest, that is, there were six instructionataini
and three achievement tests assigned at the erghalf unit. In addition to achievement, the
Classroom Life Measure was assigned to all pagitip both as a pretest and posttest to investigate
whether task interdependence, resource interdepead®r individual working has an effect on
personal and academic support. The results indicdtat students in both cooperative learning
conditions (i.e. task interdependence and resoimteedependence) outperformed the students who
worked individually. Although there were no sigodnt differences between the two cooperative
conditions concerning achievement, there was amdiffce in terms of the rate of success. More
specifically, task interdependence resulted in igkgatart on achievement as compared to resource
interdependence which requires more time to beiénfiial on achievement since it scatters attention
of students from taskwork to teamwork that in ttesults in higher achievement. The results related
to social support are twofold; first, students wittask interdependence and resource interdepeadenc
groups perceived more positive academic supponmn ftbeir peers than did students working
individually and there were no significant diffeoes between the two conditions of cooperative
learning and second, students within the resounterdependence group perceived more personal
support from their peers as compared to task iapeddence group and individually working
students. Correspondingly, the researchers sughtesdehers to structure either task interdependence
or resource interdependence to develop academiposu@mmong students, whereas establish
especially resource interdependence when they waspromote personal support among group
members.

More recently, Bertucci, Johnson, Johnson and C@&ti#&2) examined the effect of group processing
on achievement and perception of personal and atadsupport in elementary inexperienced
cooperative learning groups. Of 61 third-, fourtld fifth-grade Italian elementary school students
30 of them randomly assigned to the cooperativenieg with group processing condition and the
remaining 31 students assigned to the cooperataming without group processing condition. None
of the participants (neither teachers nor studdrad)before been involved in any cooperative l@ayni
practice. Students within three-member groups voglether in five instructional sessions concerning
science, history and Italian (literature and gramyrsabject areas during three weeks period. Before
each instructional session, the researchers gafeniation about the importance of positive
interdependence and individual accountability tbcdlthe participated students when they work
together. After each instructional session, funtieme, students in both of the experimental conaiio
(group processing and no group processing) tookclmevement test to be completed individually.
All of the procedures up to here were the sameébfith of the experimental coditions whereas there
was a difference after students have completediihakl tests that students in the group processing
condition were assigned a processing questionraireomplete but students in the no group
processing condition have not received that questive. Besides to achievement variable, the study
investigated also the influence of independent ttmm$ on perception of personal and academic
support for which the Classroom Life Measure watriiuted to all participants both as a pretest and
posttest. The results of the study revealed thapetive learning with group processing resulted i
higher achievement solely after the first thredstemmpared to the performance of group without
processing which was interpreted by the researcaerns may take time or require experience for
group processing to positively affect achievemaihie results of the study, moreover, indicated that
group processing does not have an effect on teaxt&tudent personal and academic support within
three-week intervention period. As a result of feetive results drawn upon group processing on
teacher or student personal and academic suppartyesearchers suggested that it may be the
promotive interaction component of cooperative rgay that influence personal and academic
support instead of group processing. The study estgd teachers to include group processing in
cooperative learning practices to be able to résdgher achievement.
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2.4.5.Cooperative Learning and Conceptual Change

Conceptual change, one of the approach that ifieesaconstructivist theory, has long been
suggested in science as the most powerful way ahimgful learning through overcoming alternative
conceptions (Hewson & Hewson, 1983; Hand & Treagli8®1; Treagust, Harrison, & Venville,
1998; Tsai, 2000). Posner et al. (1982) describmad students change their alternative conception
with that of scientific conception as emphasizihg tmportance of students’ prior knowledge and
introducing four conditions necessary for recefibrimation to possess. In particular, they stated th
students change their alternative conceptions df amly if new information contradicts with what
students hold in their minds which stimulates theearch for the ways of understanding that
information if it is intelligible, plausible, andditful. Therefore, it is obvious that the initisiep for
students to understand new information is to crésdening environments where students have a
chance to make their internal speech public whitbnocause facing with divergent thoughts, the
most fundamental means of intellectual disagreer{@ehfar et al., 2010). Vygotsky (1978) stated
that individuals’ potential cognitive developmeavé¢l increases when they have a chance to interact
with peers and the teacher as such a case enahtegis to raise the sound of what they have inside
of their mind. Besides to the importance of briggimternal speech out, Vygotsky believed that
students become self-regulated when they work begetp to the level of professionalism which can
be described as the qualification level of doing #ame job without the aid of others. In brief,
cooperative learning is an exceptional strategyctvténcourages conceptual change by providing
learning environments where students put forwawerdient viewpoints, question their own beliefs,
help each other find new insights to be satisfiéith wontradicting information, and assist each pthe
to learn the assigned material meaningfully (Johr&dohnson, 1979; Webb, 1997), which is not the
case when students working alone in competitiveiadividualistic learning environments (Johnson
& Johnson, 1999). The power of making students kepee disagreement is especially
overwhelming when members realize that they haeeramon goal which can be achieved if and
only if all members of the group are to be sucedssfohnson and Johnson (1999) reported this
situation as “the greater the positive interdepandewithin a learning group, the greater the
likelihood of intellectual disagreement and corfiienong group members” (p. 87). Well-structuring
positive interdependence in cooperative effortaterea learning context in which members do not
only try to learn the assigned task but also steigg make sure that every members of the group
master on task. Positive interdependence is the béaooperative learning such that there is no
cooperation unless positive interdependence ishyffirstructured, whereas this does not mean that
positive interdependence is the adequate conditivsha qualified cooperative learning group.
Actually, the importance of interpersonal and sngatlup skills cannot be disregarded since students
cannot be able to cooperate with other group mesndied complete taskwork unless they have taught
teamwork skills (Johnson & Johnson, 1999). When b of a group experience intellectual
disagreement concerning the task they work onjrfstance, whether or not that conflict results in
higher conceptual understanding became definiteordowy to how the conflict is resolved,
constructively or destructively. If members areeatd manage conflict constructively, it facilitates
ambiguity on coherence of opinions which servesiasrousing vehicle for more information that
results in frequent use of higher-order thinkinglsland greater mastery and retention of the nelter
under examination.

Behfar et al. (2010), on the other hand, suggeizidit is beneficial to distinguish among intragpo
conflicts which are task, relationship, and processflict (includes logistical and contribution
conflict) since each type of conflict has effects different outcomes. The researchers claimed that
logistical conflict arises when there is a shortaggong members regarding how to manage and use
resources (e.g. division of labor, time and reseumanagement) to achieve the assigned task asd it i
the logistical conflict which is detrimental to ftbge interdependence and performance on task. They
further argued that task conflict, “an awarenesglifferences in viewpoints regarding the group’s
task” (p. 158), has positive effect on commitmentask, but not on performance of students on the
task. They concluded that task conflict has noaliedfect on students’ performance but mediated by
other variables, such as the nature of task undsruskion: tasks involving challenging and
unstructured items that give students flexibilioydomplete are viewed as potential means to task
conflict, whereas routine and structured taskshateconsidered as conflicting ones. In additiothe
task-related conflicts (logistical and task coriflicBehfar et al. (2010) examined the effects of
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contribution and relationship conflict which aretegorized as affective conflicts that reflect
psychosocial aspects of teamwork. Both of the dmuiion and relationship conflicts are viewed as
result of not managing task and group process Wit. contributing to the group’s task (e.g. free
riding), supression of disagreements by the dontimember of the group, or deficiency of respectful
and effective communication cause feeling of disfattion among group members and lessened
enthusiasm for and commitment to the group. Infpridien basics of cooperative learning are not
well-structured, certain types of conflicts ariskieh may threaten cognitive outcomes (i.e. theotffe
of logistical conflict) and affective outcomes (itee effect of contribution and relationship cantjl

The relationship between motivation and cognitiod ¢he moderating role of classroom contextual
factors between motivation and cognition were maxaicit by Pintrich et al. (1993). They believed
that students’ prior knowledge affects how theyngjea their alternative conceptions with that of
scientifically correct explanations as Posner asctblleagues (1982) suggested, whereas they furthe
believed that examining only the effects of cogmitifactors on conceptual change limits
understanding of the whole process of conceptuahgb. Motivational beliefs are reported as the
important predictors of conceptual change whoseaatgpcan be fostered when students interact with
peers and the teacher. More specifically, cooparadiarning settings enable students to interaitt wi
peers and the teacher that may results in highaivation, which in turn facilitates the process of
conceptual change. The effects of learning contdetsigned on the basis of basics of cooperative
learning on motivation were discussed deeply inntlogivation part of this dissertation.

To conclude, conceptual change is to be promotezshvidasics of cooperative learning are structured
firmly in a manner to inform students on teamwokltls necessary for the feeling of “all for one and
one for all”. Working together on tasks which arad® up of possible alternative conceptions
regarding the topic of interest act as potentialireses of divergent thinking and intellectual
disagreement through which students’ performancéask and commitment to the group’s task can
be promoted. Students in structured cooperativaileg groups interact on tasks which does not only
result in greater mastery but also greater motwatboth of which have crucial impacts on the
process of conceptual change. Conceptual changievuged as one of the remarkable approach to
meaningful learning of scientific concepts, coofigealearning is a desirable learning environment
that results in multiple development (cognitivefeafive, social) of students, and the combinatibn o
conceptual change and cooperative learning is hopestrve as an overwhelming intervention on
grade nine students’ understanding the conceptsxdfires and their motivation.

2.5. Motivation

Conceptual change models focusing solely on the eblstudents’ prior knowledge in their learning
process stifle in explaining students who have ssmgy prerequisite knowledge, but do not excite tha
knowledge for learning tasks (Pintrich et al., 193nder such a circumstance, affective domain
engages in expressing the reasons of not beingvewan the learning tasks. Among affective
constructs, the arena of motivation in educatioesgecially so extensive, that is shaped by various
theoretical frameworks since 1930s (Weiner, 1998 common theme regarding what motivation is
emerges from its name which implies a driving foncaking individuals to act (Eccles & Wigdfield,
2002). Specifically, however, many definitions oftimation are introduced as a result of researchers
internalization of distinct theories of motivatiowhich reflect either a pure perspective (e.g.
behavioral, humanistic, sociocultural, and cogeititheories), or a dual-perspective (e.g. social
cognitive theories). Pintrich and Schunk (2002)cdésd motivation as the “process whereby goal-
directed activity is instigated and sustained” §j. that includes several assumptions of the social
cognitive theories of motivation. In particular, tivational beliefs are not inherent traits as psgzb

by traditional views of motivation, but rather maidirs of learning process which can be developed
by the means of contextual factors (Pintrich et #93; Duncan & McKeachie, 2005). Furthermore,
motivational beliefs are assumed to direct studémtsard achievement goals, which are cognitive
representations having direct associations withieseiment behaviors through which the actual
academic performance can be predicted (Pintriclalet1993; Pintrich, 2000). In other words,
students’ actual performance can be inferred frioair tachievement related behaviors (e.g. choice of
task, persistence at task, engagement to deepsurtace level cognitive strategies, and use of
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metacognitive and self-regulatory strategies), Whice initiated by promoting effects of motivatibna
beliefs (Pintrich & De Groot, 1990; Elliot & McGreg 2001; Pintrich & Schunk, 2002).

While motivation literature suffers from being uf@bto have a single view covering every
dimensions of the phenomenon (Bong, 1996), theabatignitive theories of motivation seem to
capture components of motivation more comprehehsibat signalize theoretical understanding of
motivational constructs. Researchers, who adapréfieal framework with regard to social cognitive
perspective on motivation, suggest three main rattimal components (Pintrich & De Groot, 1990;
Pintrich et al., 1991): expectancy, value, and cfffhe expectancy component of motivation
involves constructs related to students’ beliefouabtheir efficacy to accomplish a task and
perceptions of control over their learning. Theugatomponent, on the other hand, deals with why
students contribute to the learning tasks that iob®th achievement goals and beliefs regarding
importance, interest, utility, and cost of acadetagks. The final component of motivation focuses o
affect which contains not only worry but also ernntiaspects of test anxiety. Particular constructs
offered by Pintrich et al. (1991)-self-efficacy ft@arning and performance, task value, control of
learning beliefs, and test anxiety-and the achimrgngoals extended by Elliot & McGregor (2001)-
mastery approach goals, mastery avoidance goatfrp@ance approach goals, and performance
avoidance goals-are within the scope of this diatien, all of which are reported in detail through
explaining two grounded theories of achievement ivatibn: expectancy-value theory and
achievement goal theory.

2.5.1.Expectancy-Value Theory

Contemporary expectancy-value theories are thendgtk versions of Atkinson’s expectancy-value
model (1964, as cited in Eccles & Wigfield, 200Expectancy-value theorists assumed that actual
achievement or achievement related behaviors caanbeipated through examining two important
aspects of motivation: expectancy and value, bétivtich include several motivational constructs
inside. Within their expectancy-value model, Ecclets al.,, (1983) made distinction between
expectancy and value beliefs in such a way that ftrener are relatively related to actual
performance, whereas that of the latter are agsociaore with achievement related choices.

Expectancies for success can be defined as “indisd beliefs about how well they will do on
upcoming tasks, either in the immediate or longemt future” (Eccles & Wigdfield, 2002, p. 119).
These future-oriented beliefs are viewed as effiocaxpectations instead of outcome expectations,
which are the expectations considered by Bandu®&7)l as the key expectancy beliefs of goal
orientation, task selection, and persistence. &étfacy and control beliefs for learning are twichoee
efficacy expectations, that cover students’ peioept about acting the behaviors required for
generating the outcome (Pintrich et al., 1991; &d& Wigfield, 2002). Schunk (1985, as cited in
Pintrich et al., 1993) described self-efficacy efdi as representations of students’ provisions
regarding their academic abilities to succeed spexcific task. A student may possess higher lexels
self-efficacy within a learning context, but theid#nt may own lower levels of self-efficacy in
another setting. In other words, self-efficacy &fsliare sensitive to situational factors (Pintecthal.,
1993). Having higher levels of self-efficacy bediefior learning and performance is found to be
positively associated with persistence, mastery goantation, cognitive engagement, and academic
performance (Pintrich & De Groot, 1990; Hoy, 20@ungur, 2007). Control beliefs for learning,
furthermore, can be described as beliefs abouthenetudents retain control over their own learping
or students’ perceptions of whether the outcomg@eformance is a result of their own efforts or
dependent on external factors (e.g. the teachamrigh et al., 1993; Duncan & McKeachie, 2005).
Locus of control theorists have separated conteliefs into two: internal control and external
control. Connell (1985, as cited in Eccles & Wi¢ie2002) added unknown control category which
is detrimental for motivation to learning sincerdéfers to not knowing the reason of success and
failure. When students believe in their competeactkonomy, and relatedness (Connell & Wellborn,
1991, as cited in Eccles & Widfield, 2002), thelf@ sense of internal control over their own
learning which make them intentional learners, wdre excited to learn academic tasks more
conceptually (Bereiter, 1990). To sum up, studepassessing higher levels of self-efficacy and
internal control over their own learning are moeady to learn academic tasks, or reach specific
goals.
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Although students believe their cognitive abilitiead they have a chance to control their own
learning process, they may not learn more as altreé$unot having challenging purposes to
accomplish the task, or not valuing it (Eccles &gfiéld, 2002). In other words, it is the combinatio

of expectancy and value beliefs, that makes expegtaalue theory a powerful framework for
expressing students’ achievement motivation. Bathl grientation and task value beliefs contribute
to provide explanations for reasons or purposdsofg engaged in achievement tasks, whereas they
are distinguished from each other in terms of tkter@ of stability over domain and time. In
particular, task value beliefs refer to more affertand personal traits, but achievement goals are
cognitive and relatively task and context-bound nature (Pintrich et al., 1993). While value
component of motivation is made up of goal and tasdke beliefs, solely the latter are explainedceher
for the sake of simplicity and relevant scope ddldeliefs with the achievement goal theory.

Feather (1988, as cited in Eccles & Wigfield, 20@2scribed task value beliefs as “a set of stable,
general beliefs about what is desirable” (p. 12f)d introduced two sources of them: norms of
society and core psychological needs of individuatsles et al., (1983) widened the meaning of the
term through outlining four components of task ealattainment value, intrinsic value, utility vajJue
and cost value. Attainment value refers to studentsrpretations of how much the task addresses
their self-worth or self-scheme (Pintrich et al9938; Eccles & Wigfield, 2002), that is, perceiving
performing well on the task as important (e.gsitmportant for me to learn the concepts in chamist
course). Students perceive the task (or domairipgitally valuable when they like dealing withat,
have an interest in doing it (e.g. | am very inséed in the content area of chemistry) (Eccles &
Wigfield, 2002). Students view the task extrindicalaluable, on the contrary, when they behave
under the control of sense of usefulness of ttekt itathe immediate or long-term goals (e.g. | khin
will be able to use what | learned in chemistryther courses) (Eccles & Wigfield, 2002). Another
decision making mechanism is related to cost issuesich students compare gainings (achievement
related behaviors) and outgoings (amount of eféortl time), through which possible outcome is
interpreted and evaluated by students (e.g. ibikhwhile to learn the subject matter of chemisthy)
brief, students perceive tasks as valuable whekstase important, interesting, useful, or cost-
effective for them, that results in higher cogrétigngagement in turn (Pintrich & De Groot, 1990;
Pintrich et al., 1991).

2.5.2.Achievement Goal Theory

Achievement goals are cognitive representationsntentions students possess to choose, effort,
persist, and engage in an achievement context (Ab®R; Pintrich, 2000; Pintrich & Schunk, 2002).
Accordingly, achievement goal theory deals withdstits’ reasons of being involved in various
avhievement behaviors through investigating theialgorientations. Achievement goal theorists
introduced two goal orientations, initially, witHternative labels: task-involved and ego-involved
goals (Nicholls, 1984), learning and performancealgdDweck & Legett, 1988), task-focused and
ability-focused goals (Maehr & Midgley, 1991), omstery and performance goals (Ames, 1992).
Although “task-involved”, “learning”, “task-focus&dand “mastery” goals are used interchangeably,
they have varied meanings on the theoretical {&sigrich, 2000). In contrast to more robust nature
of learning goals, mastery goals are relativelyifile that may be oriented alternatively in distinc
contexts (Ames, 1992). For instance, students mentomastery goal when they have a chance to
interact with peers and the teacher while learairpallenging task, whereas adopt performance goal
if they compete with each other for deserving atemmal reward (Pintrich et al., 1993). Students who
adopt mastery goals are oriented toward learninfpe@task and making an effort to develop level of
competence, students who orient performance goalshe other hand, try to surmount others and
show superior competence to be the best (Ames,;1R@®ich, 2000). Research studies reported
adaptive achievement behaviors as a result of myagtal orientation, such as use of deep processing
strategies necessary for conceptual change to happéle less adaptive ones as a result of adopting
performance goals, like use of superficial processtrategies (Ames, 1992; Pintrich et al., 1993).

As a result of inconsistent results considering itimpact of performance goals on achievement
behaviors, Elliot and Church (1997) introduced apph-avoidance dimensions of performance goals
by claiming different outcomes emerge as a redulying to accomplish a task and making efforts to
begging from failure. Elliot and McGregor (2001)yrthermore, developed the most recent
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achievement goal framework in which associationgwbéen mastery-performance goals and
approach-avoidance goals were made explicit thrdiggiing out definition and valence dimensions
of competence, that was defined in terms of thadstad used to assess performance. According to
Elliot and McGregor (2001), students adopting mgstgoals perceive their competence as intra-
personal (own past performance) or absolute stdsd#éine necessities of the task itself), as opposed
to students orienting performance goals who defiredr competence as normative standards (the
performance of others). Moreover, “competence len@ed in that it is either construed in terms of a
positive, desirable possibility (i.e. success) onemative, undesirable possibility (i.e. failurg).
502). Positively valenced competence was anticiptteencourage emergence of approach dimension
of both mastery and performance goals, negativelenced competence, in contrast, promotes
avoidance aspect of mastery and performance gBGaissing two dimensions of competence (i.e.
definition and valence) produces four achievemeaisy mastery approach goals, mastery avoidance
goals, performance approach goals, and performavgielance goals (see Table 2.3). The properties
each goal orientation possesses can be inferred iroere they are situated in the achievement goal
framework of Elliot and McGregor (2001). In partigy mastery approach goals focus on meaningful
understanding of the task and self-improvement,temasavoidance goals reflect a perfectionist
manner that activate students to avoid any miswwtaledings, performance approach goals focus on
trying to be the best performer that requires spengart of energy to follow the performance of
others, and performance avoidance goals represgng tnot to be the owner of worst grade and
avoiding looking fool (Pintrich & Schunk, 2002).

Table 2.3 Two dimensions of competence and fouieaement goals

Absolute/Intra-personal Normative Standards

Standards
Positive Valence Mastery Approach Goal Performakmeroach Goal
Negative Valence Mastery Avoidance Goal Performaiamdance Goal

Regarding intercorrelations among these achievegeals, Elliot and McGregor (2001) claimed that
goals having common dimensions associate with etiwr. For example, mastery approach goals are
hypothesized to be correlated with mastery avoidagwals and performance approach goals, since
they share same standards of competence with masteidance goals, and same valence of
competence with performance approach goals. SuagdrSenler (2009), on the other hand,
concluded that all of the four achievement goadssignificantly associated with each other. Regearc
studies consistently indicate adaptive achieverhehawiors as a result of adopting mastery approach
goals, such as high levels of self-efficacy, deemm@ssing strategies required for conceptual chemge
happen; and maladaptive patterns of behavior asudtrof performance avoidance goals, like sense of
worry and emotionality, surface processing str&egind disorganized study strategies (Pintrich et a
1993; Kaplan & Midgley, 1997; Elliot & McGregor, @0; Sungur, 2007). Sense of worry and
emotionality are the two components of anxiety stid cope with during tests. Emotionality
component of test anxiety is closely related taletus’ physiological states, one of the major sesirc
of self-efficacy suggested by Bandura (1977). Adowg to Usher and Pajares (2008), negative
emotional states (e.g. anxiety, fatigue, stressjrde performance by diminishing self-efficacy in
contrast to positive physiological states, whickuit generally in higher self-efficacy and more
positive outcomes. Wolters, Yu and Pintrich (1996)thermore, found that extrinsic goal orientation
was positively associated with junior high schaoidgnts’ test anxiety. Interestingly, Sungur (2004)
concluded that although non-significant, studert® were instructed by problem based learning had
higher level of test anxiety, as compared to sttgleaught with traditionally designed biology
instruction. In brief, classroom contextual facttagoring adoption of mastery goals are successful
provide necessary conditions for conceptual chandake place (Pintrich et al., 1993). It is assdme
in this dissertation that cooperative learning emwinents encourage students to orient mastery
approach goals through which alternative conceptioegarding the concepts of mixtures are
overcome and motivation to learn is raised.
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2.5.3.Motivation, Cooperative Learning and Conceptual Chage

To date, considerable influences of motivationdielfie as well as cognitive factors on the procefss o
conceptual change are almost universally acceptadng education researchers. As a result of
realizing remarkable effects of motivational bediedn conceptual change, researchers designed
various studies to investigate correlations betwemtivational constructs (e.g. achievement goals,
self-efficacy, control beliefs, test anxiety, tagiue) and cognitive, metacognitive, and self-ratpry
strategy use (e.g. elaboration, organization, ptapymmonitoring, regulating) (Pintrich & De Groot,
1990; Strike & Posner, 1992; Kaplan & Midgley, 19910isho, Pintrich, & Coppola, 2003; Sungur &
Senler, 2009). These research studies found thdéests, who possess high levels of self-efficacy to
understand scientific concepts; approach scienceugin adopting mastery goals; have internal
control over their own learning, perceive tasksngsortant, interesting, useful and cost-effectiarg
have lower levels of test anxiety, engage in demmgssing strategies which in turn promote
conditions required for conceptual change to ochubrief, it is not adequate to explain the whole
learning process by focusing solely on the cogaifiactors, but inserting a link between cognition
and motivation and suggesting moderating contextsviiich students’ motivational beliefs and
conceptual change are promoted (Pintrich et a@3)1.9

Although there are various research studies exairélationships between motivational beliefs and
cognitive strategy use, the relevant literature sdoet accommodate plenty of studies offering
appropriate learning contexts for promoting thekdige between motivational constructs and
conceptual change process. However, it is espgcialportant to introduce divergent learning
environments in order to guide practitioners howytltan achieve better conceptual learning and
increased motivation in the science classrooms.odlingly, the learning framework of this
dissertation assumes that learning environmentgrevthe basics of cooperative learning are well-
structured, encourage conceptual change procesadaqutive motivational beliefs. The cognitive
aspect of conceptual change approach and itsaoe$atvith cooperative learning were made explicit in
the previous parts, then it is necessary to haelwse look at the relationship between cooperative
learning and motivational constructs, or discusav hmotivational constructs are shaped by
cooperative learning settings.

Pintrich et al. (1993) proposed that conceptuahgbgorocess is influenced by the moderating effects
of classroom contextual factors on motivationaldigl In particular, certain motivational constiuct
(e.g. achievement goals, self-efficacy beliefs) syesensitive to the nature of learning environsent
where the likelihood of conceptual change may mmoted or inhibited. They claimed that tasks
which are optimally challenging, open-ended, anthted closely with real life circumstances;
instructional strategies depending heavily on végsr interaction between students and the teacher;
learning settings where students take responsilafitheir own learning through being centerechia t
learning process; and evaluation procedures progiotiooperative goal structure instead of
competitive and individualistic goal structurescifisate approaching science through adopting
mastery goals and developing higher levels of afifacy to comprehend scientific concepts. These
claims can be interpreted as students may adoferelit motivational beliefs in different times and
contexts similar to lowering and raising the statfi&knowledge structures according to the context
they are in (Pintrich, 2000). In other words, stidemay have multiple motivational beliefs and
decide on which orientation to activate with regaodthe information available to them in the
environment. Pintrich (2000) exemplified that “ad#nt may activate a performance goal orientation
in a highly competitive classroom situation...Imtrast, the same student may activate a mastety goa
orientation when they are learning chemistry indiislly in a different, less competitive context” (p
102). Moreover, instruction that is planned on Hasis of conceptual change condition does not
guarantee that students overcome alternative ctinospand learn scientific concepts meaningfully,
when it does not fall into individuals’ zone of ghmal development. In such a case, additional facto
should be inserted to widen students’ zone of pnakidevelopment, such as arousing appropriate
self-efficacy beliefs (Pintrich et al., 1993), awdrking together within small groups (Slavin, 2009)
Taken together, it is obvious that cooperativerlggy environments, in which students work together
in small groups through interacting readily witleithpeers and the teacher, control their own Ieagni
promote each other’s learning on challenging takkly each other resolve cognitive conflicts, is an
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exceptional instructional strategy that promotesvation of adaptive motivational constructs and
conceptual change process.

Cooperative learning is viewed as one of the sucstaries of recent educational history since it
results in higher cognitive, affective, and socialcomes, when the basics are well-structured {iglav
1996; Johnson & Johnson, 1999). Motivation is ohthe affective variable that is found consistently
by researchers to be increased as a result of catoe learning practices, which is assumed to
promote both cognitive and social student outcomeirn (Pintrich et al., 1993; Ddrnyei, 1997).
Structuring basic elements of cooperative leariéngrucial not only for achievement gains but also
for motivational yields. As being at the centercobperative efforts, positive interdependence és th
key component to be established since it createdfgiation that joint efforts are extrinsicallp the
basis of motivational perspectives) or intrinsigalbn the basis of social cohesion perspectives)
valuable to attain group’s goal. Slavin (1996) exfathat rewarding groups based on the individual
learning of every group members motivates studémtsepresent peer norms fostering academic
achievement, to help each other learn the mateaiad, to supply reinforcements for encouraging
efforts to accomplish group’s goal, as opposechéodompetitive and individualistic goal structures.
Since STAD method of cooperative learning attrisigehievement outcomes to group goals or group
rewards based on individual learning of every growgmbers of cooperative learning, it can readily
be applied to increase students motivation to ldarcontrast to Slavin (1996), Johnson and Johnson
(1999) assumed that it is not rewards, but “workingether and joint aspirations to achieve a
significant goal” (p. 188), that motivates studetitshelp each other’'s mastering the task and praise
joint efforts. Positive interdependence and the lsigeoup style promote emergence of group
cohesiveness, or “the strength of relationshipifigkthe members to one another and to the group
itself” (Forsyth, 1990, p. 10), which is a powerfukdiator of student motivation to learn (Dérnyei,
1997). Students within a highly cohesive groupsjdemntly interact with each other on task-related
concerns, care each other on the personal levé&form a warm group climate in which students feel
less anxiety but a sense of autonomy to contribatthe group’s goal (Doérnyei, 1997). As noted
previously, positive interdependence increasespttodability of cognitive conflict which directs
students to search for more information to be Badisvith the new knowledge. In brief, intellectual
disagreements are strong sources of conceptuagetiband only if they are managed constructively.
Otherwise, conflicts become powerful counterproest damaging student motivation to learn by
negatively affecting coordination among group mermsp&ommitment to the group’s goal, and
satisfaction with and enthusiasm for being togetisea group (Behfar et al., 2010).

2.6. Summary of the Literature Review

The importance of students’ prior knowledge in fi#ag is almost universally accepted among
educators who view meaningful learning as a progesgich students’ existing knowledge and their
new experiences interact vigorously (Ausubel, 1968get, 1950; Posner et al., 1982). As a result of
active interaction between what a student alreatyns and what the student expected to know, the
student assimilates new information if prior knodde is adequate to explain current phenomena,
whereas new information is accommodated when agistognitive structure does not acknowledge
recent information. In assimilation, it can be rigadaid that students’ prior knowledge facilitates
future learning which is not a valid conclusionwaver, in the case of accommodation that is a tresul
of having alternative conceptions and it may impedeoming learning if those conceptions are not
overcome (Hewson & Hewson, 1983; Chandran, Treagstobin, 1987). Posner et al. (1982)
emphasized the role of accommodation in studemisiicg learning through introducing properties
new knowledge should has to make students changje dlternative conceptions with that of
scientific explanations. More specifically, studenhange their alternative conceptions if and d@nly
new information contradicts with what students hioldheir minds which stimulates them search for
the ways of understanding that information if it irgelligible, plausible, and fruitful. In brief,
meaningful learning of scientific concepts can mwved as conceptual change which has long been
suggested as one of the constructivist approaghesience to overcome alternative conceptions
(Hewson & Hewson, 1983; Hand & Treagust, 1991; @usy Harrison, & Venville, 1998; Tsai,
2000).
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Researchers do not focus only on theoretical umdeings but also the ways of applying conceptual
change approach into science classes, that idegiEa promoting conceptual change approach.
Cooperative learning is one of the remarkable umsitbnal strategy that encourages conceptual
change by providing learning environments wherelestts have a chance to hear others’ opinions
which may result in dissatisfaction, the most geneondition for conceptual change to happen
(Webb, 1997). Students in cooperative learning gsoput forward different viewpoints that cause
members to question their own beliefs and find riegights to be satisfied with contradicting
information (Johnson & Johnson, 1979), which is tie¢ case when students working alone in
competitive and individualistic learning environnteiiJohnson & Johnson, 1999). The possibility of
intellectual disagreement increases when memberagie each other’s learning in order to complete
the taskwork and manage task conflicts construgtiw@hen managed constructively, task-related
conflicts result in greater mastery, retention @&mn & Johnson, 1999), and commitment to task
(Behfar et al., 2010). All of the positive effecttcooperative learning, however, emerge exclugivel
when basics of cooperative learning are structureidh are, positive interdependence, individual and
group accountability, promotive interaction, interponal and small group skills, and group
processing. Otherwise, learning groups are labategseudo-learning group or traditional learning
group, neither of which promote cooperation, buhpstition or individualistic learning with talking,
respectively. Conceptual change is an intimatelggested approach for getting away alternative
conceptions and learning scientific concepts megully (Posner et al., 1982; Hewson & Hewson,
1983; Driver & Oldham, 1986) and cooperative leagnis one of the greatest success of educational
history (Slavin, 1996; Johnson & Johnson, 1999 s$frength of cooperative learning based on
conceptual change conditions is hypothesized toabeexceptional way of higher conceptual
understanding and motivation.
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CHAPTER 3

DESIGN OF THE STUDY

Previous chapters presented research problemsoaresponding hypotheses tested against specified
problems, gave definitions of important terms, mamificance of the study explicit, and justified
the essential background of the study through vewig the related literature. This chapter introduce
design of the study, population and sample, vamblhstruments, instructional materials, procedure
treatments, analyses of data collected by the mefasgecified instruments, issues related to irakern
and external validity, and assumptions and linotadiof the study, respectively.

3.1. Research Design of the Study

In this study, the nonequivalent control group @seposttest design was used to evaluate treatments
without random assignment, the major weakness efqghasi-experimental study design (Gay &
Airasian, 2000). The basic assumption of this desgythat the sole reason of difference among
groups is the independent variable if groups amdlai at the pretest in terms of the variable, the
effect of which is measured experimentally, altHougubjects were not assigned to groups by
randomization. As a result of administrative coaisitts to random assignment of the subjects to the
treatment groups, intact classes were assignedetdréatment groups randomly. The experimental
research design of the study was shown in Tablea®hd for what the abbreviations stand for were
presented below Table 3.1.

The concept of mixtures was the unit of interestha study which was covered as planned in the
ninth grade chemistry education program by two 48ute periods per a week in an Anatolian high
school in Isparta in the spring semester of 2011226ver eight weeks. The same chemistry teacher
instructed all of the treatments that have threelfe CLCC, CLCC(-), and TI (see Section 3.7). Eher
were six intact classes and two of them were asdigandomly to SCLG, two of them assigned
randomly to UCLG, and the other two classes wesigasd randomly to CG. More specifically, 60
students involved in the SCLG who were instructg@hCC, 60 students involved in the UCLG who
were instructed by CLCC(-), and 60 students invblvethe CG who were instructed by TI.

The MCT, MSLQ, and AGQ were administered to SCLGLG, and CG as pretests in order to
determine whether there were significant mean diffees among the groups with respect to students’
understanding the concepts of mixtures (pre-MCTHY their motivation (pre-SELP, pre-TV, pre-
CLB, pre-TA, pre-MAP, pre-MAV, pre-PAP, pre-PAV).h& MCT, MSLQ, and AGQ were
administered to SCLG, UCLG, and CG as posttestietermine whether there were significant mean
differences among the groups exposed to variat@insooperative learning based on conceptual
change and traditional instruction with respecstiadents’ understanding the concepts of mixtures
(post-MCT), and their motivation (post-SELP, post;post-CLB, post-TA, post-MAP, post-MAV,
post-PAP, post-PAYV).

Table 3.1 Research design of the study

Groups Pretest Treatment Posttest

SCLG MCT CLCC MCT
MSLQ MSLQ
AGQ AGQ

UCLG MCT CLCC(-) MCT
MSLQ MSLQ

AGQ AGQ
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Table 3.1 (continued)

Groups Pretest Treatment Posttest
CG MCT Tl MCT
MSLQ MSLQ
AGQ AGQ
SCLG: Structured Cooperative Learning Group
UCLG: Unstructured Cooperative Learning Group
CG: Control Group
CLCC: Cooperative Learning based on Conceptuah@a

CLCC(-): Cooperative Learning based on Concep@lginge without Well-Structuring the Basics
of Cooperative Learning

T Traditional Instruction

MCT: Mixtures Concept Test

MSLQ: Motivated Strategies for Learning Questianma
AGQ: Achievement Goal Questionnaire

3.2. Population and Sample

The target population of the study is all gradeengtudents attending Anatolian high schools in
Isparta. The accessible population, the realistioiae for generalizing the results of the study
(Fraenkel & Wallen, 2003), is all grade nine studettending Anatolian high schools in the cenfer o
Isparta. More than twenty percent of the grade stndents enrolling an Anatolian high school in the
center of Isparta constituted the sample of théystwho were selected through convenience sampling
method. Since convenience sampling is one of tieamalom sampling method, the researcher should
include as much information as possible on sammpeacteristics to increase the representativerfess o
the sample studied (Fraenkel & Wallen, 2003). Ameigschools in the accessible population (i.e.
780 students), one of the most crowded school stingi of six classes of grade nine students was
chosen for the study. In particular, the sampl¢hefpresent study involves 180 grade nine students
(98 females and 78 males) instructed by the saraeislry teacher in an Anatolian high school in
Isparta in the spring semester of 2011-2012 ogrtaveeks.

The sample was randomly assigned to one of thee tasperimental conditions according to the
purpose of the study which is to investigate whetygplications of cooperative learning result in
greater understanding of the concept of mixtured motivation to learn, and if yes, under what
conditions cooperative learning practices cause éhhancement. More specifically, two of the six
intact classes formed the first experimental grigp SCLG) in which 58 students (33 females and
25 males) were instructed by CLCC, another twosgasvere assigned as the second experimental
group (i.e. UCLG) where 60 students (35 females 2Bhdnales) were taught by CLCC(-), and the
other two classes were established as the comoolpg(CG) where 58 students (30 females and 28
males) were instructed by the means of TI.

Demographic information was collected to infer egamtativeness of the sample by a questionnaire
established by the researcher (see Appendix C)aghe of the participating students ranged from 14
to 16. The average last semester chemistry cousgeg of the students was 3.4, which can be
interpreted as the participating students wereidtim level in terms of their last semester chemyist
course grades. Table 3.2 indicates frequenciespancentages of structured cooperative learning
group (SCLG), unstructured cooperative learningugr@JCLG), and control group (CG) students’
last semester chemistry course grades. Accordirtbedable, the average chemistry course grades
were 3.4, 3.2, and 3.4 out of 5.0 for SCLG, UCLGJ &G, respectively. The grade three was stated
by 29 students in the SCLG (50 %), and 20 studeritee UCLG (33 %) and CG (35 %).
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Table 3.2 Frequency and percentage distributiostadents’ last semester chemistry course grades
with respect to groups

SCLG UCLG CG
Grade Frequency Percent Frequency Percent Frequenigrcent
1 1 1.7 4 6.6 5 8.6
2 5 8.6 10 16.7 6 10.3
3 29 50.0 20 334 20 34.5
4 14 24.2 21 35.0 15 25.9
5 9 15.5 5 8.3 12 20.7

Table 3.3 presents demographic information reggrditother education level (MEL) and father
education level (FEL) of students, as indicatorsatio-economic status, in the SCLG, UCLG, and
CG. As shown in the table, majority of the mothgossessed high school degrees in total (41 %). In
particular, the number of mothers having high stliegrees were 17 in the SCLG (29 %), 25 in the
UCLG (42 %), and 32 in the CG (55 %). Most of théhers, on the contrary, had university degrees
in total (39 %). More specifically, the number afHers having university degrees were 21 (36 %), 25
(42 %), and 23 (40 %) in the SCLG, UCLG, and CGpeetively. Overall, it can be concluded that
students’ fathers were superior than their mothreterms of their education level.

Table 3.3 Demographic information regarding so@or®mic status of the students

SCLG UCLG CG Total Total
Education Level MEL FEL MEL FEL MEL FEL MEL FEL
Primary School 15 8 18 9 12 3 a7 20
Junior High School 11 7 6 3 5 5 22 15
High School 17 21 25 18 32 22 72 61
University 14 21 11 25 8 23 33 69
Post-Graduate 1 1 0 5 1 5 2 11

Although the chemistry teacher, who implementedpitteedures in all of the three treatment groups,
had 20 years experience in teaching, regulatedingsetvere done in order for training the teacher on
cooperative learning (CL) for three months befdre implementation of the study (see section 3.6).
Additionally, the teacher instructed students oe tmit of chemical changes with CL to be
accustomed to, which was the topic just beforectiveept of mixtures.

3.3. Variables of the Study

The study included ten variables in general, onéthefn was independent variable (IV) and nine of
them were dependent variables (DV). Independeniabiar of the present study was type of
instruction which has three levels: cooperativerregsy based on conceptual change (CLCC),
cooperative learning based on conceptual chang®utitwell-structuring the basics of cooperative
learning (CLCC(-)), and traditional instruction JTDependent variables of the study were twofold:
students’ understanding the concepts of mixturestheir motivation. Students’ understanding of the
concepts of mixtures was assessed by the postestssof the Mixtures Concept Test (MCT) and
interviews. Students’ motivation measured by thstiest scores of the Self-Efficacy for Learning and
Performance (SELP), Task Value (TV), Control of tréag Beliefs (CLB), Test Anxiety (TA) sub-
scales of the Motivated Strategies for Learning sinanaire (MSLQ), and by the posttest scores of
the Mastery Approach Goals (MAP), Mastery Avoidar@eals (MAV), Performance Approach
Goals (PAP), Performance Avoidance Goals (PAV) disitens of the Achievement Goal
Questionnaire (AGQ). Table 3.4 identifies the natof all of the specified variables of the study.
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Table 3.4 Nature of the independent and dependeighles

Name Variable Type Value Type Scale Type
Type of Instruction v Categorical Nominal
Students’ Understanding DV Continuous Interval
SELP DV Continuous Interval
TV DV Continuous Interval
CLB DV Continuous Interval
TA DV Continuous Interval
MAP DV Continuous Interval
MAV DV Continuous Interval
PAP DV Continuous Interval
PAV DV Continuous Interval

3.4. Data Collection Instruments

Quantitative data were collected by the means oftiiés Concept Test (MCT), Motivated Strategies
for Learning Questionnaire (MSLQ), and Achievem&mal Questionnaire (AGQ), which had been
assigned before treatment is commenced as prewisfter treatment is finished as posttests ierord

to measure students’ understanding the conceptsixtures and their motivation, respectively.

Qualitative data, on the other hand, were collegi@charily through semi-structured interviews with

purposively selected students from each treatmenipgto explore students’ conceptions profoundly,
at the end of the treatment.

3.4.1.Mixtures Concept Test (MCT)

Mixtures Concept Test (MCT) was developed by theeaecher in order to measure grade nine
students’ understanding the concepts of mixturestéht boundaries were described initially through
determining the objectives of the unit of mixturesge Appendix B) on the basis of ninth grade
chemistry program (Ministry of National EducatiodQ07). Two headings were suggested in the
program for teachers while they are teaching thdures: classification of mixtures and separatibn o
mixtures. After deciding on the objectives of th€W the related literature was examined to identify
common alternative conceptions students have regprthe concepts of mixtures. According to
predetermined objectives and possible alternatreeptions, test items were constructed either by
researcher made, or by incorporating some staniterts into the test reported by research studies
(Sanger, 2000; Mulford & Robinson, 2002; Pinarb&a Canpolat, 2003; Edwards & Soyibo, 2003;
Calik, 2006; Kingir, 2011). The initial form of thdCT was explored by three educators from the
chemistry education department in terms of condewt face validity. More specifically, the 27-item
MCT attached by the list of objectives was disttéltito the experts for collecting content and face
related evidences of validity, and necessary renssiwere made according to the opinions of the
experts. MCT was assigned to 124 students, who hbieady mastered the concepts of mixtures, to
be able to realize whether the test is reliablesidies to issues related to reliability, the duratid
completing the test and the reactions of studentsutd items in terms of readability and clarity eer
to be checked by piloting the test. Students’ amsweere coded as 0 when it was scientifically
incorrect and as 1 when it was scientifically cotrand they were entered in SPSS to estimate how
consistently students respond to the items. Crdribadpha value was computed as .63 and the scores
of the two of the items were negative in the “Coted Item-Total Correlation” column of the SPSS
output. Accordingly, the specified two items wepeladed from the MCT and some of the items
were clarified according to students’ questionslavipiloting the test. After revisions, the 25-item
MCT was piloted second time with 196 students pesiag similar characteristics with the sample of
the study, and the Cronbach’s alpha value was ctedpas .71, an acceptable value for educational
studies (George & Mallery, 2001; Fraenkel & Wall2ap3).
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The final form of the MCT was made up of 25 itemsdg Appendix D), among which 10 of them were
two-tier in nature (i.e. items 1, 2, 7, 11, 16, 19, 20, 21, 23). Both tiers of the two-tier itemsre in
multiple-choice format where the first tier askeguestion and the second tier questioned the dessib
reason of the answer given to the first tier. Thewaers given to the two-tier questions were accepte
as correct when both tiers were correct (coded).ak the case of giving correct answer only to the
first tier or the second tier, on the contrary, #mswer was entered in SPSS as incorrect (codeéy as
The main difference between conventional multigleice tests and the MCT is incorporation of
common alternative conceptions about the concdptixtures in the latter (see Table 3.5).
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Table 3.5 Alternative conceptions probed by the MCT

Alternative Conception Item Choice
1. All mixtures are heterogeneous in nature. 1(a)
2. Mixtures are pure substances. 1(b)
3. All mixtures are solutions or homogeneous substance 1(d)
4. Homogeneous mixtures are pure substances. 2(b)
5. Mixtures are always combination of two or more sabses that are not 2(c)

pure.

6. Mixtures are always combination of two differergrlents. 2(d)
7. The properties of components in a mixture are etined (e.g. 3(@)

flammability, reactivity, taste, odour).
8. Solutions are always in liquid state. 3(b)

9. The components of a mixture cannot be physicalyasged since they lost  3(c)
their chemical properties.

10. A new substance forms as a result of dissolution. (a),%(c)

11. Dissolving is a process of combining two or morbstances chemically. 4(c)

12. Dissolution requires a phase change, that is, sohallts or evaporates. 4(d), 20(d)

13. Solute disappears when dissolution takes place. ), BQéc),

11(b)

14. Solute is absorbed by solvent during dissolution. 5(b)

15. Undissolved solute is a component of solution. ),6{€1)

16. Supersaturated solutions contain undissolved solute 6(d), 7(a),

17. Supersaturated solutions are heterogeneous sieceithprecipitate at the ig%
bottom.

18. Saturated and concentrated, and unsaturated ariddigolutions are 6(a), 13(b),
equivalent. 13(d), 18(b)

19. Dissolution does not occur unless stirring proéesaken place. 7(b)

20. Solid solute dissolves if the solvent is hot othiser(cooled), solute settles  7(d), 23(c)
down.

21. Boiling and freezing points of solutions are saniih hat of pure liquids. 9(d)

22. Boiling point of mixtures and pure liquids are tio¢ same since solvent 9(b)
boils first and then solute boils.
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Alternative Conception Item Choice

23. Both the boiling and freezing points of involatiielute (e.g. salt, sugar) 9(a)
dissolved in solvent are higher than those of sulve

24. Water is a solution that hydrogen is the solvewt @xygen is the solute 10(a)
since there is greater quantity of hydrogen withim structure of water.

25. Solvent is a rather passive component of a solutigolute is the major 10(b)
component of a solution.

26. Water is the solvent of all solutions or water glélye major role in the 20(b)
dissolution process.

27. Physical properties of solute (e.g. density) deteerwhether or not 20(c)
dissolution occurs.

28. Mass of a solution is greater or less than totadsaa of solute and solvent. 11(a)

29. Dissolved solute has no weight. 11(c)

30. The amount of dissolved substance depends on tfezslarea of solute. 17(a)

31. Dissolution takes place faster when solute is wtwd since uncrushed 16(a)
solute exerts greater pressure.

32. Dissolution takes place faster when solute is ezdslince mass of the 16(b)
crushed solute is less than uncrushed form.

33. The amount of dissolved substance is greater whleitesis crushed since  17(c)
crushed solute does not dissolve but melts.

34. If one does not stir the solution, some of the sotemains undissolved. 16(d)

35. The amount of dissolved substance increases atsosoisi stirred. 17(d)

36. The solubility of gases decreases as pressuresdfagad solution increases 21(a)
since gas particles become liquid under pressure.

37. The solubility of gases decreases as pressuresdfcgad solution increases 21(b)

38.

39.

40.

41.

since different gas particles emerge under pressure

Solubility of gas particles in liquids is stablecheise gas particles cannot be 21(c)

squeezed.

Temperature does not affect dissolution of gasdiguids since the ratio is
stable for all gases.

The solution of salt and water stays the same ithiercooled.

Changing amount of solvent affects the amount sdalived substance.

23(d)

23(b)

8(a), 8(c),
8(d), 19(a),
19(c), 19(d)
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Table 3.5 (continued)

Alternative Conception

Item Choice

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Filtering is a general method of separating sdlids liquid solutions.

Mixtures which are made up of substances havinghetagproperties can
be separated from each other by the means of aghagn
Separating funnel is a means to separate all kligidd mixtures.

Solutions of liquid dissolved in another liquid dam separated into
components by decantation.

The component stayed in the separating funneki®tie having higher
density.

Distillation can be used to get components of tigliquid solutions
separately.

All heterogeneous mixtures can be separated thrthegtlifference among
size of particles.

Since the distance among molecules of the distiitpdd become bigger,
the distillate has smaller density

The distillation column contains only vapors of kwiling component.

The vapor at the bottom of the distillation coluramich in the low-boiling
component.

The vapor reaching the top of the distillation enfuis rich in the higher-
boiling component.

Filtering can be used only to separate solid-liquéterogeneous mixtures.

When water solutions of solids (e.g. salt, sugéeréd, the solid always
remains on the filter paper.

12(a), 12(b),
12(c), 22(b)

14(a), 14(c),
14(d)
24(c)
24(d)
25(b)
24(a)
25(a)

25(d)

15(b)

15(c)

15(d)

22(a)

22(d)
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The content covered in the MCT involved heterogeseanixtures; homogeneous mixtures;
components of solutions; dissolution process; typesolutions (i.e. saturated, unsaturated, super
saturated, diluted, and concentrated solution®); effect of temperature on dissolution of solids,
liquids, and gases; the effect of pressure on hlissa of gases; the effects of stirring and suefacea

on the rate of dissolution; colligative propertief solutions (boiling point, freezing point, mass,
density); and separation of mixtures (methods bamedlifference in size of particles, density,
solubility, and boiling point). Table 3.6 indicatdsstribution of items included in MCT with respect
to the content of the concepts of mixtures. Thalfform of the MCT was assigned to 180 students
(i.e. the subjects of the study) as a pretest tmgeize whether groups differ significantly on
understanding the concepts of mixtures beforertreat is conducted. The MCT was assigned to the
participating students, furthermore, as a posttesineasure if there were significant differences
among the groups exposed to variations of CL andvilh respect to students’ understanding the
concepts of mixtures.

Table 3.6 Content of the unit of mixtures covergdMCT

Concepts Iltems

Nature of Mixtures 1,2,3
Dissolution Process 4,5,10, 20
Types of Solutions 6,7, 8, 13, 18,
(Saturated, unsaturated, super saturated, dilotegtentrated solutions) 19

Factors Affecting Solubility 16, 17, 21, 23

(Temperature, pressure, surface area of solutengtiamount of solute)

Colligative Properties of Solutions 9,11
(Boiling point, freezing point, mass, density)

Separation of Mixtures 12, 14, 15, 22,
24, 25

3.4.2.Motivated Strategies for Learning Questionnaire (M$.Q)

The Motivated Strategies for Learning QuestionndWiSLQ), a self-report tool grounded on the
social cognitive theoretical framework, was develby Pintrich, Smith, Gaia, and McKeachie
(1991) and was adapted into Turkish by Sungur (RODHe MSLQ was made up of 81 items scored
on a seven-point likert scale, from 1 (not at aletof me) to 7 (very true of me). In particulat, &f

the 81 items were included in the motivation settidth six sub-scales (Intrinsic Goal Orientation,
Extrinsic Goal Orientation, Self-Efficacy for Leamg and Performance, Task Value, Control of
Learning Beliefs, Test Anxiety), and the remainbB@ items were covered by the learning strategies
section in nine sub-scales (Rehearsal, Elaborativganization, Critical Thinking, Metacognitive
Self-Regulation, Time and Study Environment ManagetnEffort Regulation, Peer Learning, Help
Seeking).

Pintrich et al. (1991) suggested that researchamsuse either every 15 scales involved in the MSLQ
or only the scales of interest, due to flexibilggined by the modular nature of the specified scale
Accordingly, four sub-scales of the motivation sattof Turkish version of the MSLQ are included
within the scope of the present study (i.e. 23 #gmamely Self-Efficacy for Learning and
Performance (SELP), Task Value (TV), Control of tréag Beliefs (CLB), Test Anxiety (TA) (see
Appendix E). Intrinsic and Extrinsic Goal Orientatiscales of the MSLQ were excluded in order for
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exploring achievement goals more deeply by the meainthe Achievement Goal Questionnaire
(AGQ), designed especially to assess studentséaehient goals (see Section 3.4.3).

The MSLQ was administered to college students bytrieh et al. (1991) to analyze reliability
coefficients of each sub-scale, and factor loadofgsach sub-scale through performing Confirmatory
Factor Analyses (CFA). Resulting absolute fit imdidndicated a sound-structured model: the chi-
squared to degrees of freedom rajfadf) was 3.49, the goodness of fit index (GFI) waB, the root
mean residual (RMR) was .07, and the adjusted gessdaf fit index (AGFI) was .73. While adapting
the MSLQ into Turkish language, Sungur (2004) as=igquestionnaire to 488 tenth and eleventh
grade students in biology lessons. As comparedh&o English version, Sungur (2004) found
reasonable values by conducting CFA, which wéféf = 5.3, GFI = .77, RMR = .11. The Turkish
version of the MSLQ, modified to chemistry lessdns minor variations, was piloted with 124
students to verify constructs by performing CFAngsiLISREL. The data were collected cross-
sectionally by distributing the questionnaire tadgnts at one time and calling them upon to be as
sincere as possible by giving assurance to ket tbgponses confidential. The absolute fit indices
drawn upon CFA were found as followg{df = 1.92 , GFI = .78, RMR = .0§%df is used to assess
model fit (Hu & Bentler, 1999). Values as high asaid values as low as 2 are suggested as an
acceptable range fop’/df (Wheaton, Muthen, Alwin, & Summers, 1977). Hakd (1987),
furthermore, stated thaf/df values closer to zero well define the differeetween the sample and
fitted covariance matrices. GFI values range froto @ with a cut-off point of .9 are recommended
for models fitting well (Hayduk, 1987). RMR valuas high as .08 define a good fit of data with the
model (Hu & Bentler, 1999). Although all the fitdices found in the present study do not fit well
enough to imply a good model, the values can berpnéted as reasonable when compared to the
results of English and Sungur (2004) versionsndiated in the Table 3.7. The differences of value
among the English version, Sungur (2004) version the present study can be attributed to the
nature of motivational constructs that have a pakto change in different contexts (Pintrich €t a
1991). In the Table 3.7, ENG stands for the versibRintrich et al. (1991), and the abbreviatiohs o
TUR indicate the version of Sungur (2004) and ttesent study, respectively.

Table 3.7 Comparison of the fit indices for the ivettion section of the MSLQ

xdf GFI RMR
ENG 3.49 a7 .07
TUR (Sungur, 2004) 5.3 a7 A1
TUR (Present Study) 1.92 .78 .08

Besides to fit statistics, Lambda ksi (LX) estinsateere computed to see whether the constructs were
defined well, that is, if the values of LX estimatere .8 or greater (Pintrich et al., 1991). Tahig
presents LX estimates for the interested sub-sadléfse motivation section, where SELP stands for
Self-Efficacy for Learning and Performance, TV foask Value, CLB for Control of Learning
Beliefs, and TA for Test Anxiety. Eventhough sonfiehe indicators did not well-define the specified
sub-scales, the values can be acceptable when cednfmathe values of the version of Pintrich et al.
(1991), which was indicated as the English versiaihe Table 3.8.
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Table 3.8 Lambda ksi estimates for the specifiddsiales of the MSLQ

Indicator LX Estimate of LX Estimate of
English Version Present Study
SELP gl .83 .75
g4 g7 .78
g6 .70 71
q9 .89 .85
gql2 .63 .70
qlé 71 77
gql9 .86 .79
g23 .87 .81
TV g3 .57 57
q7 .88 .65
gll .84 .78
gl3 .86 .81
gls .88 72
g21 .64 .70
CLB g2 .57 .69
g5 A7 .73
qla .38 44
ql7 .84 .63
TA g8 .60 .60
glo .76 77
gls 42 .48
g20 .62 .67
g22 .88 44

Table 3.9 introduces Cronbach’s alpha values aaash sub-scale within the scope of the present
study for the English version, the Turkish versiangd the present study.

Table 3.9 Comparison of reliability coefficientstbé specified sub-scales of the MSLQ

SELP TV CLB TA
ENG .93 .90 .68 .80
TUR (Sungur, 2004) .89 .87 .62 .62
TUR (Present Study) .90 .82 .61 .67

As can be seen in the Table 3.9, the Cronbachiwmalplues of the CLB and TA were lower than the
values of the SELP and TV, whereas they can bepirgted as reasonable when compared to the
versions of Pintrich et al. (1991) and Sungur (90&4udies may report different reliability valuas

a result of having distinct sample. Therefore, tbason of minor changes can be attributed to the
characteristics of subjects of the present stuthg. ISLQ was assigned to 180 grade nine students to
measure their motivation before treatment is conuedras a pretest, and after treatment is completed
as a posttest to assess whether students’ motivaliffer significantly when they exposed to
variations of cooperative learning and traditiomnatruction.

3.4.3.Achievement Goal Questionnaire (AGQ)

The Achievement Goal Questionnaire (AGQ), a 15-itestrument scored on a five-point likert scale
from 1 (strongly disagree) to 5 (strongly agreeasvdeveloped by Elliot and McGregor (2001) to
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assess students’ goal orientations. The AGQ wasenopdof four sub-scales, which are Mastery
Approach Goals (MAP), Mastery Avoidance Goals (MARgrformance Approach Goals (PAP), and
Performance Avoidance Goals (PAV).

The AGQ was administered to 180 undergraduate stade check whether the model fit well with

the sampled data and if the responses given taubkstionnaire was reliable. Elliot and McGregor
(2001) performed CFA which revealed that the diatthé model well (RMSEA = .04, GFI = .99, CFlI

=.99). The Cronbach’s alpha coefficients were coteg for MAP, MAV, PAP, and PAV as .87, .89,

.92, and .83, respectively (see Table 3.12).

The AGQ was adapted into Turkish Bgnler and Sungur (2007). The researchers validéted
questionnaire by assigning the instrument to 6L6@esits attending elementary scho@snler and
Sungur (2007) performed CFA and the following fitices were presented: RMSEA = .06, GFI =
.92, CFIl = .90, SRMR = .07. The Cronbach’s alphefficients were computed as .81 for MAP, .65
for MAV, .69 for PAP, and .64 for PAV (see Tabld 3).

The AGQ was piloted through administering the Tsikversion of the questionnaire (see Appendix
F) to 124 students to check for factor loadingthefAGQ, LX estimates of the items across each sub-
scale, and reliability values of the sub-scalese Tih statistics drawn upon CFA were as follows:
RMSEA = .07, GFI = .88, CFI = .97. RMSEA assessas Wwell the model fit the sampled data (Hu
& Bentler, 1999) and RMSEA values close to .06 veithupper limit of .07 represent a good fit. GFI
values range from 0 to 1 with a cut-off point ofai® recommended for models fitting well (Hayduk,
1987). CFl is an incremental fit indece that tekhies assumption of the sample covariance matrix is
uncorrelated with latent variables (Hooper, Coughi& Mullen, 2008), and CFI values closer to 1
with a minimum value of .90 indicate a good fit. sisown in the Table 3.10, although not all the fit
indices found in the present study show well fig tesults of the present study can be interprased
reasonable as compared to the values found by rigisB andSenler and Sungur (2007) versions.
The small differences among the English versganler and Sungur (2007) version, and the present
study can be attributed to contextual factors timte potential to affect students’ goal orientagion
(Pintrich, 2000). In the Table 3.10, ENG standstffier version of Elliot and McGregor (2001), and the
abbreviations of TUR indicate the version $fnler and Sungur (2007) and the present study,
respectively.

Table 3.10 Comparison of the fit statistics of #@Q

RMSEA GFI CFI
ENG .04 .99 .99
TUR (Senler and Sungur, 2007) .06 .92 .90
TUR (Present Study) .07 .88 .97

Besides to fit statistics, Lambda ksi (LX) estinsateere computed to see whether the constructs were
defined well. In the Table 3.11, where all of th& \alues were above .50, MAP stands for Mastery
Approach Goals, MAV stands for Mastery AvoidancealSpPAP stands for Performance Approach
Goals, and PAV stands for Performance Avoidancdssoa
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Table 3.11 Lambda ksi estimates for the sub-saHld®e AGQ

Indicator LX Estimate of
Present Study
MAP gl .50
g4 97
g6 .54
MAV g8 a7
qlo .82
gl2 .57
PAP g3 .80
q7 .86
gll .68
PAV g2 .65
g5 .69
q9 .69
ql3 .53
ql4d 73
gl5 .54

Table 3.12 compares the Cronbach’s alpha religlubefficients of the study carried out by Elliotda
McGregor (2001), the study conducted $§nler and Sungur (2007), and the present study. The
Cronbach’s alpha reliability coefficients of MAP,A¥, PAP, and PAV were computed as .65, .73,
.76, and .78, respectively. As compared to thefiniefits of the adapted version of the AGQ, the
values can be accepted as reasonable. The reasdramdes in the reliability coefficients can be
attributed to the different characteristics of salg sampled in the studies. The AGQ was assigned t
180 grade nine students to measure their motivdtédare treatment is commenced as a pretest, and
after treatment is completed as a posttest to sisgesther students’ motivation differ significantly
when they exposed to variations of cooperativeniegrand traditional instruction.

Table 3.12 Comparison of reliability coefficienty@ss the sub-scales of the AGQ

MAP MAV PAP PAV
ENG .87 .89 .92 .83
TUR (Senler and Sungur, .81 .65 .69 .64
2007)
TUR (Present Study) .65 73 .76 .78

3.4.4.Semi-Structured Interviews

The purpose of conducting semi-structured intersiemas to gain insight considering students’
conceptions about the concepts of mixtures aftey trave treated with CLCC, CLCC(-), or TIl. The
students to be interviewed were selected purpagsieal the basis of the post-MCT scores. More
specifically, students’ mean scores on the post-M@d standard deviations were computed across
each treatment conditions, and two students scaredlf standard deviation around the mean score
were selected as the medium-achieving studentsstudents scored a half standard deviation below
the mean score were selected as the low-achiewgsts, and two students scored a half standard
deviation above the mean score were selected dsgheachieving students (AkkuGinel, & Hand,
2007). Six students from each of the SCLG, UCLG] @& generated a total of 36 students to be
interviewed (i.e. there were six classes of int®reSonducting interviews with students who were
instructed by CLCC, CLCC(-), or Tl gave opporturtilycompare students’ reasoning when they have
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received instruction with different teaching metbpdnd to realize whether or not students overcome
alternative conceptions they hold before treatmantsconducted. Interview questions were prepared
by the researcher through taking into account trarmon alternative conceptions about the concepts
of mixtures reported in the related literature aenealed in the post-MCT (see Appendix G). In other
words, the interview protocol was designed accaydinstudents’ performances on the post-MCT, the
items that caused most of the students to challersge asked to learn reasons of low understanding.
Each individual interview took approximately 30 mii@s which was audio-taped, transcribed, and
coded in order to be able to gather students’ qaiia@s under general themes (see section 4.4).

3.4.5.Classroom Observation Checklist

The classroom observation checklist was developethé researcher to verify treatments. In other
words, the researcher observed each treatment gymtematically by filling classroom observation
checklist out to be able to conclude that SCLG vies&ructed by the CLCC, UCLG were instructed
by the CLCC(-), and CG were instructed by the THe Thecklist was made up of 25 items regarding
the basics of cooperative learning, the steps oA¥Tthe conditions of conceptual change, and
procedures related to Tl (see Appendix H). 14 itemese prepared to assess the CLCC treatment
(tems 1, 3, 5, 6, 9, 10, 13, 15, 16, 17, 19, 20,22), and four items were related to the CLCC(-)
treatment (items 11, 12, 14, 25). The remainingeseitems were common for two different
treatments, that is, five items covered the impletaigons of the CLCC and CLCC(-) (items 2, 4, 7, 8,
18), and two items covered the common procedurtegele® the CLCC(-) and TI (items 23, 24). The
items were scored in each treatment group by theareher as “yes” if the content of the sentence
was observed in the class, and selected “no” whencbntent of the sentence was not observed.
Furthermore, the items of the group observatiorctlidte which was completed by the teacher, were
incorporated into the classroom observation chsttidi collect evidence for treatment fidelity.

3.5. Instructional Materials

The study is conducted over eight weeks in thengpsemester of 2011-2012. In the first and the last
week of the study, the pretests and posttests assgned to students to collect data about their
understanding the concepts of mixtures and thetiviaioon. In the middle six-week period (i.e. 12
lessons), on the other hand, the sampled students ihstructions based on either cooperative
learning based on conceptual change approachditidral instruction. In contrast to CG, the lesson
in the SCLG and UCLG were carried out through aimglycooperative learning by the means of
STAD (see Sections 3.7.1 and 3.7.2). Lesson pteashing activities, and quizzes were prepared to
regulate the discourse of lessons in the SCLG andG) Meanwhile, teaching activities and quizzes
were distributed to students in the CG as a pmattiche done at home. Group observation form and
what happened in the group questionnaire were pedpsolely for the CLCC treatment carried out
within the structured cooperative learning grouCI(G) to structure basics of an effective
cooperative learning. The former was completedhieytéacher while observing groups of students in
the SCLG to satisfy whole-class processing, andattier was administered to the groups of students
in the SCLG to meet the small group processing etg¢rof an efficient CL practice. In brief, lesson
plans, teaching activities, quizzes, group obsermathecklist, and what happened in the group
guestionnaire were used as instructional mate@dllsf which were explained below, respectively.

3.5.1.Lesson Plans

Lesson plans were prepared to inform the teacheutaihe content and the way of processing that
content in lessons took part in the SCLG and UCMsre specifically, lesson plans included the
name of the unit and topic, the duration, the dbjes, the contents, the materials, the information
about what to do in each step of the STAD, andeissalated to evaluation. Eventhough lesson plans
covered plenty of information about the whole lesstihey were useful especially in the teacher
presentation step of the STAD. The study consisfediix lesson plans, each of which was designed to
cover procedures for two-lesson hours (see Appdpdikmong six weekly lesson plans, four of them
were related to classification of mixtures, and thst two of them were related to separation of
mixtures (see Table 3.13).
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3.5.2.Teaching Activities

Teaching activities were generated specificallpeéoused by students in the SCLG and UCLG while
they were studying at their teams. In other wotdaching activities met the team study step of the
STAD. In addition to fulfilling the requirement dhe STAD, teaching activities served to make
students to experience dissatisfaction, which és fttst condition of conceptual change to happen.
Students were dissatisfied at the beginning of dh#vities by introducing common alternative
conceptions about the concepts of mixtures and ctefdeto answer questions at the end of the
activities correctly by the means of vigirous gradigcussions. In other words, teaching activities
were prepared through taking the conditions of ephgal change into account, which are
dissatisfaction, intelligibility, plausibility, andruitfulness. Specifically, the specified alterimat
conceptions were introduced again by asking cone¢muestions at the end of the activities to
provide intelligibility and plausibility, and by kisig examples related to daily life to ensure
fruitfulness. Table 3.13 presents the contentesgdn plans and the corresponding teaching aestviti
assigned to students in the SCLG and UCLG.

Table 3.13 The contents of lesson plans and teg@&tivities

Lesson Plans Teaching Activities
Lesson Plan 1 Teaching Activity 1 (The Physical and
(The Nature and Properties of Mixtures) Chemical Composition of Mixtures)
Teaching Activity 2 (The Properties of
Mixtures)
Lesson Plan 2 Teaching Activity 3 (The Dissolution Process)
(The Dissolution Process and Components ®&aching Activity 4 (Solutions and
Solutions) Components)
Lesson Plan 3 Teaching Activity 5 (Types of Solutions)
(Types of Solutions and Factors Affecting eaching Activity 6 (Effect of Pressure on the
Solubility) Solubility of Gases)
Lesson Plan 4 Teaching Activity 7 (Effect of Temperature on
(Factors Affecting Solubility) the Solubility of Solids and Gases)

Teaching Activity 8 (Effect of Stirring and
Surface Area on Solubility)

Lesson Plan 5 Teaching Activity 9 (Colligative Properties of

(Colligative Properties and Separation Methods bfixtures)

Mixtures) Teaching Activity 10 (Separation Methods of
Mixtures based on Size of Particles)

Lesson Plan 6 Teaching Activity 11 (Separation Methods of

(Separation Methods of Mixtures) Mixtures based on Density and Solubility)

Teaching Activity 12 (Separation Methods of
Mixtures based on Boiling Point)

As indicated in the Table 3.13, the study involigtiteaching activities (see Appendix J) in which
three of them were related to separation methodsixtires (i.e. 10, 11, and 12), a neglected aspect
of mixtures by researchers. Since the relevantalitee does not present plenty of alternative
conceptions about how mixtures are separated,dbsilge alternative conceptions anticipated by the
researcher were included in those activities. Ttheronine activities, on the other hand, covered
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common alternative conceptions regarding mixtuegmrted in the literature. Among nine activities,
four of them (i.e. first, second, third, and fiftjere prepared by using the drawings of activities
reported in the related literature (Sanger, 20Qpageorgiou, 2002; Pinagha& Canpolat, 2003;
Calik, 2006).

3.5.3.Quizzes

Quizzes were developed by the researcher to bgressito students in the SCLG and UCLG for
assessing individual accountability, which is thed step of the STAD at the same time. The study
included three quizzes (see Appendix K), that tgdents were tested individually once two-week
period due to timing constraints. The contentsfzps were determined by assuming that students
have learned the concepts covered by four teadttigities. In particular, the first quiz was redt

to physical and chemical composition and properfasixtures, dissolution process and components
of solutions; the second quiz covered types oftamis and factors affecting solubility; and therdhi
quiz included colligative properties and separatinathods of mixtures. Quizzes involved open-
ended, fill in the blanks, matching and true/fajgees of questions which were scored out of 10@ Th
scores gained through quizzes were computed byeearcher as individual improvement scores by
subtracting the initial base score from the scaiaef in the quiz (see Sections 3.7.1 and 3.7.2).

3.5.4.Group Observation Form

The group observation form was developed by theamher in order to provide an effective
application of CLCC by making the teacher respdaesibr filling the scale out at the end of each
lesson within the SCLG (see Section 3.7.1). Theafmvolved seven items regarding various types of
positive interdependence, individual accountahiljpyomotive interaction, interpersonal and small
group skills, and group processing (see AppendiXr_particular, the items of the group observation
form were designed in a manner to control whethedents in the SCLG realized how to work
efficiently in their groups. The teacher rated iseatcording to the frequency of occurence as never,
sometimes, and always (i.e. three-point likert tygoale), and he shared what were observed by
students as a whole-class processing. By assestidgnts’ behaviors while they were working in
groups and giving simultaneous feedback to makentheow how they have processed, students’
motivation for learning and working as a group ahdir sense of self-efficacy for learning and
performance were assumed to be enhanced (JohnSohr&on, 1994). Group observation form was
used in order for regulating the CLCC treatmentead of a means for drawing upon statistical
analyses.

3.5.5.What Happened in the Group Questionnaire (WHGQ)

The WHGQ was used to regulate group processinggénSICLG, one of the basics of cooperative
learning. However, it was distributed to groupsstafdents to be completed at the end of each lesson
rather than the teacher. The purpose of adminigfaNHGQ to the SCLG students was to discover
students’ perceptions about how well they have wdrin their groups. More specifically, WHGQ
included items related especially to interpers@ma small group skills, or in other words, teamwork
skills. While filling WHGQ out, students revisedetlevents that were beneficial for them to achieve
group’s goal and the experiences that made thdeetdroubles. In fact, the main function of WHGQ
was to assure small group processing, one of thet oracial element of CL (Johnson & Johnson,
1999). WHGQ was developed by Gillies and Ashman9¢)9n the basis of previous surveys
conducted on cooperative learning. The questioan@nsisted of 15 items in five-point likert type
scale in which students in the SCLG had a chanazdoe their choice among completely disagree
(coded as 1) to completely agree (coded as 5) Appendix M). Similar to the group observation
form, the data collected by the means of WHGQ wesed to ensure effective applications of the
CLCC treatment, not to perform statistical analyses

3.6. Procedure

At the very beginning of this study, the researcheviewed science and chemistry education
literature. As a result of general review of liteire, the researcher decided on the researchdield
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clarified research problems. The keywords werebdisteed (see Appendix A), which were used while
reviewing the related literature on the followingtabases: Social Science Citation Index (SSCI),
Educational Resources Information Center (ERIC)sdehost, Middle East Technical University

Dissertations and Theses, TUBITAK Ulakbim, ProQuBs$sertations and Theses, and Turkish
Higher Education Council Dissertations and Theses.

The chemistry unit was decided as mixtures ancctiment of mixtures at different grade levels were
analyzed by the means of the chemistry progranteSihe content of mixtures at grade nine covers
both classification and separation of mixtures, saeple was selected from grade nine students.
Mixtures Concept Test (MCT) was developed to asgpasle nine students’ understanding the
concepts of mixtures by listing the objectives adow to the ninth grade chemistry education
program, and identifying the common alternative aggrtions from the related literature. Besides to
the MCT, instructional materials were establishedegulate implementation within three different
experimental conditions (i.e. structured coopeegakdarning groups, unstructured cooperative legrnin
groups, control groups). After consulting expertd a chemistry teacher about the content and glarit
of the pre-established instruments and teachingniadg, the MCT was piloted. Not only MCT, but
also MSLQ and AGQ were piloted to confirm factoadings with the data drawn upon the sampled
students. After analyzing the results of the fpibot test, the MCT was administered second time to
have a more reliable test measuring students’ @inakunderstanding.

Had piloted MCT, MSLQ, and AGQ, the Research CefderApplied Ethics in the Middle East
Technical University and the Directorate of Natibfaducation in Isparta were applied to take
necessary permissions about the treatment of thy.siAfter examinations, both of the institutions
declared appropriateness of the study. This study mbt damage students physically or
psychologically. The purpose of the study was d@rplh to students without giving details in order
not to violate results of the study by inserting thawthorne effect (see Section 3.9), at the béginn
of the study. Moreover, all sorts of data collecfemn the students were kept confidential by not
sharing the data with any other people, not askargthe names of the students but the identity
numbers, and designating the scoring procedure las tone by the researcher.

Three months before treatment commenced, an appaimtwas got with the teacher to introduce the
purpose and procedure of the study. The teacherinfasmed on Cooperative Learning, Student
Teams-Achievement Division (STAD), conceptual ctengnditions, Cooperative Learning based on
Conceptual Change (CLCC) by the means of STAD,runs¢énts and instructional materials
developed for the study. The first meeting was haluste general compared to future meetings in
order not to make the teacher to be worried abmplementation of the cooperative learning
considering the likelihood of being unfamiliar withe procedures of student-centered teaching
methods. At the end of the first meeting, the teastas provided a handout to be examined in detail
including the basic elements of CL; the steps oABTthe conditions of conceptual change; the
differences in procedures between the SCLG and UG@h&srole of the teacher; the expectations from
the students; purpose of the study; and instrumants instructional materials to be used during
treatments (see Appendix N). Two weeks after tret fneeting, the teacher was revisited to discuss
this time on details of treatment across each grolpe researcher and the teacher revised
instructional materials, instruments, and proceslufevery questions of the teacher regarding
treatment were answered and the teacher startadet@CL when the unit of chemical changes was
taught, the unit just before the concepts of megurThis preliminary effort helped the teacher
internalize his own responsibilities during CL anthde the students to be accustomed to CL
practices. By this way, the teacher believed tlatvhs ready to conduct the treatment as planned as
possible.

After all of these preliminary works, the MCT, MSL.@nd AGQ were assigned to students as

pretests, and treatments were conducted just omd after pretests. The students were posttested
after six-week. All sorts of data collected duringatment were analyzed and the theses was put into
words. Figure 3.1 indicates the flowchart of the egent study.
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3.7. Implementation of Treatments

The above section made the whole process of thy stpparent from the very beginning to the end.
This section, furthermore, presents particularky ¢ight-week period of treatments in the structured
cooperative learning groups (SCLG), unstructureopeoative learning groups (UCLG), and control
groups (CG), separately. Before explaining the ifipgurocedures took place in each group, it seems
logical to mention about the first and the lasstes of treatment since common procedures were
carried out in each group. In the first lesson,célthe sampled students were pretested primayily b
using the MSLQ and AGQ to assess their motivataom, then the MCT was administered to measure
students’ understanding the concepts of mixturd®e fieason of assigning initially the MSLQ and
AGQ was to control possible negative feelings stislenight have after completing the MCT. In
other words, the content of the MCT was made ugaiceptual questions that might become
unfamiliar to students and they might feel learhetplessness about the concepts of mixtures at the
beginning of the unit, which might cause the resdiawn upon MSLQ and AGQ to lessen. Similar to
pretest administration, all of the students wersigged the MSLQ, AGQ, and MCT in the same
sequence as posttests to determine the effecteafntent on their understanding the concept of
mixtures and motivation. Treatment fidelity was\aded by observing each treatment group through
filling the classroom observation checklist out dndtraining the teacher about how to implement
treatments for three months before the study wadwded.

3.7.1.Treatment in the Structured Cooperative Learning Groups

The 60 students (i.e. two classes) within the S@igge instructed with Cooperative Learning based
on Conceptual Change (CLCC) by the means of Stubeams-Achievement Divisions (STAD), one
of the methods of cooperative learning.

Preliminary teacher training was provided sincedstus’ level of understanding is argued to be
greater when teachers are trained on the procedfiresoperative learning (Lou, Abrami, Spence,
Poulsen, Chambers, & d’Apollonia, 1996), as notedhe above section. In the following lesson of
the first week, the teacher trained students in SH.G in turn about the nature of cooperative
learning, basic elements of cooperative learning,dteps of STAD method of cooperative learning,
purpose of the study, the expectations from thertevthey were working in groups, interpersonal
and small group skills required for efficient coogt@n and interaction. In particular, the teacher
explained that cooperative learning require twdimnlis type of skills: taskwork and teamwork. To
achieve taskwork, members of a group should re#tiaethey can achieve their learning goals if and
only if all the members of their group also attdiair goals, which cannot be realized unless mesber
act as a group by internalizing the social skillee teacher extended which social skills to be used
within groups as efficient communication, conflmnagement, listening to each other, giving and
receiving help, sharing leadership, trust-buildiregpecting each other, sharing resources, takimg t
and democratic decision making. Not only listinige teacher motivated students to use mentioned
small group skills, frequently. At the end of sdakill training, the groups were announced by the
teacher which were determined purposively by tiseaecher and the teacher. More specifically, there
were seven small groups in each of the SCLG cangisif four or five members (i.e. the number of
students in each class was 30 and there were diveniembered and two five-membered small
groups). The composition of groups were determiaecbrding to students’ gender and ability that
was defined with respect to students’ last semes$temistry course grades. Accordingly, the teacher-
selected small groups were heterogeneous in tefigsnoler and ability of students that involved one
high-, two medium-, and one low-performing, sexapaled students of four or five-member. Had
been informed on the groups, the students wereirestjto come together and gave their group a
name, which ensured positive identity interdependeamong members of the groups. Groups were
advised to sit together and establish eye contabteach other in order for to encourage and faddi
each other's effort to complete assigned tasks,chvhénsured both positive environmental
interdependence and promotive interaction. Encaongagnd praising each other’s effort to learn
assured greater mastery, higher motivation to wmdether, and better personal relationships.
Moreover, individuals were assigned a base scarerding to their pre-MCT scores for computing
individual improvement scores. More specificallye tresearcher adjusted 25-item MCT as it was 30-
item by scoring each item as 1.2 points, as sugddsy Slavin (1996). For example, a student who
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gave 15 correct answers in the pre-MCT was assi@Bgubints by multiplying the number of correct
answer with 1.2. Students in each class of the S@k€& ranked according to the adjusted scores and
the first three students were assigned a base e€@® the following three students were assigaed
base score of 19, and the same procedure was cpipliit each student in the class has an initiseba
score. The pre-determined base scores were shahgdy the teacher to be used when computing
improvement scores of students, which were caledlats subtracting the base scores from scores
gained in the quiz. Evaluating students’ excellettteugh improvement scores is beneficial for an
efficient cooperative learning because they pestitlents to compete only with their own scores (i.e
improvement scores were the criteria for evaluatiand to work in an environment where all
individuals have equal rights.

Had completed all of the preliminary requiremenit® instruction started by the presentation of the
teacher about the first concept of mixtures (he. physical and chemical composition of mixtures),
since the regular cycle of the STAD begins witlsslaresentation. The teacher covered the concepts
of the relevant activity and quiz by lecturing agidcussion to help students work well within their
groups by developing their knowledge base and ggt bcores from the assigned individual quiz.
During the class presentation, which continued aidd minutes or half an hour depending on the
intensity of the concepts, the teacher asked atitipestions to make students to think profoundly
about the reasons of scientific events insteadplaging concepts directly. Although students were
dissatisfied primarily when they were studying éams on teaching activities, the teacher prepared
necessary background for conceptual learning ehsific concepts during presentation.

Following teacher presentation, the students warkhe teaching activities within their pre-assigned
groups. As noted, students were aware of the irapoet of conceptual learning when they come
together with their teammates in order to be ablecémplete activities, which were prepared
according to the common alternative conceptiondesits have regarding the concepts of mixtures.
Actually, the most important component of the STAlas the team work since the basics of
cooperative learning and the conditions of concalptihange were structured mainly at this step
(explained below in detail while reporting a samigleson by the use of CLCC). The primary purpose
of team study was to be sure that the assignedriadaite mastered by each member of the team in
such a way that everybody will complete items & tluiz perfectly that would be given after team
study was completed. Completing worksheets or agigegroup goals required group members to
work as a group instead of working alone becausdesits were trying to overcome knowledge that
made them dissatisfy, the first and the most ctudadition for conceptual change to happen. While
they were trying to resolve questions, studentdlatged each other’s conceptions by sharing their
own thoughts. In other words, there were two sauréer making students to experience
dissatisfaction: the questions in the activitied #me viewpoints of teammates. The only function of
team study was not to challenge each other’s cdiocey) but also assist each other’s understanding o
the scientific phenomena by giving and receivingpelated help. Students were called for personal
responsibility for completing the activity as a gpo which ensured positive goal interdependence and
individual accountability. The following manipulatis were done to well-structure types of positive
interdependence and individual accountability: meralgave a name to their groups; members sitin a
group order; each member of the group was assigoetblementary roles as checker, encourager,
reporter, and reader; four-member heterogeneougpgrovere formed; each group was assigned only
two worksheets; students were tested individualyzommon grade was assigned to members of a
group; team with the highest score was announcékifulletin board; members were encouraged to
celebrate joint excellence.

The purpose of assigning roles to students wasotdioto help members realize each member’s
contribution was as crucial as their owns for acglishing the group goal and regulating intragroup
interaction that assured positive role interdepande and to make each member responsible for
completing groups’ goals that ensured individuatoamtability. The important issue about role
assignments was rotating roles within each activitat is, every members experienced all of the
specified roles, respectively. The role of checkar,nstance, was established to check whethdr eac
member has mastered on the assigned task or wheglobr member’s contribution accounted for
completing worksheets. Students who were assighedrdle of encourager, on the other hand,
supported and praised each member's share work régiited in greater enthusisam for and
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commitment to complete worksheets. Students did kmatw who would present the answers of
groups, that is, the teacher selected studenteport their answers which provided individual
accountability since every students had a chante teelected as a reporter. The teacher was advised
to select students who seemed reluctant to comgritauteam work when they were working with their
teammates. The positive resource interdependensestactured through assigning two worksheets
per each group, which made students to share ralsted complete joint goals. Sharing materials
entailed members to think aloud and discuss onsthetion of questions that provided promotive
interaction and cooperation which in turn enhargedip cohesion.

Following team study, students took individual geiz including the contents of the completed four
activites. During quizzes, members were not allowedielp each other because the aim of testing
students was to assess on their individual accbilityawhile studying within teams and to evaluate
their understanding of the scientific conceptsrirged by the teacher and studied with teammates. |
was observed by the researcher that students ggritibute to groups’ goal by learning concepts as
much as possible and doing well in quizzes. Thezs were collected, scored, and announced as the
individual improvement scores through which thentestores were computed. The team that showed
the highest improvement was announced in the lnltetard as the winner team where the members
were assigned a common grade. In the case of manedane team sharing the highest score, all of the
teams were announced as the winner teams. Moreiouie case of five-membered groups, the team
score was adjusted as there were four members rassh of the other groups (i.e. five groups were
four-membered and two groups were five-membered).tife final step, the teacher encouraged
winner teams to celebrate joint efforts. In briék scoring system of the STAD promotes intragroup
cooperation and intergroup competition since ttaamtéhat indicated the greatest improvement was
announced as the winner team in which all of thenbers received the same grade, which assured the
positive reward/celebration interdependence angdisitive outside enemy interdependence.

When students finished worksheets (or studentseteld individual tests), the small group processing
and the whole-group processing were carried outdesits constructively discussed on how well they
have worked together while completing the assigask. In particular, members filled the WHGQ as
a group by discussing the items of the questioenaihich was consisted of basic elements of
cooperative learning. The researcher observedsthdents gave attention to small group processing
by activating their higher order thinking skillsjch as reflective and metacognitive thinking, agd b
using interpersonal and small group skills, suctcasflict management. Apart from students, the
teacher filled the group observation checklist mufulfill the necessities of whole-group procesgsin
through observing students while they were workingtheir groups. The items of the group
observation form covered basics of cooperativeniegrand the teacher recorded the frequency of
behaviors to determine whether students in SCL@daes intended. The results drawn upon the
checklist were shared by groups at the end of éasdon to provide whole-class processing. For
example, the teacher announced that the membéhe 6Atom” group were aware of the teammates
who have not understood the difference betweenregatl and super saturated solutions, or the
members of the “Orbital” group applied frequentlymhe when they have experienced disagreements
and you should try to resolve disagreements thraligbussing initially among each other for the
following lessons. The researcher observed thatesiis tried to change unintended behaviors and
worked with greater enthusiasm in the followingstass by the means of the teacher’s feedback,
which verified the function of the group observatibborm. Moreover, the teacher asked for the
answers of questions included in worksheets bycsete one of the members of the groups (i.e.
reporter). At this stage, the teacher tried to mheitee whether every individual students have ledrne
the concepts covered by the lesson since the ymughurpose of cooperative learning is to increase
individual student’s level of understanding. At twed of the lesson, the teacher required students t
explain learned concepts in their own words, asskffsstudents understood the concepts and made
necassary connections with previous concepts, estéd whether students were able to internalize
learned concepts to be used in different contetxf which were performed to make the scientific
concepts intelligible, plausible, and fruitful. Beéss to understanding, the teacher checked whether
groups have used the social skills necessary foeffetive cooperation and motivated students to
frequent use of teamwork skills, as taught at tginming of the study. The lessons were finished by
collecting each group’s worksheet to be gradedtferfollowing lesson. A sample lesson, giving idea
on how were the lessons carried out by the CLC®erSCLG, was introduced below.
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The content of the third lesson was related todiksolution process in which the purposes were to
make students to learn the process of dissolutmepmprehend the difference between dissolution
and melting, and to realize dissolution processiireq a physical change. Besides to the objectives,
the teacher was aware of the common alternativeegions students have about the dissolution
process, the sequence of the STAD method of cotiperkearning, and the materials to be used
during the lesson, all of which were introducedte relevant lesson plan (see Appendix | for the
second lesson plan). The teacher started the ldssetating the content and the aims to be achieved
at the end of that lesson. Moreover, the fundanh@émjgortance of dissolution in real life situations
were emphasized through giving examples, like gaput when the cover of gaseous liquids are
opened, decompression, dialysis, and industridiegjons of mixtures. The primary function of the
teacher presentation was to provide necessary lenigel base about the concepts of mixtures to be
enhanced in team studies. Instead of explainingngfic concepts directly, the teacher asked
conceptual questions to make students think abdmutréasons of scientific events without giving
correct answers of them, such as:

» Does a new substance form as a result of dissobaitgnto water?

* What happens to salt when added to water?

* Do you think that salt disappears when mixed witliex since it becomes invisible?
» Do you think that salt melts after put into water?

* Is saltis absorbed by water during dissolution?

Majority of the students stated that they have néwveught about what happens to salt when added to
water. The teacher created a discussion environfoerda few minutes and gave the definition of
dissolution as the amount of matter dissolved i@ a0 solvent at constant temperature and pressure.
In addition to the well-known definition of dissdilon, the teacher tried to explain how dissolution
takes place on the conceptual basis by drawingcpéate representations of various solutions on the
board. For instance, the teacher told that thegbestof salt and water interact vigirously whempyth
are mixed together to form the homogeneous mixame represented the solution composed of salt
and water as in the Figure 3.2. The speed of thataction can be increased by stirring or makadg s
smaller, whereas none of the specified factorsegeired for salt to be dissolved in water which is
related to the nature of these substances (theftlike dissolves like” was the topic of the foling
lesson). Although the knowledge provided by thehea were the topics of the following lessons, the
teacher mentioned them to construct knowledge-fraghe future concepts and to ensure conceptual
understanding of the dissolution process at theraw@opic level. Right after explaining the
dissolution process, the teacher posed the corafeptelting through stating that it describes the
process where a solid changes to liquid by takiegt.hTo sum up, the teacher tried to present the
concepts in a manner to make students to underitarr@ason of scientific events.
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Figure 3.2 Representation of salt dissolved in wate

After 15-minute teacher presentation, the studemiie advised to take group order for studying on

the worksheet with their teammates. The workshaestipned the concept of how to represent sugar
added into water (see Appendix J for the third héag activity). It was assumed that there were five

representations drawed by students (Figure 3.3)tl@dyroups were required to discuss on which

drawing(s) represents correct appearance of suigkdainto water. The groups, furthermore, required
to explain their reasons of specifying each ofghgicular drawing as correct or incorrect.
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—— water
—— sugar
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Figure 3.3 Teaching activity regarding the disdoluprocess

As indicated in the Figure 3.3, the drawings ineldidbne correct choice (i.e. the beaker B) and four
possible alternative conceptions regarding theotliien process (Prieto et al., 1989; Abraham gt al
1992; Abraham et al., 1994; Ebenezer & Ericksor§6l9/alanides, 2000a; Calik & Ayas, 2005a;
Uzuntiryaki & Geban, 2005; Calik, 2006). The altdime conceptions to be tested with the third
worksheet were: “dissolving is a process of commgniwo or more substances chemically” as
presented in the beaker A, “Solute disappears/fagiporates during dissolution” as indicated in the
beaker C, “all mixtures are heterogeneous in ndasenarked in the beaker D, and “a new substance
forms as a result of dissolution” as shown in tleaker E. The primary purpose of preparing the
worksheet was to make students to dissatisfy wi#ir tcurrent cognitive structures by introducing
common alternative conceptions about the dissaluppoocess. Students tried to be dissatisfied
because it is the first condition for alternativanceptions to be overcome. Had dissatisfied, stsden
explore intelligible, plausible and fruitful knovdge for explaining the scientific phenomena, for
which the current knowledge was not adequate. Afpamh alternative conceptions included in the
activity, students challenged each other’s conoeptivhile they were studying in teams to be able to
complete the activity. SCLG were formed by welldsturing the basics of cooperative learning to
create a learning environment where students catlezs to think profoundly by sharing their own
ideas. Members exerted efforts to learn and toube that every members of their group learned the
activity. Furthermore, the teacher filled the graalypservation checklist out by observing the groups
while they were studying on the worksheet and aslexthin questions to increase the quality and
quantity of discussions managed constructively ®mimers having divergent roles to complete the
worksheet. The following questions can be repodsdample questions asked by the teacher while
students were studying in their teams:

e Where is the sugar in the beaker C?

* Do you think sugar-water is a new substance?

e Can it be possible for sugar to precipitate atathitom of the beaker D?
*  What kind of mixture does it in the beaker D?

After explaining their reasons of specifying eadhttee particular drawing as correct or incorrect,
students were further asked to express the follgwimestions:

* How dissolution takes place?

* What melting means?

e Can we symbolize sugar-water solution with a chahfmrmula? Why?

» Does sugar-water is a new substance that diffen fte components? Why?
e What kind of mixture do we have when sugar adddgdad

* How can you explain the precipitate present abtittom of the cup of tea?

The reason of putting these questions into theviactivas to test students’ conceptual understanding
after they have discussed potential alternativeeptions with their teammates. Students did not onl
challenge each other’s conceptions but also proviaborated help and assistance to each other to
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make challenging knowledge more intelligible andugible. The last two questions in the worksheet
ensured fruitfulness of new knowledge since theyired groups to transfer what they have mastered
to real life contexts. It can readily be said thia¢ team study step of the STAD met all of the

conditions of conceptual change and basics of aatipe learning except small group processing

which is the basic to be structured at the endheflésson (see Table 3.14 for the order of treatmen
and their corresponding function for structuring thasics of CLCC treatment).

Following team study, students took individual g in which members were not allowed to help
each other. The content of the quiz involved thecepts learned during teacher presentation and team
study (see Appendix K for the first quiz). In adulit to forming four-member groups, assigning
interconnected roles, and selecting randomly aivishgal to report answers of the group, students
were tested individually to assess how accountdtdg were. After collecting quiz sheets, students
completed the WHGQ through reflecting on the quatif their interaction and cooperation as a
group. The WHGQ included items related to sociallssistudents have been trained on at the
beginning of the study. One of the group’s membéos, instance, complained about limited
democracy when they were filling worksheets outdémsuch a circumstance, the teacher carefully
observed how teammates would resolve such a probldmareas did not intervene simultaneously.
After a week, the teacher experienced that thepgnoembers were working well together by listening
to each other, taking turn, and sharing leadershipthe end of the lesson, the teacher provided
feedback to whole class according to the recordeefyroup observation checklist and motivated all
students to frequent use of interpersonal and sgnalip skills. As well as social skills, the teache
checked whether each student understood the coaofetite lesson meaningfully through asking
students the definition of the dissolution proceiss,difference between dissolution and meltingl, an
the daily life examples of dissolution. Although mtiened sevaral times, the teacher summarized the
concepts of interest and associated them with et&icexamples to make the new knowledge
intelligible, plausible, and fruitful.

Collected worksheets related to the dissolutiorcgse were distributed groups in the following first
lesson to make them see what they have done imtlyrrand to learn the scientifically correct
knowledge. Moreover, individual improvement scoaesl team scores based on individual quizzes
were announced in the bulletin board. The team skotlve greatest improvement was recognized as
the winner team whose members were assigned a congnamle. Table 3.14 summarizes CLCC
treatment by the means of STAD took place in th& G@nd to what they served in terms of the
basics of cooperative learning, and the stepseoSHAD, chronologically.
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Table 3.14 Chronological order of the treatmerthin SCLG and the corresponding outcome

Treatment Outcome(s)
Students were trained on social skills Interperband Small Group Skills

Four-member heterogeneous groups were formed bindividual Accountability
the teacher Heterogeneity

Students gave a name to their groups Positive itiednterdependence

The seating arrangement was done according to the~ace-to-Face Promotive Interaction
group order Positive Environmental Interdependence

Each member of groups was assigned a base score  al [Eghts
The teacher presented the content STAD
Students worked on activities within groups STAD

The teacher motivated students to use social skills Interpersonal and Small Group Skills
while they were studying in teams

Students tried to master the activity and be cweet Positive Goal Interdependence
every members of the group have mastered the

activity
Students challenged each other’s conclusion, gage #romotive Interaction
received help Interpersonal and Small Group Skills

Each member was assigned complementary roles tiRositive Role Interdependence
were changed in each activity

The reporter was randomly selected by the teacher ndivitlual Accountability

Each group was assigned two worksheets PositivelRes Interdependence
Students were tested individually Individual Acctability

STAD
Individual improvement scores were computed STAD

Each member of the group was assigned a commorPositive Reward Interdependence
grade

The team(s) showed highest improvement was madPositive Outside Enemy Interdependence
public by the means of bulletin board

The teacher encouraged the winner team to celebraRpsitive Celebration Interdependence
joint efforts STAD

Groups filled the WHGQ out Small Group Processing

The teacher shared the records held by the means aVhole-Group Processing
the group observation checklist Individual Accountability

The teacher asked random questions Individual Autadnility
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3.7.2.Treatment in the Unstructured Cooperative LearningGroups

The 60 students (i.e. two classes) within the UGL&3e instructed with Cooperative Learning based
on Conceptual Change without Well-Structuring thesiBs of Cooperative Learning (CLCC(-)) by
the means of the STAD.

Similar to students in the SCLG, students in theLBCwere instructed about the nature of
cooperative learning and STAD. However, there wgeeat difference between the two trainings, that
is, the teacher informed students in the UCLG inegal without exerting any efforts to the basics of
cooperative learning. In brief, UCLG did not reeeisocial skill training, in the first lesson. Statke

told that they would work in groups up to the eridh@ concepts of mixtures. On the contrary to the
SCLG, students in the UCLG selected their own teatemwhich caused groups to be homogeneous
in terms of gender and ability. Moreover, studeptsfer to work with their close friends. After
forming groups, students were advised to sit tageith the group order while they were studying on
activities. Similar to SCLG, each member of groupes assigned a base score to be used when
computing individual improvement scores gained digtoindividual quizzes.

The lessons were proceeded in the UCLG as in the&sS@at is, STAD was used as the cooperative
learning method within both of the treatment groapd the STAD has a regular cycle of five major
components namely class presentation, team stumltyidual quizzes, individual improvement
scores, and team recognition. Besides to the waylabsons were carried out, the students in the
UCLG were tried to be dissatisfied with their curreognitive structures through administering the
same teaching activities to teams (explained béhodetail while reporting a sample lesson by the us
of CLCC(-)). In brief, SCLG and UCLG did not diffar the steps of the STAD and the conditions of
conceptual change, whereas the basics of coopetlativning were not well-structured in the UCLG,
in contrast to SCLG.

In UCLG, team study was perceived by the membess@smpulsory practice that they have to obey,
which was directed by a permanent leader. Theree et any efforts to structure positive goal
interdependence and any other types of positiedependence which prevent promotive interaction,
in turn. For example, students were not assign@pbeEmentary and changing roles but determining
solely a permanent leader of the group and worksheere assigned according to the number of
students per group (i.e. four or five) so they wid share any material or information with eacheoth
Instead of studying as a group, each member toideiarn the assigned material for his/her own right
not for other members of the group. When team stuayipleted, individual students took the same
quizzes with that of SCLG students, which ensurgtividual accountability. However, this does not
mean that individual accountability was structucexdnpletely because individual tests are only one
way of establishing individual accountability. Te bble to well-structure individual accountability,
the students might have been assigned the roleexker or random oral examinations, or the teacher
might have observed the groups while they were ingrkvithin their teams. None of the specified
ways were incorporated in the UCLG. The individugglizzes were collected and scored by the
researcher on the basis of individual improvemgatesn. However, team scores were not computed
because an individual who showed the greatest imepnent was made public in the bulletin board
rather than a group. In other words, members ofraup did not interdepend each other since
individuals were rewarded based on their own peréorce, which is the predominant reward
structure within traditional learning groups (Skavd& Cooper, 1999). The success was celebrated
solely by the individual performed highest improvem Moreover, students did not reflect on the
quality of team study at the end of each lessaat, it there were no small group processing. The
teacher observed groups unsystematically withdlindithe group observation checklist out. At the
end of the lesson, the teacher required studenexptain learned concepts in their own words,
assessed if students understood the concepts atel meaassary connections with previous concepts,
and tested whether students were able to intembdarned concepts to be used in different contexts
all of which were performed to make the scientdancepts intelligible, plausible, and fruitful. In
brief, the frame of unstructured cooperative laagngroup favored individualistic learning with
talking in such a manner that each individiualdsauntable only for ownself, assessed and rewarded
individually instead of group as a whole. The lessiout the dissolution process was presented
below as a sample lesson carried out by the CLA&¢He UCLG.
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In the UCLG, the same discourse and sequence Waw/éal while lessons were carried out as in the
SCLG since both of which were instructed by the mseaf STAD method of cooperative learning, but
the way of structuring basics of cooperative leagndiffered markedly. As noted in the CLCC
treatment, the objectives of the third lesson i @LCC(-) treatment were to make students to learn
the process of dissolution, to comprehend the miffee between dissolution and melting, and to
realize dissolution process requires a physicahgbaln particular, the teacher started the legson
stating the content and the aims to be achievéldeagnd of that lesson, and the essential impagtanc
of dissolution process in real life situations. Timain function of the teacher presentation was to
develop students’ knowledge base. Instead of exiplgiscientific concepts directly, the teacher dske
conceptual questions to make students think abdlmutréasons of scientific events without giving
correct answers of them, such as “what happenaltevhen added to water?”, “do you think that salt
melts after put into water?”. The teacher creatdieussion environment for a few minutes and gave
the definition of dissolution as the amount of reattlissolved in 100 ml solvent at constant
temperature and pressure. In addition to the wedhkn definition of dissolution, the teacher tried t
explain how dissolution takes place on the cona@diasis by drawing particulate representations of
various solutions on the board. For instance, #dazher told that the particles of salt and water
interact vigirously when they are mixed togethefdiom the homogeneous mixture and represented
the solution composed of salt and water (see Fi@uPg. The speed of that interaction can be
increased by stirring or making salt smaller, whsraone of the specified factors are requireddtir s
to be dissolved in water which is related to theureof these substances (the rule of “like diss®lv
like” was the topic of the following lesson). Althgh the knowledge provided by the teacher were the
topics of the following lessons, the teacher memtbthem to construct knowledge-base for the future
concepts and to ensure conceptual understanditigeadissolution process at the microscopic level.
Right after explaining the dissolution process,tdacher posed the concept of melting throughngtati
that it describes the process where a solid chatmgégquid by taking heat. To sum up, the teacher
tried to present the concepts in a manner to mak#ests to understand the reason of scientific
events.

After 15-minute teacher presentation, the studemtie advised to take group order for studying on
the worksheet with their teammates and the sam&shieet asking how to represent sugar added into
water was assigned to groups. The primary purpbgeeparing the worksheet was to make students
to dissatisfy with their current cognitive struetsrby introducing common alternative conceptions
about the dissolution process. Students tried talibgatisfied because it is the first condition for
alternative conceptions to be overcome. Had difsedi students explore intelligible, plausible and
fruitful knowledge for explaining the scientific ehomena, for which the current knowledge was not
adequate. The teacher asked critical questionsvghildents were studying in their teams, such as
“can it be possible for sugar to precipitate atltb&om of the beaker D?”, “where is the sugaria t
beaker C?”. After explaining their reasons of sfy@ng each of the particular drawing as correct or
incorrect, students were further asked to exprbesfallowing questions: “how dissolution takes
place?”, “what melting means?”, “what kind of mis¢wdo we have when sugar added to tea?”.

The reason of putting these questions into theviactivas to test students’ conceptual understanding
after they have discussed potential alternativeceptions with their teammates. The last question in
the worksheet ensured fruitfulness of new knowlesigee it required groups to transfer what they
have mastered to real life contexts. It can reda#ysaid that the team study step of the STAD ithet a
of the conditions of conceptual change but not nabshe basics of cooperative learning (see Table
3.15 for the order of treatment and their corresjm function for the CLCC(-) treatment). For
instance, members committed little to each otherserstanding the concepts, whereas tried to
understand the concepts for their own since all besiwould be tested individually. The teacher
walked among groups while they were trying to catelthe worksheet and observed how groups
work together without filling the group observatiochecklist. During team studies, members of the
same groups did not interact and cooperate effelgtivecause they were not trained on social skills.
Actually, members were good at personal relatigpsshivhereas not good at academic discourse. In
other words, members did not promote each otheashing since any efforts were made to structure
positive interdependence.
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Students were tested individually after they hasmgleted team study as in the CLCC treatment,
which met the individual accountability element oboperative learning. However, apart from
individual test, which is actually one of the stegfsthe STAD, any efforts were made to well-
establish individual accountability (see Table 3.IFherefore, it can be said that there were lichite
individual accountability in the CLCC(-) treatmeirtad collected quiz sheets, the teacher asked for
volunteers to report their groups’ answers to therksheet. At the end of the lesson, the teacher
checked whether students understood the contehedesson meaningfully through asking students
the definition of the dissolution process, theeliéince between dissolution and melting, and thg dai
life examples of dissolution. Although mentionedaral times, the teacher summarized the concepts
of interest and associated them with concrete elesmm make the new knowledge intelligible,
plausible, and fruitful.

Next lesson, the completed quizzes were distribtddlde owner of the quiz, not to the group ashin t
CLCC treatment. Instead of computing team scoresedaon individual improvement scores,
individual improvement scores were made publiche bulletin board. The individual showed the
greatest improvement was recognized as the wimméingmbers were assigned a grade according to
their own improvement scores. Table 3.15 presdatsf CLCC(-) by the means of STAD and the
meanings of the procedures in terms of the bagdiceaperative learning, and the steps of the STAD,
chronologically.
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Table 3.15 Chronological order of the treatmerthinUCLG and the corresponding outcome

Treatment Outcome(s)

Students were not trained on social skills No imesonal and Small Group Skills

Four-member groups were formed by the students  vibhehl Accountability
Homogeneity

Students did not give a name to their groups Ndtireddentity Interdependence

The seating arrangement was done according to tRace-to-Face Promotive Interaction
group order Positive Environmental Interdependence

Each member of groups was assigned a base score al Eights
The teacher presented the content STAD
Students worked on activities within groups STAD

Students tried only to master the activity for thei No Positive Goal Interdependence
own

Students did not commit each other’s learning No Promotive Interaction

One member in each group was assigned the No Positive Role Interdependence
permanent leadership role

Voluntary members reported their group’s answer&imited Individual Accountability

Each group was assigned four worksheets No Positive Resource Interdependence
Students were tested individually Individual Acctability
STAD

Individual improvement scores were computed  STAD

Members of a group received different grades NsitRe Reward Interdependence
The individual(s) showed greatest improvement wiio Positive Celebration Interdependence
made public by the means of bulletin board and STAD

celebrated personal efforts

Groups did not reflect on the quality of workingan No Group Processing
group
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3.7.3.Treatment in the Control Groups

The 60 students (i.e. two classes) within the CGewastructed with TI, which included direct
instruction and teacher guided-discussion. Theheaexplained the content in detail while the
students were listening and taking notes. The dinth® teacher was to cover as much content as
possible in a lecture hour without considering $ide of the students. In other words, the teacher
expressed all of the scientific knowledge direchd asked lower level questions (i.e. factual and
knowledge level questions) to students. The wayntdraction was one dimensional. There were
limited interaction between the teacher and theesits, whereas no interaction among the students
because student-student interactions were perceigatbise which results in disciplinary problems
between the teacher and the students. The roleeofeacher was the expert or authority who knew
every bits of knowledge regarding the mixtures. Bhadents, on the other hand, listened to their
teacher carefully by taking notes to be studieatmeéxams. The students in the CG did not work in
groups on worksheets, but they were assigned thiesiveets and quizzes as homeworks to be studied
at home. The teacher gave answers of the workshemisighly and students did not question
themselves when they were confused with an unfamiloncept. In brief, the teacher did not show
any efforts to overcome students’ alternative cptioes and the instruction favored rote learning
rather than meaningful learning which requires shisl to link previous and new knowledge. The
lesson about the dissolution process was preséiesy as a sample lesson carried out by the Tl in
the CG.

The same objectives were pre-determined for thd thsson in the CG, which were to make students
to learn the process of dissolution, to comprehtedlifference between dissolution and melting, and
to realize dissolution process requires a physibahge. Eventhough the same aims, the students in
the CG were instructed by the Tl where studenthéghindividually. There were not any efforts for
structuring the basics of cooperative learning, steps of STAD, or the conditions of conceptual
change. In particular, the teacher began the tleisdon by directly giving the description of the
dissolution process as the amount of matter dissbim 100 ml solvent at constant temperature and
pressure. Just after explaining the dissolutioncgss, the teacher passed through the process of
melting and stated that it is a physical changentpklace by giving heat to solids. Then, the teach
expected students to give examples of solutionsostingly, students gave salt-water, sugar-water,
alcohol-water as examples of solutions. Althougldents gave only well-known solutions of water,
the teacher did not extend examples but passedate a graph indicating the amounts of dissolved
NaCl, KNG;, NaNGQ;, and KCI at different temperature values (see feigd14). The teacher asked
following questions to the students:

e What will be the amount of dissolved matter whem dimount of solute is lowered up to
half of the initial amount?

e What will be the amount of dissolved matter whes dmount of solvent is raised up to
twice of the initial amount?



81

@ NaNO;
=
1]
g KNO-
2=
2
2
a E
n o
a2
5 2 KCl
= NaCl
=
Q
=
a
0 20 40 60
Temperature (°C)

Figure 3.4 The amount of dissolved substancedfareint temperatures

The activities and quizzes were assigned to stsdenbe solved at home by working alone, the
answers of which were given readily by the teadhehe next lesson. The teacher asked questions to
the voluntary and successful students that werkidh@and knowledge-level in nature. The lesson
completed with offering if there were any questioglated to the dissolution process.

3.8. Analyses of Data

As noted in the section 3.4, two types of data veeltected by the specified instruments, which were
quantitative and qualitative data. Quantitativeadafere collected to analyze the first and second
research questions and qualitative data were gathierexamine the third research question:

1. Is there a statistically significant population anedifference among the groups
exposed to variations of cooperative learning basedconceptual change and
traditional instruction with respect to studentsiderstanding the concepts of
mixtures?

2. Is there a statistically significant population anedifference among the groups
exposed to variations of cooperative learning basedconceptual change and
traditional instruction with respect to studentsotimation (Self-Efficacy for
Learning and Performance, Task Value, Control cdrhing Beliefs, Test Anxiety,
Mastery Approach Goals, Mastery Avoidance GoalsfdPmance Approach Goals,
Performance Avoidance Goals)?

3. What are grade nine students’ conceptions abeutdhcepts of mixtures?

The quantitative data were analyzed statisticajlyubing SPSS 20 for Windows. Data list of SPSS
involved type of instruction, gender, age, last sst@r chemistry course grade, mother education
level, father education level, pretest and postsestres of the participating students. Four of the
students (2.2 %) were excluded from the data iistesthey have not taken any of the pretests and
posttests. The data collected from the remaining dftidents were analyzed with descriptive and
inferential statistics. The IV of the study was tiipe of instruction with its three levels and b¥s



82

were students’ understanding the concepts of mes{uBELP, TV, CLB, TA, MAP, MAV, PAP, and
PAV. Due to collective DVs, Multivariate Analysi$ Wariance (MANOVA) was performed initially

for pretest scores of all of the nine DVs to cohtsbether there was a significant mean difference
among students in the SCLG, UCLG, and CG with reispe their understanding the concepts of
mixtures and motivation. Although the results irdéd that there were not statistically significant
mean difference among the groups with respect étept scores (see Section 4.1.2), the correlations
among pretest scores were computed as they wezati@btvariables that may increase error variance.
Stevens (2009) reported that pretest scores casdigned as covariates to diminish error variahce i
they are continuous variables, correlated belowwBB each other, and correlated significantly with
the dependent variable, eventhough groups did iffet dignificantly on pretest scores. Pretest ssor
were continuous in nature and they were correlatddw .80 with each other, whereas they had not
significant correlations with most of the other DMderefore, the statistical technique for analgzin
posttest scores was justified as MANOVA, that testdether significant differences exist among the
groups exposed to variations of cooperative legriiased on conceptual change and traditional
instruction with respect to students’ understandh@concepts of mixtures and their motivation. (i.e
the first and second research problems). The atiabtdata, furthermore, were assembled to analyze
students’ conceptions about the concepts of mistupeofoundly (i.e. the third research problem).
Semi-structured interviews were audio-taped, trdbed, and coded in order to be able to gather
students’ conceptions under general themes (s¢iersdc4).

3.9. Internal Validity

The greater the internal validity of an experimérgudy, the greater the control of extraneous
variables that might have a potential to threatenresults of the study. In other words, reseascher
conducting an experimental study desire to invagtigonly the effect of independent variable(s) on
dependent variable(s), which actually indicatesrgjth of the study (Fraenkel & Wallen, 2003). This
section presents possible threats to internal ialid an experimental study, subject charactassti
mortality, location, instrumentation, testing, bist maturation, attitude of subjects, regression,
implementation, and the ways of minimizing theimfation in the present study, respectively.

In general, researchers manipulate independerdabla(s) and compare the effect of the manipulated
variable across different groups on dependent big(g) to investigate cause-and-effect relatiorship
in experimental research studies. However, the waaly to compare groups on certain variables is to
have groups that are similar on the measured Jaridlefore experiment is conducted. If possible,
randomization is the best way to equate subjectsestain characteristics. Random assignment of
subjects to various treatment groups was not plessilthis study due to administrative constraints,
whereas intact classes were assigned to the treaffn@ups randomly. In addition to randomization,
using Analysis of Covariance (ANCOVA or MANCOVA) idbe a way to eliminate threats due to
subject characteristics. The participating studeprstest scores were evaluated whether or not they
are appropriate to be covariates, but they did significantly correlate with the posttest scores.
Accordingly, Multivariate Analysis of Variance (MAD\VA) was conducted to realize whether there
was significant differences among the groups. ®Eseults of MANOVA confirmed that the subjects
were similar in terms of their pretest scores. Mwer, the students were similar on various
demographic characteristics, such as last senmastenistry course grades, gender, age, and education
levels of parents. To sum up, the potential eftédhe subject characteristics threat was dimirdshe
by conducting MANOVA which indicated that studereasemble each other in terms of pretest scores,
and by collecting data about potential characiesstf subjects that might affect the results @& th
present study.

Mortality may threaten results of the study if #hés loss of subjects during treatment. Fraenkdl an
Wallen (2003) advised that outcome of the studyhinime affected by the mortality threat if there is
more than 10 percent of drop outs. In this studyy dour of the 180 students were absent during
either pretests or posttests, who were excludeah fitee datalist, accordingly. Since the number of
students excluded from the study was approximatetypercent, the mortality threat was unlikely to
affect the results of the study.
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Location may threat the results of the study if twmnditions students were exposed to were not
standard (Fraenkel & Wallen, 2003). However, althef sampled students were exposed to two-hour
chemistry lessons per week and lecture hours wistebdited throughly by the administration of the
school, where treatments were carried out. To dshirthe location threat, furthermore, not only
SCLG, but also UCLG and CG students were instruatétde same settings.

Instrumentation may threaten the results of thdysim three ways: data collector characteristiedad
collector bias, and instrument decay (Fraenkel &lI&a 2003). In this study, all of the treatments
were conducted by the same chemistry teacher, vigtabdited measurement tools to students at
regular lecture hours. Since all of the participgtstudents were exposed to the same teacherathe d
collector characteristics were unlikely to resultdeviation of the results. Eventhough, all of the
procedure and data collection were conducted bytélaeher, scoring of the collected data was
performed by the researcher. Moreover, the teawlasr trained for three months before the study
commenced to overcome any conscious or unconsbiags Regarding the instrument decay, which
might occurs if the instrument or the scoring pohaes were altered after the study started, athef
data collection procedures and instruments werabkshed before three months of the study
commenced. It seems, therefore, that the instruationt threat did not violate the outcome of the
study.

The research design of the study incorporated impigation of pretests (see Section 3.1), that might
cause the testing threat (Fraenkel & Wallen, 20B@)wever, since all of the three groups taken the
same pretests, it affects all of them in the saireetion, accordingly. In other words, not only SEL
but also UCLG and CG students were assigned the saetests. What is more, the students were
posttested by the administration of the same testseven weeks later, a long period of time for
remembering the conceptual questions. To conclildetesting was not likely to affect the results of
the study.

History may violate the results of a study whenlanped events happen while implementing the
procedures of the study (Fraenkel & Wallen, 200&)ich cannot be a threat for the present study
since the researcher followed every lessons andatidbserve such an event.

Maturation may intervene with the outcome of thedgtwhen subjects of the study become more
mature as a result of time passed (Fraenkel & WaR803). The main purpose of the current study is
to investigate grade nine students’ understandimgraotivation when they have received instruction

with different teaching methods. None of the degendvariables were anticipated to change

dramatically as a result of getting two months olddoreover, since the study included three

experimental conditions (i.e. SCLG, UCLG, CG) ahd subjects were at the same ages (i.e. 14 to
16), any possible maturation threat would affeetgtudents in the same direction.

Students’ attitudes can be a threat when the iatgion was viewed by students as a novel situation
(Fraenkel & Wallen, 2003). Students in the SCLG arf@LG might feel themselves more novel than
CG students, or students in the CG might believeha@y are less novel as compared to SCLG and
UCLG students. The situation known at the same timéhe Hawthorne effect was minimized in this
study by using already formed groups. In other wpttle subjects of the study were not assigned to
groups one-by-one, but intact groups were assigodteatment groups, which lessened novelty of
treatment. Moreover, the teacher instructed stisdeycooperative learning when he was teaching the
unit just before the concepts of mixtures (i.e.nolwal changes). The aim of the previous cooperative
learning practice was twofold: making the teaclebé able to implement cooperative learning and
helping students be accustomed to be instructambbpgerative learning. When students view teaching
methods except traditional instruction as norntad, novelty of treatment was to be lowered. Finally,
all of the students were exposed to the same cbatemdicated by the objectives of the chemistry
program. Therefore, the necessary precautions viieed to be taken to make observations
independent.

Regression threat may happen when the extremely biglow performing subjects are selected
(Fraenkel & Wallen, 2003). Regression threat wagkely to occur in this study because there were
comparison groups which were determined randomby.nAted previously, the subjects were not
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assigned to treatment groups randomly, whereaswiey not significantly different in terms of their
pretest scores.

Implementation threat might affect the results whigs person who implement treatment favors one
group over the others (Fraenkel & Wallen, 2003)this study, a teacher implemented all procedures
across each treatment group, who was informed eringtruments, instructional materials, and the
aim of the study. The teacher was advised notdorighinate groups from each other by emphasizing
the importance of CG. Furthermore, the treatmenifization was provided by the means of the
classroom observation checklist.

3.10. External Validity

External validity of the study is the extent of geadizing results of a particular study to appraf&i
populations (Fraenkel & Wallen, 2003). The targgpydation of the present study was defined as all
grade nine students attending Anatolian high schimolsparta, that covers 15 schools involving 1500
students. The accessible population, furthermoees @escribed as all grade nine students attending
Anatolian high schools in the center of Ispartajciwhincludes six schools involving 780 students.
Among six schools in the accessible population, ohthe most crowded school consisting of 180
students constituted the sample of the study. Alghathere is not an exact answer to what will kge th
size of sample, the guideline suggested by Fraemkeél Wallen (2003) can be taken into account
which states that a minimum of 30 students pertrireat group is reasonable for experimental
studies. Since 60 students were present per edble diiree group and the sampled students forms 12
percent of the target population, the results @ #tudy can readily be generalized to grade nine
students enrolling Anatolian high schools in Ispart

According to Fraenkel and Wallen (2003), reseasisbiould well-define characteristics of subjects
and environmental conditions, or the results shbeldeplicated to be able to generalize the resflts

a specific study in the case of nonrandom seleaifample from population. Although sample size
seems appropriate to generalize the results freensimple to the whole population, population
generalizibility may be limited due to the naturktbe method through which the sample was
selected. More specifically, since the sample & $tudy was selected by convenience sampling
method, the researcher should define characterisfisample and setting, cautiously. Of the sample
of 180 students, 98 of them were females and ABeyh were males (i.e. four of the students were
excluded from the data set because of their absisntg The students were instructed by the same
chemistry teacher in an Anatolian high school ipalsa in the spring semester of 2011-2012 over
eight weeks in the unit of mixtures. The ages ef participating students ranged from 14 to 16 and
the average last semester chemistry course grddies students were 3.4. Regarding socio-economic
status of students, majority of the students’ mathmssessed high school degrees, whereas most of
their fathers had university degrees. Apart fromdgr nine students attending Anatolian high schools
in Isparta, the results of the present study cageoeralized to similar subjects and settings.

3.11. Assumptions and Limitations of the Study
3.11.1. Assumptions of the Study

. The observations were independent.

The subjects of the study completed all of theigassl instruments sincerely and

seriously.

. The conditions were standard while students widiggfthe instruments out.

. The teacher implemented procedures as intendddnwiitree of the treatment groups
without introducing conscious or unconscious bias.

. Structuring cooperative learning practices accargzh with conceptual change
approach was the unique cause of difference inaéipg students’ understanding the
concepts of mixtures and their motivation.
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3.11.2. Limitations of the Study

The present study was limited to grade nine stisdaitending an Anatolian high school
in the center of Isparta.

The study was limited to the “Mixtures” unit inexmistry.

The treatment of the study was not piloted beémteial implementation.

Independence of observations assumption of the XN might have been violated
since students in the structured cooperative lagrgioups and unstructured cooperative
learning groups worked in groups.

Although reasonable values of fit statistics weoenputed by the Confirmatory Factor
Analyses, they were not within the acceptable Bmit

Nonrandomization was limited the study, whereatdin groups were randomly
assigned to SCLG, UCLG, and CG.

The treatment was verified solely by the observegtiof the researcher.



86



87

CHAPTER 4

RESULTS AND CONCLUSIONS

This chapter presents descriptive and inferentiafistics of pretest and posttest scores of MCT,
SELP, TV, CLB, TA, MAP, MAV, PAP, and PAV, analysetpercentages of responses on the post-
MCT, post-SELP, post-TV, post-CLB, post-TA, post-Apost-MAV, post-PAP, and post-PAV,
analyses of responses of interview questions, andlgsions, respectively.

4.1. Statistical Analyses of Pretest Scores

In this section, descriptive statistics of pre-M@fe-SELP, pre-TV, pre-CLB, pre-TA, pre-MAP, pre-
MAYV, pre-PAP, and pre-PAV were introduced, initallThen, MANOVA results of the specified
dependent variables were presented which was ctedlumefore the study started to investigate
whether there was a significant mean differencerayrthe SCLG, UCLG, and CG with respect to
students’ understanding the concepts of mixtures fire-MCT) and their motivation (i.e. pre-SELP,
pre-TV, pre-CLB, pre-TA, pre-MAP, pre-MAV, pre-PABNd pre-PAV), at .05 significance level by
using SPSS for Windows.

4.1.1.Descriptive Statistics of Pretest Scores

Although four students were excluded from datdlisio students from each of the SCLG and CG)
before statistical analyses were carried out agdchat the section 3.8, three students who were
missing while administering pretests only (two st in the SCLG and one student in the UCLG)
were not excluded from datalist since they weresgmée while administering posttests. Missing data
were replaced with mean scores during statisticalyges as the percentage of missing students was
smaller than 5 % of the total nhumber (i.e. 1.7 %186 students). Table 4.1 exhibits number of
students, mean values, standard deviations, skewanad kurtosis values, and minimum and
maximum scores gained on the pre-MCT, pre-SELRTptepre-CLB, pre-TA, pre-MAP, pre-MAV,
pre-PAP, and pre-PAV in the SCLG, UCLG, and CG.

Table 4.1 presents that the mean values of théVi@'€; pre-SELP, pre-TV, pre-CLB, pre-TA, pre-
MAP, pre-MAV, pre-PAP, and pre-PAV scores were elés each other in the SCLG, UCLG, and
CG, before the study commenced. In order to chewnktiver pretest scores were normally distributed,
the minimum and maximum scores gained on the psetesre compared with the values 3 SD below
the mean values and 3 SD above the mean valueeetifsp scores since 99.7 % of the scores lie
within -3 and +3 SD of the mean values (Hinkle, Wiea, & Jurs, 1988). When the minimum and
maximum scores were analyzed, it can be concludadall of the minimum and maximum values
were within the range of -3 and +3 SD, except maxmscore of the pre-MCT in the CG and the
minimum scores of the pre-TV and pre-CLB in the &Cdnd CG, and the pre-MAP in the SCLG (the
values beyond the range were displayed as shad&eé ifable 4.1). The maximum score of the pre-
MCT in the CG was 3.19 SD above the mean, the mimrscores of the pre-TV were 3.22 SD and
3.02 SD below the mean in the SCLG and CG, themini scores of the pre-CLB were 3.39 SD and
3.50 SD below the mean in the SCLG and CG, andninémum score of the pre-MAP was 3.56 SD
below the mean in the SCLG. Since the specifiedasimark slight variations from the range of -3
and +3 SD, they can be interpreted as acceptaklori8l minimum and maximum scores, skewness
and kurtosis values imply whether the distributmfnscores are normal and the scores within the
range of -2 and +2 is accepted as normal (GeorlyaBery, 2001). As can be inferred from the Table
4.1, the pretest scores were normally distributadesall of the skewness and kurtosis values of the
pre-MCT, pre-SELP, pre-TV, pre-CLB, pre-TA, pre-MABre-MAV, pre-PAP, and pre-PAV scores
in the SCLG, UCLG, and CG were between the range2aind -2.
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Table 4.1 Descriptive statistics of the pretestass@cross groups

N Mean SD Skewness  Kurtosis Min Max
pre-MCT
SCLG 56 11.32 3.05 -0.35 -0.41 5.00 17.00
UCLG 59 11.36 2.83 -0.13 -0.47 5.00 17.00
CG 58 10.59 2.95 0.62 0.79 4.00, 20.00
pre-SELP
SCLG 56 37.65 9.81 -0.58 0.44 11.00 55.00
UCLG 59 37.15 9.47 -0.13 -0.25 14.00 55.00
CG 58 35.09 10.28 -0.22 -0.78 12.00 51.00
pre-TV
SCLG 56 28.09 6.85 -0.53 0.98 6.00 42.00
UCLG 59 29.39 7.71 -0.44 -0.37 8.00 42.00
CG 58 28.53 7.13 -0.76 0.79 7.00 41.00
pre-CLB
SCLG 56 21.05 5.03 -1.07 1.45 4.00 28.00
UCLG 59 20.94 4.56 -0.21 -0.34 9.00 28.00
CG 58 20.97 4.56 -1.09 1.52 5.00 28.00
pre-TA
SCLG 56 22.61 7.16 -0.18 -1.09 9.00 35.00
UCLG 59 22.97 6.51 -0.57 0.22 5.00 35.00
CG 58 23.67 5.89 0.01 -0.13 10.00 35.00
pre-MAP
SCLG 56 11.73 2.45 -1.03 1.62 3.00 15.00
UCLG 59 11.93 2.71 -0.83 0.63 4.00 15.00
CG 58 11.91 2.35 -0.57 -0.20 6.00 15.00
pre-MAV
SCLG 56 9.32 3.28 0.05 -0.91 3.00 15.00
UCLG 59 9.75 3.17 -0.08 -0.50 3.00 15.00
CG 58 9.69 2.88 -0.55 0.50 3.00 15.00
pre-PAP
SCLG 56 10.54 3.04 -0.49 -0.15 3.00 15.00
UCLG 59 10.37 3.45 -0.37 -0.76 3.00 15.00
CG 58 11.48 2.87 -0.74 0.10 3.00 15.00
pre-PAV
SCLG 56 17.16 6.35 0.13 -0.85 6.00 30.00
UCLG 59 18.12 4.64 0.07 0.84 6.00 30.00
CG 58 19.34 5.60 -0.03 -1.02 8.00 30.00
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4.1.2.Inferential Statistics of Pretest Scores

MANOVA was conducted to investigate the sampleddstts’ understanding the concepts of
mixtures and their motivation through collectingaldy the means of the MCT, MSLQ, and AGQ,
before the study was implemented. The assumptidn$/ANOVA would be tested prior to
introducing results of the preliminary analysesjolihare normality, equality of variance, equalify o
covariance matrices, and independency of obsenat{&tevens, 2009). Both the univariate and
multivariate normality were checked for pretestreso The univariate normality was identified by
computing skewness and kurtosis values of the pea&-More-SELP, pre-TV, pre-CLB, pre-TA, pre-
MAP, pre-MAV, pre-PAP, and pre-PAV scores in theL&Z UCLG, and CG. As noted in the section
4.1.1, all of the skewness and kurtosis valuesi@firetest scores were between the range of +2 and
2 across groups. The multivariate normality wasckbd by computing the maximum value for
mahalanobis distance, which should be lower therctitical value established according to number
of dependent variables of studies. Pallant (20@frpduced the critical value for nine dependent
variables as 27.88 that is slightly lower than 88tBe maximum value for mahalanobis distance for
pretest scores (p. 221). Although the maximum vétwemahalanobis distance was higher than the
critical value, univariate normality might be ardicator for the multivariate normality (Stevens,
2009). Accordingly, it can be assumed that the rditgpnassumption of MANOVA was satisfied.
Table 4.2 presents the results of the Levene'sdeshe pre-MCT, pre-SELP, pre-TV, pre-CLB, pre-
TA, pre-MAP, pre-MAV, pre-PAP, and pre-PAV, whichaild be non-significant to be concluded as
the error variances of the specified variablesegpgal across groups. As shown in the Table 4.2fall
the pretest scores were non-significant exceptPgYe; which was significant at .05 significance
level. However, since the pre-PAV scores were ihisted normally and the groups were almost equal
in size (Stevens, 2009), it can be concluded thateiquality of variance assumption of MANOVA
was met.

Table 4.2 Levene’s test of equality of error vacies

F drl df2 Sig.

Pre-MCT 027 2.000 170.000 973
Pre-SELP 518 2.000 170.000 596
Pre-TV 1.053 2.000 170.000 351
Pre-CLB .069 2.000 170.000 933
Pre-TA 2.180 2.000 170.000 116
Pre-MAP 1.086 2.000 170.000 340
Pre-MAV 1.675 2.000 170.000 190
Pre-PAP 1.149 2.000 170.000 319
Pre-PAV 6.090 2.000 170.000 .003

Table 4.3 informs about the significance value ok®B M test which should be greater than .001 to
be able to satisfy the equality of covariance matiassumption of MANOVA (Pallant, 2001).

Therefore, it can be concluded that covarianceioesof the pretest scores were equal across groups
(F(90, 78894.45) = 1.37, p = .01).

Table 4.3 Box's test of equality of covariance ncats

Box's M 132.91
F 1.37
dfl 90
df2 78894.45

Sig. 01
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It was assumed that the observations were indepérsilece any violations of it might limit the
results of the study, severely. Since the prededtysmplemented cooperative learning as one of the
instructional methods, group means were used asrtit@f analyses instead of individual students to
cope with the independency of observations assommutf MANOVA, carefully (Stevens, 2009). In
addition, the researcher observed all lessons éngrioups and tried to be sure that all students
answered the assigned tests by themselves. Fudherthe teacher was warned about independency
of observations during lessons and test administrsit

Had been satisfied the assumptions of MANOVA, tsuits of the analyses of pretest scores can be
introduced. Table 4.4 exhibits the overall resoitsMANOVA for the pre-MCT, pre-SELP, pre-TV,
pre-CLB, pre-TA, pre-MAP, pre-MAYV, pre-PAP, and gPAV. Based on the results shown in the
Table 4.4, it can be concluded that there weresigiificant mean differences among the groups
exposed to variations of cooperative learning basedonceptual change and traditional instruction
with respect to students’ understanding the comscebt mixtures and their motivation, prior to
treatment (Wilks'» = .91, F(18, 324) = .89, p = .60). According toh€n’s guidelines, the value of
partial eta squared fell into small effect sizeegaty since Cohen suggested that .01 indicatesadl sm
effect size, .06 shows a medium effect size anddigglays a large effect size (as cited in Pallant,
2001).

Table 4.4 The overall results of MANOVA for pretesbres

Wilks’ = Hypothesis Error Sj Partial Eta  Observed
Lambda df df 9 Squared Power
GROUP .91 .89 18.00 324.00 .60 .05 .65

4.2. Statistical Analyses of Posttest Scores

In this section, descriptive statistics of post-MQ¥ost-SELP, post-TV, post-CLB, post-TA, post-
MAP, post-MAV, post-PAP, and post-PAV were introddg first. Then, MANOVA results of the
specified dependent variables were presented whigh conducted after the study completed to
investigate the first and second research problems:

« Is there a statistically significant population metifference among the groups exposed
to variations of cooperative learning based on eph@l change and traditional
instruction with respect to students’ understandimg concepts of mixtures (i.e. post-
MCT)?

« Is there a statistically significant population meatifference among the groups exposed
to variations of cooperative learning based on epha@l change and traditional
instruction with respect to students’ motivatiore (ipost-SELP, post-TV, post-CLB,
post-TA, post-MAP, post-MAV, post-PAP, and post-PRV

4.2.1.Descriptive Statistics of Posttest Scores

There were no missing data while posttests werdrastered. Table 4.5 indicates number of students,
mean values, standard deviations, skewness andslaiftalues, and minimum and maximum scores
gained on the post-MCT, post-SELP, post-TV, posBChost-TA, post-MAP, post-MAYV, post-PAP,
and post-PAV in the SCLG, UCLG, and CG.
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Table 4.5 Descriptive statistics of the posttestas across groups

N Mean SD Skewness Kurtosis Min Max
post-MCT
SCLG 58 21.91 2.44 -0.46 -0.94 17.00 25.00
UCLG 60 14.52 4.56 0.82 -0.05 8.00 25.00
CG 58 15.41 3.92 0.92 0.14 10.00 25.00
post-SELP
SCLG 58 42.00 7.38 -0.35 0.95 21.00 56.00
UCLG 60 39.25 8.46 -0.73 0.54 15.00 55.00
CG 58 36.79 10.73 -0.15 -0.43 15.00 56.00
post-TV
SCLG 58 34.81 3.33 0.42 -0.44 29.00 42.00
UCLG 60 24.32 3.45 0.67 0.69 18.00 34.00
CG 58 17.69 2.47 -0.58 0.19 11.00 22.00
post-CLB
SCLG 58 24.48 2.01 -0.14 -0.26 19.00 28.00
UCLG 60 13.48 2.46 0.19 -1.00 10.00 18.00
CG 58 12.43 2.90 0.11 -0.19 6.00 19.00
post-TA
SCLG 58 17.28 3.11 0.09 -0.29 11.00 26.00
UCLG 60 29.58 2.79 -0.98 1.16 21.00 34.00
CG 58 29.07 2.16 0.79 0.44 25.00 35.00
post-MAP
SCLG 58 11.14 1.39 0.11 -0.91 9.00 14.00
UCLG 60 8.77 1.49 -0.32 0.23 5.00 12.00
CG 58 7.90 2.10 -0.31 -0.56 3.00 12.00
post-MAV
SCLG 58 8.71 1.76 -0.84 0.02 4.00 11.00
UCLG 60 8.65 1.78 -0.45 -0.63 5.00 11.00
CG 58 12.79 1.58 -0.79 0.19 9.00 15.00
post-PAP
SCLG 58 8.62 1.53 -0.05 -0.15 5.00 12.00
UCLG 60 12.97 1.56 -0.63 -0.69 10.00 15.00
CG 58 9.33 1.90 -0.01 -0.10 5.00 14.00
post-PAV
SCLG 58 13.76 2.81 0.14 -0.07 8.00 20.00
UCLG 60 19.98 2.55 0.43 0.49 15.00 27.00
CG 58 25.84 2.08 0.02 -0.41 22.00 30.00

As can be inferred from the Table 4.5, there wenpaegent differences among the mean values of
SCLG, UCLG and CG in terms of posttest scores.driiqular, patterns of the post-MCT and post-

CLB scores were similar in which the mean valuethenSCLG (the mean value of the post-MCT was
21.91 with the SD of 2.44, the mean value of thet4&tl B was 24.48 with the SD of 2.01) were

greater than the mean values in the UCLG (the mehre of the post-MCT was 14.52 with the SD of

4.56, the mean value of the post-CLB was 13.48 tiiéhSD of 2.46) and the mean values in the CG
(the mean value of the post-MCT was 15.41 withSBeof 3.92, the mean value of the post-CLB was
12.43 with the SD of 2.90), which were close toheather. On the contrary, the mean value of the
post-TA scores in the SCLG (mean: 17.28, SD: 3vidy lower than the mean values of the post-TA
scores in the UCLG (mean: 29.58, SD: 2.79) andrthan value in the CG (mean: 29.07, SD: 2.16),
which were close to each other. Patterns of th&pdsand post-MAP scores were similar in which

the mean values in the SCLG (the mean value gbdiseé TV was 34.81 with the SD of 3.33, the mean
value of the post-MAP was 11.14 with the SD of ].8&re greater than the mean values in the
UCLG (the mean value of the post-TV was 24.32 wlith SD of 3.45, the mean value of the post-
MAP was 8.77 with the SD of 1.49), which were geeahan the mean values in the CG (the mean
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value of the post-TV was 17.69 with the SD of 2.thg, mean value of the post-MAP was 7.90 with
the SD of 2.10). In fact, the same pattern wittséhof post-TV and post-MAP took place for the post-
SELP scores, whereas the mean values slightly dranighe case of post-SELP, that is, the mean
value of the post-SELP was 42.00 with the SD o87rBthe SCLG, the mean value of the post-SELP
was 39.25 with the SD of 8.46 in the UCLG, andriean value of the post-SELP was 36.79 with the
SD of 10.73 in the CG. In contrast to the casqsost-TV, post-MAP, and post-SELP, the mean value
of the post-PAV scores in the SCLG (mean: 13.76; &B1) was lower as compared to the mean
values of the post-PAV scores in the UCLG (mean989SD: 2.55), which in turn lower than the
mean values of the post-PAV scores in the CG (m2ar84, SD: 2.08). The mean value of the post-
MAV scores in the SCLG (mean: 8.71, SD: 1.76) welase to the mean value of the post-MAV
scores in the UCLG (mean: 8.65, SD: 1.78), bothvbich were lower than the mean value of the
post-MAV scores in the CG (mean: 12.79, SD: 1.5®)ally, the mean value of the post-PAP scores
in the SCLG (mean: 8.62, SD: 1.53) were close éorttean value of the post-PAP scores in the CG
(mean: 9.33, SD: 1.90), both of which were lowerrththe mean value of the post-MAV scores in the
UCLG (mean: 12.97, SD: 1.56).

In order to check whether posttest scores were albyndistributed, the minimum and maximum
scores gained on the posttests were compared hdthialues 3 SD below the mean values and 3 SD
above the mean values of pretest scores since%®%7¥ the scores lie within -3 and +3 SD of the
mean values (Hinkle et al., 1988). When the mininamd maximum scores were analyzed, it can be
concluded that all of the minimum and maximum valweere within the range of -3 and +3 SD.
Beyond minimum and maximum scores, skewness artddisivalues imply whether the distribution
of scores are normal and the scores within thegarig2 and +2 is accepted as normal (George &
Mallery, 2001). As can be inferred from the TablB,4he posttest scores were normally distributed
since all of the skewness and kurtosis values @ptist-MCT, post-SELP, post-TV, post-CLB, post-
TA, post-MAP, post-MAV, post-PAP, and post-PAV seerin the SCLG, UCLG, and CG were
between the range of +2 and -2.

4.2.2. Inferential Statistics of Posttest Scores

The first and second research problems were téistedgh conducting MANOVA with the following
null hypotheses:

« There is no statistically significant population anedifference among the groups
exposed to variations of cooperative learning basedonceptual change and traditional
instruction with respect to students’ understandimg concepts of mixtures (i.e. post-
MCT).

« There is no statistically significant population anedifference among the groups
exposed to variations of cooperative learning basedonceptual change and traditional
instruction with respect to students’ motivatiore (ipost-SELP, post-TV, post-CLB,
post-TA, post-MAP, post-MAV, post-PAP, post-PAV).

Before reporting the results of posttest scoresdnapon MANOVA, normality, equality of variance,
equality of covariance matrices, and independeriaybservations would be tested (Stevens, 2009).
Univariate and multivariate normality were conteadllboth of which indicated that the distribution of
posttest scores were normal. The former was idedtlfy computing skewness and kurtosis values of
the post-MCT, post-SELP, post-TV, post-CLB, post; past-MAP, post-MAV, post-PAP, and post-
PAV scores in the SCLG, UCLG, and CG. As mentiomethe section 4.2.1, all of the skewness and
kurtosis values of the posttest scores were betwlemmange of +2 and -2 across groups. The latter
was determined by interpreting mahalanobis distavideh is indicated in the Table 4.6. To be able to
conclude that there were no multivariate outliéme, maximum value for mahalanobis distance should
be lower than the critical value established adogrtb number of dependent variables of studies. Th
maximum value of mahalanobis distance was 23.58dgh in the Table 4.6), which was compared
with 27.88, the critical value for nine dependeatiables of the current study as presented by iRalla
(2001, p. 221). Since the maximum value of mahdlandistance was lower than the critical value
for nine dependent variables, it can be concludeat tmultivariate normality assumption of
MANOVA was satisfied.
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Table 4.6 Mahalanobis distance

Minimum  Maximum Mean SD N

Predicted Value .66 3.57 2.00 .79 176
Std. Predicted Value -1.70 1.2 .00 1.00 176
Std. Error of Predicted Value .03 .08 .05 .01 176
Adjusted Predicted Value .64 3.60 2.00 .79 176
Residual -57 .69 .00 22 176
Std. Residual -2.54 3.09 .00 .97 176
Stud. Residual -2.62 3.23 .00 1.00 176
Deleted Residual -.60 .75 .00 .23 176
Stud. Deleted Residual -2.67 3.33 .00 1.01 176
Mabhal. Distance 1.7 23.56 8.95 3.41 176
Cook’s Distance .00 .10 .01 .01 176
Centered Leverage Value .01 .14 .05 .02 176

Table 4.7 presents the results of the Levene’sfeeshe post-MCT, post-SELP, post-TV, post-CLB,
post-TA, post-MAP, post-MAV, post-PAP, and post-PAwhich should be non-significant to be
concluded as the error variances of the specifaathbles are equal across groups. As shown in the
Table 4.7, only the post-MAV, post-PAP and post-PAkbres allow to fail to reject the null
hypotheses and meet the equality of variance assumpf MANOVA. The post-MCT, post-SELP,
post-TV, post-CLB, post-TA, and post-MAP scores avsignificant at the .05 significance level and
variances of the specified variables were not eqeabss groups. However, since scores of the
mentioned variables were normally distributed, gheups were almost equal in size (Stevens, 2009),
and the F values were not so large, the equalitwasfance assumption of MANOVA can be
considered as satisfied (George & Mallery, 2001).

Table 4.7 Levene’s test of equality of error vacies

F drl df2 Sig.
Post-MCT 7.534 2 173 1001
Post-SELP 4.982 2 173 .008
Post-TV 3.433 2 173 .034
Post-CLB 3.823 2 173 024
Post-TA 5.494 2 173 .005
Post-MAP 6.397 2 173 .002
Post-MAV 1.134 2 173 324
Post-PAP 1.199 2 173 304
Post-PAV 1.910 2 173 151

Regarding the equality of covariance matrices apsiom of MANOVA, the Box’s M test should be
checked which should be greater than .001 to €ailefect the null hypotheses stating covariance
matrices of the dependent variables are equal sigmmsips (Pallant, 2001). As indicated in the Table
4.8, the value was significant at the .05 signifia level that might be a sign for unequal covagan
matrices across groups (F(90, 81838,31) = 2.01,.p0¥ However, since the groups were almost
equal in size, the sample size was large enoughtla significance value was close to the cut-off
point suggested by Pallant (2001) (i.e. .001), ¢lg@ality of covariance matrices assumption of
MANOVA can be considered as satisfied.
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Table 4.8 Box's test of equality of covariance ncats

Box's M 194.84
F 2.01
dfl 90
df2 81838.31
Sig. .00

It was assumed that the observations were indepérgiece any violations of it might limit the
results of the study, severely. Since the predeysmplemented cooperative learning as one of the
instructional methods, group means were used agrtit@f analyses instead of individual students to
cope with the independency of observations assommutf MANOVA, carefully (Stevens, 2009). In
addition, the researcher observed all lessons éngiioups and tried to be sure that all students
answered the assigned tests by themselves. Fudherthe teacher was warned about independency
of observations during lessons and test adminigirsit

After revising the assumptions of MANOVA, the rdsubf the analyses of posttest scores can be
introduced. Table 4.9 marks the overall resultm™afNOVA for the post-MCT, post-SELP, post-TV,
post-CLB, post-TA, post-MAP, post-MAV, post-PAP,dapost-PAV. According to the Table 4.9,
there were significant mean differences among tteugs exposed to variations of cooperative
learning based on conceptual change and traditiansiruction with respect to students’
understanding the concepts of mixtures and thetivation (Wilks’ A = .01, F(18, 330) = 165.72, p =
.00). The partial eta squared value was .90 whegresents a very large effect size according to
Cohen’s guidelines offering small effect size fot,. medium effect size for .06 and large effece siz
for .14 (as cited in Pallant, 2001). More speclfic®®0 % of the total variance of dependent vadgab
could be attributed to the independent variable. fype of instruction). Besides to the effect size
power was computed as 1.00 which could be an ewaém conclude that the probability of making
Type Il error (i.e. finding significant effect whehe effect is actually non-significant) was cofied.

To sum up, the difference among the groups hadetipal significance which could be attributed to
type of instruction that explained 90 % of the tat@riance of post-MCT, post-SELP, post-TV, post-
CLB, post-TA, post-MAP, post-MAV, post-PAP, and p&AV.

Table 4.9 The overall results of MANOVA for posttesores

I Partial
Wilks F Hypothesis df Errordf Sig. Eta Observed
Lambda Power
Squared
GROUP .01 165.72 18.00 330.00 .00 .90 1.00

Table 4.10 introduces the results of MANOVA acrdspendent variables to be able to see on which
dependent variable groups had significant diffeesn®Based on the significance values presented in
the Table 4.10, it can be concluded that there wageificant mean differences among the groups
exposed to variations of cooperative learning basedonceptual change and traditional instruction i
terms of their post-MCT, post-SELP, post-TV, po&BCpost-TA, post-MAP, post-MAV, post-PAP,
and post-PAV scores. In addition, all of the paiita squared values, except the one belongs te pos
SELP which indicating a small effect size, impligat the difference among the groups had a large
practical significance. Power of dependent varigblerthermore, were greater than .80 which can be
viewed as the results of the present study wereesadugh with regard to the Type Il error rate.
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Table 4.10 The results of MANOVA across each depahsariable

Hypothesis . Partial Eta Observed
F df Error df Sig. Squared Power

Post-MCT 67.50 2.00 173.00 .00 44 1.00
Post-SELP 4.90 2.00 173.00 .01 .05 .80
Post-TV 445.20 2.00 173.00 .00 .84 1.00
Post-CLB 421.29 2.00 173.00 .00 .83 1.00
Post-TA 383.03 2.00 173.00 .00 .82 1.00
Post-MAP 57.37 2.00 173.00 .00 .40 1.00
Post-MAV 112.77 2.00 173.00 .00 .57 1.00
Post-PAP 115.64 2.00 173.00 .00 .57 1.00
Post-PAV 339.02 2.00 173.00 .00 .80 1.00

The differences among the mean values of SCLG, U@h& CG in terms of posttest scores were
reported in the section 4.2.1, this section furtieme explains whether or not the specified diffeemn
among the mean values of posttest scores in theGSOICLG and CG were significant. Table 4.11
presents follow up comparisons of posttest scomsng the groups exposed to variations of
cooperative learning based on conceptual changéraditional instruction to be able to understamd i
which of the groups dependent variables had sigifi differences. The following paragraphs were
intended to make mean differences among treatnrenipg on each dependent variable apparent by
referring the Table 4.11, where mean differences giformation about which treatment group has
higher mean scores on the interested dependeabl@and significance values inform about whether
or not those mean differences are significant.
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Table 4.11 Pairwise comparisons of posttest s@pEssS groups

() 1: SCLG, 2: (J) 1: SCLG, 2: Mean Difference Sig
UCLG, 3: CG UCLG, 3: CG (I-3) )
Post-MCT 1 2 7.40 .00
3 6.50 .00
2 1 -7.40 .00
3 -.90 .59
3 1 -6.50 .00
2 .90 .59
Post-SELP 1 2 2.75 .29
3 5.21 .01
> 1 -2.75 .29
3 2.46 A2
3 1 -5.21 .01
2 -2.46 42
Post-TV 1 2 10.49 .00
3 17.12 .00
2 1 -10.49 .00
3 6.63 .00
3 1 -17.12 .00
2 -6.63 .00
Post-CLB 1 2 10.10 .00
3 12.05 .00
> 1 -10.10 .00
3 1.05 .07
3 1 -12.05 .00
2 -1.05 .07
Post-TA 1 2 -12.31 .00
3 -11.79 .00
> 1 12.31 .00
3 .51 .92
3 1 11.79 .00
2 -51 .92
Post-MAP 1 2 2.37 .00
3 3.24 .00
2 1 -2.37 .00
3 .87 .02
3 1 -3.24 .00
2 -.87 .02
Post-MAV 1 2 .06 1.00
3 -4.09 .00
> 1 -.06 1.00
3 -4.14 .00
3 1 4.09 .00
2 4.14 .00
Post-PAP 1 2 -4.35 .00
3 -71 .07
> 1 4.35 .00
3 3.64 .00
3 1 71 .07
2 -3.64 .00
Post-PAV 1 2 -6.22 .00
3 -12.09 .00
2 1 6.22 .00
3 -5.86 .00
3 1 12.09 .00
2 5.86 .00
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There were significant mean differences betweedestts in the SCLG-UCLG and SCLG-CG with
respect to their post-MCT scores, in the favortafients in the SCLG in each case with 7.40 points
and 6.50 points mean differences, respectivehh@lgh post-MCT scores of students in the CG were
.90 points higher than those of students in the GCthe mean difference was not statistically
significant. To conclude, students in the SCLG ustg®dd the concepts of mixtures better as
compared to students in the UCLG and CG.

There was a significant mean difference betweedesits in the SCLG-CG with respect to their post-
SELP scores, favoring students in the SCLG with 24 $oints mean difference. On the contrary,
there were not significant mean differences betwstadents in the SCLG-UCLG and UCLG-CG in
terms of their post-SELP scores, although post-S&ddPes of students in the SCLG were 2.75 points
higher than those of students in the UCLG, and-B&dtP scores of students in the UCLG were 2.46
points higher than those of students in the CGcdiclude, students in the SCLG had higher self-
efficacy for learning and performance as compapestudents in the CG.

There were significant mean differences betweedestis in the SCLG-UCLG and SCLG-CG in
terms of their post-TV scores, in the favor of &g in the SCLG in each case with 10.49 points and
17.12 points mean differences, respectively. Funtioee, there was significant mean difference
between students in the UCLG and CG in terms of thest-TV scores, favoring students in the
UCLG with a 6.63 point mean difference. To conclusteidents in the SCLG had higher task value
than students in the UCLG and CG, and studentsdrCLG had higher task value than students in
the CG.

Similar to the situation in the post-MCT, there seignificant mean differences between students in
the SCLG-UCLG and SCLG-CG with respect to theirtgdsB scores, favoring students in the
SCLG in each case with 10.10 points and 12.05 paimtan differences, respectively. Eventhough
post-CLB scores of students in the UCLG were 1.6®itp higher than those of students in the CG,
the mean difference was not statistically significalo conclude, students in the SCLG had higher
control of learning beliefs as compared to studentke UCLG and CG.

There were significant mean differences betweedestts in the SCLG-UCLG and SCLG-CG with
respect to their post-TA scores, in the favor afdsnts in the UCLG with a 12.31 points mean
difference, and in the favor of students in the ®ith a 11.79 points mean difference, respectively.
Although post-TA scores of students in the UCLGeavéxrl points higher than those of students in the
CG, the mean difference was not statistically igamnt. To conclude, students in the UCLG and CG
had higher test anxiety as compared to studernt®iSCLG.

Similar to the situation in the post-TV, there wsignificant mean differences between studenthen t
SCLG-UCLG and SCLG-CG with respect to their post®iAcores, in the favor of SCLG in each
case with 2.37 points and 3.24 points mean diffexen respectively. Furthermore, there was
significant mean difference between students int& G and CG in terms of their post-MAP scores,
favoring students in the UCLG with a .87 point melifiference. To conclude, students in the SCLG
oriented mastery approach goals more than studetite UCLG and CG, and students in the UCLG
oriented mastery approach goals more than studetiie CG.

There were significant mean differences betweedestis in the SCLG-CG and UCLG-CG with
respect to their post-MAV scores, favoring studentthe CG in each case with 4.09 points and 4.14
points mean differences, respectively. AlthoughtddAV scores of students in the SCLG were .06
points higher as compared to those of student$iénUCLG, the difference was not statistically
significant. To conclude, students in the CG adhpbastery avoidance goals more than students in
the SCLG and UCLG.

There were significant mean differences betweedestis in the SCLG-UCLG and UCLG-CG with
respect to their post-PAP scores, favoring studentse UCLG in each case with 4.35 points and
3.64 points mean differences, respectively. Althopgst-PAP scores of students in the CG were .71
points higher as compared to those of studenténSCLG, the difference was not statistically
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significant. To conclude, students in the UCLG addpperformance approach goals more than
students in the SCLG and CG.

There were significant mean differences betweedestis in the SCLG-CG and UCLG-CG with
respect to their post-PAV scores, in the favor & i@ each case with 12.09 points and 5.86 points
mean differences, respectively. Furthermore, theae significant mean difference between students
in the SCLG and UCLG in terms of their post-PAV &) favoring students in the UCLG with a 6.22
point mean difference. To conclude, students inGi& oriented performance avoidance goals more
than students in the SCLG and UCLG, and studenthénUCLG oriented performance avoidance
goals more than students in the SCLG.

4.3. Analyses of Percentages of Responses

In this section, percentages of responses on thetsd items of the post-MCT, post-SELP, post-TV,
post-CLB, post-TA, post-MAP, post-MAV, post-PAP, dapost-PAV were presented to analyze
students’ understanding the concepts of mixtureb tancharacterize their motivational beliefs and
goal orientations.

4.3.1.The Percentages of Responses on the Post-MCT

The above section revealed that there was a gignifimean difference among the groups exposed to
variations of cooperative learning based on conmdpthange and traditional instruction with respect
to students’ understanding the concepts of mixtuféss section, furthermore, introduces details of
the difference among the SCLG, UCLG, and CG stiglemtderstanding the concepts of mixtures by
examining the percentages of students’ correctoresgs for each of the 25 item on the post-MCT, as
indicated in the Figure 4.1.
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Figure 4.1 Percentages of responses on the postd&t€Es groups

As shown in the Figure 4.1, students in the UCL@ @& had lower percentages of correct response
as compared to students in the SCLG on the itentiseofMCT, except the 12th and 16th items. In the

item 12, students in the CG had higher percentafjesrrect response than students in the SCLG and
UCLG, and in the item 16, students in the SCLG @&l had same percentages of correct response



99

which was higher than students in the UCLG. Amdrmgitems, where students in SCLG, UCLG, and

CG had great mean differences, the items 1, 5, $1,715, 17, 20, 23 and 24 were determined to be
discuss in detail. Besides to mean differences gngooups, the items were selected purposively in a
manner to introduce samples from various contemisred in the MCT, as presented in the Table 3.6.

Item 1 was situated in the MCT to investigate shisifeconceptions about the nature of mixtures on
the basis of a particulate drawing. The percentafeorrect responses were higher in the first-tier
(100.0 % of students in the SCLG, 71.2 % of stuslémthe UCLG, 80.0 % of students in the CG), as
compared to the percentages of correct responge isecond-tier of the item where students were
asked the reason of classifying the drawing as r@ pubstance, a heterogeneous mixture, or a
homogeneous mixture in the first-tier. Hence thepomses were accepted as correct if both of the
two-tiers were answered as correctly, total peages of correct responses were different generally
for the two-tier items. 96.6 %, 48.3 %, and 51.bPstudents in the SCLG, UCLG, and CG answered
the item correctly by classifying the physical carsjion of the drawing as a heterogeneous mixture
and stating the reason as different types of médscare not randomly mixed. Only 1.7 % of students
in the UCLG classified the drawing as a pure sutzstavho thought most probably that “mixtures are
pure substances” as the reason of viewing the dopwabs a pure substance, which is a common
alternative conception found by Stains and TalangR@07). The percentages of students indicated
that the drawing belongs to a homogeneous mixirel(% of students in the UCLG and 20.0 % of
students in the CG), on the other hand, were hitifar the percentages of students who thought that
the drawing represents a pure substance. The pwsshson of considering the drawing as a
homogeneous mixture might be the alternative caimepf “all mixtures are homogeneous”, that is
consistent with the findings of the study conduchydCatu et al. (2007). Although most of the
students considered that the drawing representteadgeneous mixture, a few students in the CG
attributed the reason of choice to “all mixture® dreterogeneous in nature”. Therefore, it was
apparent that students, who determined that thevidgabelongs to a heterogeneous mixture,
exhibited the reason as different types of molecale not randomly mixed, which was the correct
alternative. Percentages of responses given to alsmimative by students in the SCLG, UCLG, and
CG for the item 1 were presented in the Table 4.12.

Table 4.12 Percentages of alternatives across grouphe item 1

HE+ % BN
EE4++) BN
B+ %0 AN Response Percentage
The physical composition of the above drawing is
(1) Pure substance
*(2) Heterogeneous mixture
(3) Homogeneous mixture

Because
SCLG UCLG CG
a. All mixtures are heterogeneous in nature 0 Q 15
b. Mixtures are pure substances 0 3.3 0
*c. Different types of molecules are not randomlixea 96.6 76.7 69.0
d. All mixtures are homogeneous 3.4 20.0 25.9

Iltem 5 assessed students’ conceptions about ha@eldi®n process takes place. As presented in the
Table 4.13, 87.9 % of students in the SCLG, 65.6f%tudents in the UCLG, and 65.5 % of students
in the CG answered the question correctly by gsjatimat dissolution is the process of forming

homogeneous mixture as a result of vigirous intewvadetween the particles of solute and solvent.
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“A new substance forms as a result of dissolutiwa’s the most common alternative conception hold
by students in the UCLG (23.1 %) and CG (23.8 9jctv is in consistent with the findings of
Ebenezer and Erickson (1996) and Uzuntiryaki anda@€2005). Eventhough none of the students in
the SCLG thought that a new substance forms asut & dissolution, approximately 12 % of them
viewed the dissolution as a process in which “sdighppears in liquids” or “solute is absorbed by
solvent”. Similar percentages of students, furttmenpossessed the specified alternative conception
in the UCLG (about 12 %) and CG (about 11%), whiEltonsistent with alternative conceptions
found previously by Prieto et al. (1989), Abrahatrak (1992), and Uzuntiryaki and Geban (2005).
Percentages of responses given to each alterfatigtudents in the SCLG, UCLG, and CG for the
item 5 were presented in the Table 4.13.

Table 4.13 Percentages of alternatives across griouphe item 5

Response Percentage
SCLG UCLG CG

Which of the following is true for the dissolutigprocess?

a. Solid disappears in liquid during dissolution 6.9 6.8 5.2
b. Solute is absorbed by solvent during dissofuti 5.2 5.1 5.5
c. A new substance forms as a result of dissmiuti 0 23.1 23.8

*d. Homogeneous mixture is formed as a result afirgus

interaction between the particles of solute andesdl 87.9 65.0 65.5

Item 6 was included in the MCT to measure whethedents were aware of the difference between
concentrated and saturated, and saturated and safpeated solutions. As shown in the Table 4.14,
94.8 %, 70.0 % and 70.7 % of students in the SALGIL.G and CG answered the item correctly by
expressing that the solubility of sugar-water migtis lower than 0.18 at 2&. Although majority of
students within the SCLG computed the solubilitythaf given mixture correctly, 5.2 % of students in
the SCLG, 20.0 % of students in the UCLG, and 22.4f students in the CG stated that the mass of
the mixture is 118 gram at 2%C. It is obvious from these percentages that stisdeiewed
“undissolved solute as a component of solutiontaithey took undissolved solute into consideration
while calculating the mass of the sugar-water smhjtthat was in accord with the findings of
Pinarbal and Canpolat (2003). Moreover, 10.0 % of studanthe UCLG and 4.9 % of students in
the CG were not able to differentiate between s#édr and super saturated solution and described
super saturated solutions as “the one containirdissalved solute”, as reported by Pinarbend
Canpolat (2003). It is worth to mention that sol@¥) % of students in the CG considered that
“concentrated and saturated solutions are the sawlgth is a widespread alternative conception
reported in the relevant literature (e.g. Calik Q&@)0). Percentages of responses given to each
alternative by students in the SCLG, UCLG, and G3lie item 6 were presented in the Table 4.14.

Table 4.14 Percentages of alternatives across grouphe item 6

18 gram sugar is added to 100 gram water &C2&mperature
After a while, it is observed that certain amouhsiogar settleg Response Percentage
down at the bottom of the beaker. Which of thedfelhg is true
for the sugar-water mixture?

SCLG UCLG CG
a. It is a concentrated solution 0 0 2.0
*b. The solubility of the mixture is lower than 8.at 25°C 94.8 70.0 70.7
c. The mass of the mixture is 118 gram at@5 5.2 20.0 22.4
d. It is a super saturated solution since theraridissolved
0 10.0 4.9
sugar at the bottom
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Students’ conceptions regarding whether or notasudved sugar is a component of the sugar-water
solution were tested by the means of 7th item,afribe two-tier questions included in the MCT. The
percentages of correct responses were higher ifiritdier (89.7 % of students in the SCLG, 67.9 %
of students in the UCLG, 73.7 % of students in @), as compared to the percentages of correct
responses in the second-tier of the item whereestistireasoning about whether or not undissolved
sugar is a component of the solution was aske@®. %9.45.0 %, and 62.1 % of students in the SCLG,
UCLG, and CG answered both tiers correctly by répgrthat undissolved sugar is not a component
of the sugar-water solution since the solution aissd maximum amount of substance to be
dissolved. However, many students in all groupsewenfused with undissolved sugar which was
viewed as an indicator of super saturated solutidssindicated in the Table 4.15, only 3.0 % of
students in the UCLG attributed the reason of wsali®d sugar to lack of stirring process, which was
detected by Blanco and Prieto (1997), Valanide®@2, and Calik and Ayas (2005b). Fortunately,
none of the students hold the idea that “sugarotliss if the water is hot otherwise, sugar settles
down”, an alternative conception reported by Blamacw Prieto (1997). Percentages of responses
given to each alternative by students in the SCUGLG, and CG for the item 7 were presented in
the Table 4.15.

Table 4.15 Percentages of alternatives across gtouphe item 7

L]
L]
-
-
-

Selker
Sugar settled down at the bottom of the beaker
(1) is a component of the solution
* (2) is not a component of the solution

Response Percentage

Because SCLG UCLG CG
a. Super saturated solutions contain precip#athe bottom 20.6 47.0 34.5
b. Dissolution does not occur unless stirringcpss is taker 0 30 0
place )
" - . .
C. The solution dissolved maximum amount of subsgato be 79.4 500 655
dissolved
d. Sugar settled down since water is not hot 0 ( 0

Item 11 was involved in the MCT to examine studeatsiceptions about the conservation of mass
after dissolution happened. 89.7 % of studenthin3CLG, 62.1 % of students in the UCLG, and
72.4 % of students in the CG answered the firsteffethe item correctly by stating that mass of the
alcohol-water solution is not less than total massfealcohol and water. Moreover, as indicatecha t
Table 4.16, 89.7 %, 56.6 %, and 57.1 % of studanthe SCLG, UCLG, and CG attributed the
reason of viewing the first-tier as false to thetfdoat all of the added amount of alcohol is digso

in water. The alternatives b and c of the 11th iteeme prepared by taking into account the students
who marked the first-tier as true, whereas exchlgithe idea of “solute disappears when dissolution
takes place” challenged students. 10.3 % of stgdenthe SCLG, 43.4 % of students in the UCLG,
and 42.9 % of students in the CG believed thathaktdisappears when dissolution occurs that results
in thinking mass of the alcohol-water solutiondsd than total masses of alcohol and water, that is
harmony with the findings of Abraham et al. (1992)was clear from the percentages of responses
that students have troubles with the law of corstgsm of mass when they had alternative
conceptions related to the dissolution processcaPaiges of responses given to each alternative by
students in the SCLG, UCLG, and CG for the itenwkte presented in the Table 4.16.
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Table 4.16 Percentages of alternatives across grfouphe item 11

Alcohol is added to water and the beaker is cldsethe means
of watch glass. As all of the added amount of adtéhdissolved
in water, mass of the alcohol-water solution is lésn total

masses of alcohol and water.

Response Percentage

(1) True *(2) Bal
Because
SCLG UCLG CG
a. Alcohol gains weight after dissolution 0 0 0
b. Alcohol disappears when dissolution occurs 10.3 43.4 42.9
c. Alcohol has no weight after dissolution 0 0 0
*d. All of the added amount of alcohol is dissoliadvater 89.7 56.6 57.1

Apart from dissolution process and types of sohgjatem 15 was associated with the separation of
mixtures. Students were presented a fractionallldigin set up and asked the properties of the
mixture that can be separated into components bynthans of the specified apparatus. Although
students in all of the three groups showed devedopnas compared to percentages of pre-MCT
scores, students in the SCLG performed three time#ter on the post-MCT (96.6 %) than pre-MCT
scores (36.2 %) by noting that fractional distilatis used to separate liquid-liquid homogeneous
mixtures with respect to boiling point differencé®esides to students in the SCLG, 60.0 % of
students in the UCLG and 62.1 % of students inGi& gave correct answer to the 15th item, as
introduced in the Table 4.17. Eventhough distiflaticolumn contains vapors of both liquids, the
vapor at the bottom of the distillation columnishrin higher-boiling component, whereas the vapor
at the top of the distillation column is rich innter-boiling component. 3.4 %, 40.0 %, and 37.9 % of
students in the SCLG, UCLG, and CG, however, hdlerzative conceptions related to vapors of
which component fill distillation column out, thit consistent with the findings of Mukesh (2001).
Percentages of responses given to each alterfatigtudents in the SCLG, UCLG, and CG for the
item 15 were presented in the Table 4.17.

Table 4.17 Percentages of alternatives across grfouphe item 15

ety
iy i Response Percentage
MIE
A}_.é i)
Which of the following is true for the mixture thean be separate

into components by the means of the above set up? SCLG | UCLG CG

o

*a. It is a liquid-liquid homogeneous mixture thadn be separated
into its components with respect to boiling poiiifetences

b. The distillation column contains only vapork lower-boiling
component

c. The vapor at the bottom of the distillatioduron is rich in the
lower-boiling component

d. The vapor reaching the top of the distillatcmiumn is rich in the
higher-boiling component

96.6 60.0 62.1

0 10.1 10.3

3.4 29.9 24.2
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Iltem 17 was prepared to assess whether studengsabber to distinguish between solubility and speed
of solubility. 81.0 % of students in the SCLG, 5@® of students in the UCLG, and 65.5 % of
students in the CG realized that surface arealafesand stirring process do not affect solubibfy
sugar in water. The students, who comprehend thguenfactor affecting solubility of solids in
liquids as the temperature, gave correct answéned 7th item. However, as presented in the Table
4.18, 11.6 % and 19.0 % of students in the UCLG@@dthought that “the amount of dissolved sugar
depends on the surface area of sugar”, which @nanmwn alternative conception found also by Calik
(2003). Moreover, 13.8 % of students in the SCLG 73 of students in the UCLG, and 10.3 % of
students in the CG believed that “the amount o$alised sugar increases as sugar-water solution is
stirred”, detected meanwhile by Blanco and Pri&®@9{). In addition, some of the students in all of
the three groups suggested that “the amount obldisg sugar is greater when sugar is crushed since
it does not dissolve but melts”, which was pre-tateed by Calik (2005). Percentages of responses
given to each alternative by students in the SQUGIL.G, and CG for the item 17 were presented in
the Table 4.18.

Table 4.18 Percentages of alternatives across grfouphe item 17

20 gram sugar is added to each of the three beakésining 100
ml water at constant temperature. Uncrushed ssgatded to the
beaker A, crushed sugar is added to the beakensl Eaand the
beaker C is stirred up, additionally. Accordinglye amount of
dissolved sugar in the beakers are

Response Percentage

*(1) Same (2) Different
Because SCLG | UCLG | CG
a. Surface areas of sugar are different 0 11.6 19.0
*b. Temperature is constant 82.8 55.0 65.5
c. Crushed sugar melts 3.4 1.7 5.2
d. The beaker C is stirred up 13.8 31.7 10.3

Similar to the 5th item, item 20 tested studentsiaeptions about how dissolution process happens
by asking in the first-tier whether or not alcoledter and paint-thinner mixtures are homogeneous,
and by questioning students’ reasoning in the st¢ien. 56.9 % of students in the SCLG, 16.7 % of
students in the UCLG, and 22.4 % of students inGfieanswered the item correctly by stating both
of the specified mixtures were homogeneous sincehal dissolves in water and paint dissolves in
thinner. Total correct percentages of responsesigthphat nearly half of the students in the SCLG
and solely quarter of the students in the UCLG @&l gave correct answer to the 20th item. As
shown in the Table 4.19, the most widespread altamn conception among students (22.4 %, 71.7 %,
and 63.8 % of students in the SCLG, UCLG, and C@$ Wwater is the solvent of all solutions”,
which might cause handling the paint-thinner migtas a heterogeneous mixture. The mentioned
alternative conception can be described alterrigtive “water plays the major role in the dissolatio
process”, which is in accord with the findings afutiryaki and Geban (2005) and Calik (2003). Not
as much as the alternative conception noted abmwe20.7 % of students in the SCLG, 6.7 % of
students in the UCLG, and 12.1 % of students inGfebelieved that “physical properties of solute
determine whether or not dissolution occurs”, astbpreviously by Abraham et al. (1992), Abraham
et al. (1994), Ebenezer and Erickson (1996), Vdk#i(2000a), and Uzuntiryaki and Geban (2005).
Moreover, nearly six students in the UCLG and CQGeweonfused with dissolving and melting,
whose current conceptions were inadequate to expilguid-liquid solutions since liquids do not
melt. Percentages of responses given to each aiivegrby students in the SCLG, UCLG, and CG for
the item 20 were presented in the Table 4.19.
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Table 4.19 Percentages of alternatives across grfouphe item 20

The mixtures of alcohol-water and paint-thinner are

homogeneous Response Percentage
*(1) True (2) False
Because
SCLG UCLG CG
*a. Alcohol dissolves in water and paint dissolirethinner 56.9 18.3 22.4
b. Water is the solvent of all solutions 22.4 71.7 63.8
c. Paint cannot be dissolved due to its highithens 20.7 6.7 12.1
d. Neither alcohol nor paint melt 0 3.3 1.7

Unlike the item 17 which was related to the factaffecting speed of solubility, item 23 was
incorporated into MCT to examine students’ conaepgi about the effect of temperature on the
solubility of solids or liquids. Students were reqd to predict the phase of the substance X bingot
that there is a direct relation between the salyhilf the X substance and temperature. After reali
that the X substance was either a solid or a ligstiddents should have deduced the way of lowering
solubility to make the specified substance to aflige. Only 48.3 %, 28.3 %, and 39.7 % of students
in the SCLG, UCLG, and CG answered the item cdgregtirough specifying that the temperature
should be lowered to crystallize the saturated teaiuof X since solubility of solids and liquids
decrease as temperature decreases. As presented Fable 4.20, the most common alternative
conception was detected as “solid solute dissafwbe solvent is hot otherwise, solute settles dgw
which is in harmony with the findings of Blanco aRdeto (1997). Moreover, 1.8 % of students in the
CG believed that “the solubility stays constant lehiemperature of the solution decreases”,
consistent with the results of Uzuntiryaki and Qelf2005). Furthermore, 1.7 % of students in the
UCLG were not able to predict the phase of the Kstance as a solid or a liquid but a gas, and
declared that “temperature does not affect diswwiuif gases in liquids since the ratio is stabieail
gases”, as the alternative conception detectedqugly by Calik et al. (2007). It was obvious that
some of the students assimilated new knowledgethead scheme of the expansion coefficient of
gases. Percentages of responses given to eaataéilterby students in the SCLG, UCLG, and CG for
the item 23 were presented in the Table 4.20.

Table 4.20 Percentages of alternatives across grfouphe item 23

There is a direct relation between the solubilityhe X
substance in water and temperature. To make theasad

solution of the X substance to crystallize, thegerature of the Response Percentage
solution should be
*(1) Lowered (2) Raised

Because SCLG | UCLG | CG
da. Solubility of solids and liquids decrease asnperature 65.5 69.0 76.8

ecreases

b. Solubility stays constant while temperaturetiod solution 0 0 18
decreases '

c. Water should be hot to make the saturatedisolof the X
substance to crystallize

d. Temperature does not affect dissolution ofegas liquids 0
since the ratio is stable for all gases

34.5 29.3 214

1.7 0
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Similar to the 15th item, the item 24 was relateds¢éparation of mixtures which included a table
presenting various physical properties of acetorewater and asked how to get acetone and water
separately from the acetone-water mixture. As iid in the Table 4.21, 89.7 %, 40.0 %, and 63.8
% of students in the SCLG, UCLG, and CG answeredttm correctly by stating that acetone and
water can be get separately by fractional disiillatmethod based on boiling point differences.
Approximately 10 % of all students suggested dextamt as the most suitable method to get acetone
and water separately from the acetone-water mixtut@ich could be a sign of the alternative
conception of “solutions of liquid dissolved in dher liquid can be separated into components by
decantation”. Moreover, nearly 8 % of all studeptsposed that “distillation can be used to get
components of liquid-liquid solutions separatelyitheut paying attention to the difference between
fractional distillation and distillation. Water ddube recycled through distillation of acetone-wate
mixture, whereas both acetone and water were gaiepdrately if the specified mixture was distilled
fractionally. Percentages of responses given tb alternative by students in the SCLG, UCLG, and
CG for the item 24 were presented in the Table.4.21

Table 4.21 Percentages of alternatives across grfouphe item 24

Density Boiling Point Freezing Molecular
Substances o N Weight Polarity
(g/cnt) (°C) Point (°C) (g/mol)
Acetone 0,79 56 -95,4 58 Polar
Water 1 100 0 18 Polar

The above table presents some of the physical piepeof
acetone and water. Which of the following method ba used
to get acetone and water separately from the aeet@ter

Response Percentage

mixture?
SCLG UCLG CG
a. Distillation 1.4 5.0 1.8
*b. Fractional distillation 89.7 40.0 63.8
c. Crystallization 7.4 49.0 32.0
d. Decantation 1.5 6.0 2.4

In contrast to the items noted above, the item &2 answered correctly more by students in the CG
as compared to students did in the SCLG and UCL@GreMspecifically, 77.6 % of students in the
SCLG, 51.7 % of students in the UCLG, and 81.0 %toflents in the CG provided correct answer to
the item 12 by stating that the substance K casdparated when water is added first and then the
mixture is filtered. The item 16, furthermore, wasswered correctly by the same percentage of
students in the SCLG and CG (i.e. 96.6 % of stiglémteach of the SCLG and CG), which was
higher than the percentages of correct responsssudénts in the UCLG (i.e. 83.3 %). Excluding
items 12 and 16, students in the SCLG understdaxf #le remaining 23 items better than students in
the UCLG and CG, as depicted in the Figure 4.1ré&3mondingly, it can be concluded that CLCC
treatment resulted in significantly better undexdiag of the concepts of mixtures, as compared to
CLCC(-) and TI treatments. In other words, altereatconceptions about the concepts of mixtures
were overcome most effectively when the basics obperative learning are well-structured,
otherwise, cooperative learning based on concepthahge practices could not result in higher
mastery and lower alternative conceptions thanitteadl instruction, even could cause lower
understanding and higher alternative conceptionkhofigh they possessed lower alternative
conceptions, students in the SCLG had scientifidaltorrect conceptions like students in the UCLG
and CG, which can be inferred from the Figure €14.(8, 12, 14, 16, 19, 20, 22). Therefore, the
results of the present study proved that alterpatiwnceptions are resistant to change even after
instruction, as suggested by the related literaffandersee, Mintzes, & Novak, 1994; Taber, 2001).
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The percentages of students’ correct responsesdohn item on the post-MCT are located in the
Appendix O.

4.3.2.The Percentages of Responses on the Post-SELP, PDgt Post-CLB, Post-TA, Post-
MAP, Post-MAV, Post-PAP, and Post-PAV

As presented in the Table 4.5, there were appat#ierences among the mean values of SCLG,
UCLG and CG in terms of post-SELP, post-TV, posBClpost-TA, post-MAP, post-MAV, post-
PAP, and post-PAV. In the section 4.2.2, furthemnadt was concluded that there was a significant
mean difference among the groups exposed to vamstf cooperative learning based on conceptual
change and traditional instruction with respecstiodents’ motivation. The purpose of this section
was to share percentages of responses across goothes randomly selected items of the specified
sub-scales of MSLQ and AGQ, which gave a chancehtracterize motivational beliefs and goal
orientations of students in the SCLG, UCLG, and CG.

Students, who scored the items of the SELP with hédes in the seven-point likert type scale, had
higher expectancy for success and were more catfidetheir own skills to accomplish a task. As
presented in the Table 4.22, the 12th item (ia@nlconfident | can learn the basic concepts taumght
chemistry) was rated by 89.7 %, 68.3 %, and 60&f %tudents in the SCLG, UCLG, and CG as 5, 6,
and 7. Eventhough the percentages of responsd® th2tth item were as if there were great mean
difference between students in the SCLG and UCIb@&ret was not a significant mean difference
between students in the SCLG and UCLG with respedheir post-SELP scores as noted in the
section 4.2.2. On the contrary, there was a siganifi mean difference between students in the SCLG
and CG when all of the eight items under the suahesof SELP (i.e. 1, 4, 6, 9, 12, 16, 19, 23) were
taken into consideration, in the favor of studentshe SCLG. Therefore, it can be concluded that
students who were instructed by CLCC had higheeetgmcies for success and were more confident
in their own skills to learn concepts of chemistig, compared to students taught by TI. As indicated
in the Table 4.22, the 13th item (i.e. | think ttmurse material in chemistry is useful for me t@rig
was rated by 93.1 % of students in the SCLG, 58.8f%tudents in the UCLG, and only 1.7 % of
students in the CG as 5, 6, and 7. The percentsfgesponses to the 13th item were in accord with
the findings when all of the six items under thé-saale of TV (i.e. 3, 7, 11, 13, 18, 21) were take
into account, as reported in the section 4.2.2 ciipally, there were significant mean differences
among SCLG, UCLG, and CG with regard to post-TVresp favoring students in the SCLG to
UCLG and CG, and favoring students in the UCLG @. Correspondingly, it can be concluded that
students instructed by CLCC viewed the conceptsh@mistry as more useful, important, and
valuable than students exposed to CLCC(-) and Dreldver, students taught by CLCC(-) viewed the
concepts of chemistry as more useful, importard, vatuable than students exposed to Tl. As shown
in the Table 4.22, the 5th item (i.e. if | do noiderstand the material in chemistry, it is becdudid

not try hard enough) was rated by 94.9 %, 11.7 8d, &6 % of students in the SCLG, UCLG, and
CG as 5, 6, and 7. As can be referred from theecwraf the sampled item, students scored the item
higher when they believed that they have contrelr dlieir own learning that causes students to show
more efforts to learn academically. The percentafessponses to the 5th item were in harmony with
the findings when all of the four items under thé-scale of CLB (2, 5, 14, 17) were taken into
consideration, as reported in the section 4.2.2tideéarly, there were significant mean differences
between students in the SCLG-UCLG and SCLG-CGhafavor of students in the SCLG in each
case. Accordingly, it can be concluded that stuslenposed to CLCC felt greater control over their
own learning and showed greater commitment to I¢lenconcepts of chemistry, as compared to
students instructed by CLCC(-) and TI. The findb-sgale of MSLQ within the scope of the present
study was TA which was exampled by the 8th item. (ivhen | take a test in chemistry | think about
how poorly | am doing compared with other studems) presented in the Table 4.22, the item 8 was
rated by 15.5 %, 93.3 %, and 91.4 % of studenthenSCLG, UCLG, and CG as 5, 6, and 7. The
percentages of responses to the 8th item werestensiwith the findings when all of the five items
under the sub-scale of TA (8, 10, 15, 20, 22) waken into account, as reported in the sectior?4.2.
More specifically, there were significant mean elifinces between students in the SCLG-UCLG and
SCLG-CG, in the favor of students in the UCLG toL&Cand in the favor of students in the CG to
SCLG. In contrast to situations in the specified-soales of MSLQ, students in the SCLG had lower
scores on post-TA than students in the UCLG and Tleen, it can be concluded that students
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instructed by CLCC(-) and Tl possessed more negatioughts while they were taking chemistry
tests, as compared to students exposed to CLCGemages of responses across groups to the
sampled items of the interested sub-scales of M&k€g presented in the Table 4.22.

Table 4.22 Percentages of responses across githps $elected items of MSLQ

Sub-Scales

of MSLQ ltem  Groups 1 2 3 4 5 6 7

SELP 12  SCLG 0 0 3.4 6.9 20.7 36.2 32.8
UCLG 0 1.7 8.3 21.7 21.7 25.0 21.6
CG 0 6.9 8.6 27.6 36.2 6.9 13.8

TV 13 SCLG 0 0 1.7 5.2 37.9 25.9 29.3
UCLG 1.7 1.7 13.3 25.0 30.0 25.0 3.3
CG 12.1 22.4 448 19.0 0 1.7 0

CLB 5 SCLG 0 0 1.7 3.4 19.0 39.7 36.2
UCLG 5.0 23.3 28.3 31.7 10.0 1.7 0
CG 10.3 12.1 38.0 31.0 5.2 1.7 1.7

TA 8 SCLG 10.3 8.6 32.8 32.8 12.1 1.7 1.7
UCLG 0 0 1.7 5.0 18.3 35.0 40.0
CG 0 0 1.7 6.9 345 37.9 19.0

Besides the specified sub-scales of MSLQ, all efftur sub-scales of AGQ were exampled with one
randomly selected item from each sub-scale to cheniae goal orientations of students in the SCLG,
UCLG, and CG. Higher scores on items belonging #8PMn the five-point likert type scale means
that students focus on meaningful learning of cpteef interest to be satisfied on the basis ahint
personal standards. As shown in the Table 4.231¢hé&em (i.e. it is important for me to understan
the content of chemistry as thoroughly as possibbe rated by 93.1 % of students in the SCLG, 11.6
% of students in the UCLG, and 48.2 % of studemtthé CG as 4 and 5. Cumulation of points of 4
and 5 in AGQ were reported as high ratings to adgjoints of 5, 6, and 7 in MSLQ, cumulation of
which were noted as high ratings in the above papig Although the percentages of the 1st item
indicated a difference between students in the U@h@& CG in the favor of students in the CG, there
were significant mean differences between studientse UCLG and CG in the favor of students in
the UCLG when all of the three items under the stdle of MAP (i.e. 1, 4, 6) were taken into
account. Additionally, there were significant madifierences between students in the SCLG-UCLG
and SCLG-CG, favoring SCLG in both cases. Corredpaty, it can be concluded that students
instructed by CLCC focused more on meaningful legyrio understand the concepts of chemistry
deeply, as compared to students exposed to CLG@E)TI. Moreover, students taught by CLCC(-)
focused more on meaningful learning to understéedconcepts of chemistry deeply than students
instructed by TI. As introduced in the Table 4.2® 8th item (i.e. | worry that | may not learn tilat

| possibly could in chemistry) was rated by 44.®9®6tudents in the SCLG, 35.0 % of students in the
UCLG, and 82.8 % of students in the CG as 4 andsbcan be deduced from the content of the
sampled item, students adapting mastery avoidaoaks ocus on avoiding any misunderstanding of
concepts of interest to be satisfied on the baimtoa-personal standards. The percentages of
responses to the 8th item were in accord with itdirfgs when all of the three items under the sub-
scale of MAV (i.e. 8, 10, 12) were taken into aatipas reported in the section 4.2.2. Specifically,
there were significant mean differences betweedestts in the SCLG-CG and UCLG-CG, favoring
students in the CG in each case. Therefore, ibeatoncluded that students exposed to Tl focused on
avoiding any misunderstanding of the concepts efriktry more than students taught by CLCC and
CLCC(-). As indicated in the Table 4.23, 36.2 %,48%, and 31.0 % of students in the SCLG,
UCLG, and CG rated the 11th item (i.e. it is impottfor me to do better than other students) as 4
and 5. As can be understood from the content, stadecusing on trying to be the best performer in
comparison to others scored the 11th item with drigioints. The percentages of responses to the 11th
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item were in harmony with the findings when allto¢ three items under the sub-scale of PAP (i.e. 3,
7, 11) were taken into consideration, as reportedhe section 4.2.2. Particularly, there were
significant mean differences between studentsérLG-UCLG and UCLG-CG, favoring UCLG in
both cases. Accordingly, it can be concluded thadents instructed by CLCC(-) focused more on
trying to be the best performer in chemistry lessitncomparison to others, as compared to students
taught by CLCC and TI. As shown in the Table 4128, 14th item (i.e. my fear of performing poorly

in chemistry compared to others is often what nadég me) was rated by 10.3 % of students in the
SCLG, 41.7 % of students in the UCLG, and 81.1 %taflents in the CG as 4 and 5. As can be
deduced from the content of the 14th item, studadepted performance avoidance goals focus on
trying not to perform worse than others. The petages of responses to the 14th item were consistent
with the findings when all of the six items undke tsub-scale of PAV (i.e. 2, 5, 9, 13, 14, 15) were
taken into account, as reported in the sectior24/ore specifically, there were significant mean
differences among students in the SCLG, UCLG, aBd i€ the favor of students in the CG to SCLG
and UCLG, and in the favor of students in the UCIbGSCLG. Therefore, it can be concluded that
students who instructed by Tl focused more on tryiot to perform worse in chemistry than others,
as compared to students instructed by CLCC and GtCW®loreover, students taught by CLCC(-)
focused more on trying not to perform worse in cistry than others, as compared to students
instructed by CLCC. Percentages of responses agroeps to the sampled items of the sub-scales of
AGQ were presented in the Table 4.23.

Table 4.23 Percentages of responses across gmths $elected items of AGQ

Sub-Scales
of AGQ Item Groups 1 2 3 4 5
MAP 1 SCLG 0 0 6.9 31.0 62.1
UCLG 15.0 36.7 36.7 11.6 0
CG 12.1 12.1 27.6 345 13.7
MAV 8 SCLG 6.8 12.1 36.2 39.7 5.2
UCLG 3.3 20.0 41.7 30.0 50
CG 0 1.7 15.5 36.2 46.6
PAP 11 SCLG 3.4 24.2 36.2 29.3 6.9
UCLG 0 50 11.6 36.7 46.7
CG 52 27.6 36.2 29.3 1.7
PAV 14 SCLG 22.4 29.3 38.0 8.6 1.7
UCLG 5.0 20.0 33.3 35.0 6.7
CG 0 3.4 15.5 449 36.2

4.4. Analyses of Responses of Interview Questions

In this section, responses given to the interviesstjons were introduced which were collected to
analyze grade nine students’ conceptions aboutdheepts of mixtures, the third research problem of
the study. In other words, the purpose of condgctiemi-structured interviews was to gain insight
into students’ conceptions about the concepts ofurés after they have received instruction with
CLCC, CLCC(-), or TI. Students to be interviewedreveelected purposively according to scores they
have gained in the post-MCT to have a sample thatesents low-, medium-, and high-achieving
students in the SCLG, UCLG, and CG. 12 studentdisifnct achievement levels from each of the
three treatment group were selected to be inteadeBesides representativeness, selecting students
across groups gave a chance to compare studeassinieg after they have been treated with different
teaching methods and to realize whether or noestisdovercome alternative conceptions they hold at
the beginning of the study.
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Interview questions were prepared by the researthieugh taking into account the most common
alternative conceptions about the concepts of mastuevealed in the post-MCT in order to be able to
inspect reasons of low understanding. Eventhoudlvittual students were asked several follow-up
questions when necessary, the semi-structuredvieterschedule included nine main questions (see
Appendix G). Before conducting interviews with itte86 students, the questions were piloted with
three students from each of the treatment groughézk whether questions were clear for students to
understand and to inspect time required for anviddal student to be interviewed. The interviews
were audio-taped initially to be transcribed and transcribed student responses were coded into
several themes to generalize students’ conceptibost the concepts of mixtures. As presented in the
Table 4.24, students’ responses were gathered widgeneral themes namely, nature of mixtures,

dissolution process, properties of solutions, typéssolutions, factors affecting solubility, and
separation of mixtures.
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As noted previously, interview questions were pregao be able to have a close look at students’
conceptions about the concepts of mixtures, whiehevassessed as the most challenging concepts by
the post-MCT, through introducing a case relate@ tsugar-water solution. At first, students were
introduced with part of the case which states tAatroom temperature, six uncrushed sugar each of
which weigh three grams are added to 100 gram Wwa&aundents were asked the first three interview
guestions based on the specified case, that isgubstions related to the nature of mixtures and
dissolution process were asked with the mentiorsex.cTo make students to answer the remaining
six interview questions, the case was completedtating that “At room temperature, six uncrushed
sugar each of which weigh three grams are adddf@ogram water and stirred until no more sugar
dissolves. After a while, three grams of sugar ipitated at the bottom of the beaker”. In other
words, the last six interview questions which wab®ut properties and types of solutions, factors
affecting solubility, and separation of mixturesgre answered on the basis of the given sugar-water
solution.

Understanding levels of students were determinetherbasis of criteria suggested by Abraham et al.
(1992) to score open-ended questions. The respomees categorized under five understanding
levels: Sound Understanding (SU) when students gaweect answer with a correct explanation;
Partial Understanding (PU) when students gave coereswer with a partially correct explanation or
without an explanation or incorrect answer with arect or partially correct explanation; Partial
Understanding with a specified Alternative Concapt{(PUAC) when students gave correct answer
with an explanation involving a specific alternatizonception; Alternative Conception (AC) when
students gave incorrect answer with an explandtigalving a specific alternative conception; and
No Understanding (NU) when students gave incomastver without an explanation, students did not
give answer or students gave irrelevant or confumeslver. Students’ responses were categorized
under the specified understanding levels by theareher and an expert to check whether decisions
given by two scorers were consistent with eachrot@emparing decisions of scorers about under
which understanding level to categorize responseee veonsistent with each other. Table 4.25
summarizes criteria for responses to be categorineidr the mentioned understanding levels of the
concepts of mixtures.

Table 4.25 Criteria used to specify students’ usiderding levels of the concepts of mixtures

Understanding Level Criteria for Scoring
Sound Understanding (SU) Correct answer with aecbexplanation
Partial Understanding (PU) Correct answer with diglly correct explanation

Correct answer without giving an explanation
Incorrect answer with a correct or partially cotrec

explanation
Partial Understanding with a Correct answer with an explanation involving a $jiec
Specific Alternative Conception  alternative conception
(PUAC)
Alternative Conception (AC) Incorrect answer withexplanation involving a specific
alternative conception
No Understanding (NU) Incorrect answer without giyain explanation

No answer
Phraphrasing the question without giving an answer
Irrelevant or confused answers
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4.4.1.Nature of Mixtures

As noted previously, students were introduced witiit of a case as “at room temperature, Six
uncrushed sugar each of which weigh three gramadded to 100 gram water” and they were asked
two subsequent questions related to the case: Winat of a substance forms if they think
classification of matter and the reason of thesveer, and what kind of a mixture forms if they thin
classification of mixtures and the reason of tlagiswer. Taking responses given to both questions in
the nature of mixtures theme into considerationait be said that responses of most of the students
the SCLG were categorized under the SU or PU lewdile responses of most of the students in the
UCLG and CG were categorized under the PUAC, ACNubr levels. The following paragraphs
explained responses given to each interview questiated to the nature of mixtures in detail.

When students were asked what kind of a substanmoesfas a result of adding sugar into water, six
students in the SCLG, two students in the UCLG, @mel student in the CG gave correct answer with
a correct explanation. Sample student responsegfisgeas SU were as follow: “a mixture forms
since the properties of sugar and water do notgdiarfa mixture forms since it does not have a
chemical formula”, “a mixture forms since there di#erent kinds of atoms and molecules in it”, and
“a mixture forms since sugar and water can be s¢pamithout any chemical change”. In contrast to
responses of students in the UCLG, responses ofstodents in the SCLG and five students in the
CG were categorized under the PU level. More sjpadlij, some of the students in the SCLG and CG
answered the question correctly as “a mixture formiereas reasons they thought were partially
correct or they did not explain the reason atallanswered the question incorrectly with a corogct
partially correct reasoning. One of the studerntha SCLG, for instance, stated that “a mixture ferm
because mixtures are combination of two substanddwit response was assessed as PU since the
explanation of classifying the substance as a méxtuas limited, that is, although mixtures can be a
combination of two substances they can be madef upooe than two substances. Other responses
under the PU category were shared by studentstimdroups, such as “a pure substance forms since
it appears as there are only one substance” andrtgound forms since it involves different kinds of
molecules”. Responses categorized as PUAC and A€ eemmon in terms of involving a specific
alternative conception about classification of mativhereas the former specified the answers gtatin
“a mixture forms” and the latter specified the aassstating another substances than a mixture. The
following statements are examples of responsesruh@ePUAC level (two students in the SCLG,
four students in the UCLG, and three students & @): “a mixture forms because it is a pure
substance”, “a mixture forms since taste changesnvglugar is added to water”, and “a mixture forms
since it involves two substances that are not puge&nthough none of the students in the SCLG gave
incorrect answer with a specific alternative conicep five students in the UCLG and three students
in the CG classified the substance as either a canmgpor a pure substance. When responses of those
students were analyzed, it was obvious that theyfused mixtures with compounds and pure
substances with homogeneous mixtures. Finally, stndent in the UCLG stated that “a substance
forms when sugar is added to water” and this respomas classified as NU since the student
phraphrased the question without giving any answexplanation.

Related to the second interview question, moshefstudents in the UCLG and CG failed to classify
the mixture of sugar and water and to explain #ason of the specified classification, in conttast
students in the SCLG who understood the differebetveen homogeneous and heterogeneous
mixtures rather well. On the contrary to studentshe SCLG where five students’ responses were
categorized under the SU, none of the studentseirJICLG and solely one student’s response in the
CG was identified as correct answer and explanafidie student in the CG whose response was
assessed as SU stated that “a homogeneous migtuns Bince there are as if one substance in it".
Other SU level responses provided by students én SELG were as follows: “a homogeneous
mixture forms because sugar is dissolved in waterd “a homogeneous mixture forms hence
different types of particles are mixed randomlybuF students in the SCLG, two students in the
UCLG, and two students in the CG understood thd kirmixture partially by stating a homogeneous
mixture forms without giving any explanation or tating that “a homogeneous mixture forms since
different kinds of molecules are mixed”, “a hetezngous mixture forms because sugar is a soluble
substance”, and “a heterogeneous mixture formsdiifferent kinds of atoms are mixed randomly”.
Specifically, the students who were able to clgsgie mixture as a homogeneous mixture were not
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aware of the difference between homogeneous amddgeineous mixtures well because distribution
of different kinds of atoms or molecules is a comntileme between two types of mixtures but the
crucial difference point is random distributioniomogeneous mixtures and patterned distribution in
heterogeneous mixtures. Although they were sucgessfdentifying the mixture as a homogeneous
mixture, two students in the SCLG, five studentthim UCLG, and four students in the CG explained
the reason of identifying the mixture as a homogesamixture with a specific alternative conception
by stating that “all mixtures are homogeneous itured, “homogeneous mixtures are always in liquid
state”, and “water makes the mixture to be a homeges one”. Moreover, one student in the SCLG,
and five students in both of the UCLG and CG beléethat “a heterogeneous mixture forms since all
mixtures are heterogeneous in nature” and “a hgégreous mixture forms because sugar molecules
are mixed randomly in water”.

Detected by students’ responses categorized undd?WAC and AC levels of the nature of mixtures
theme, the results of the present study showedatlfiatv students in the SCLG and many students in
both the UCLG and CG hold alternative conceptiobsua the nature of mixtures even after the
instruction was completed, which can be interpreteén evidence of persistent nature of alternative
conceptions as claimed by the relevant literat@sbprne & Cosgrove, 1983). Table 4.26 summarizes
alternative conceptions related to the nature ofumés encountered in the current study, which were
in accord with the findings of Sanger (2000), Vadas (2000a), Stains and Talanquer (2007), and
Costu et al. (2007).

Table 4.26 Alternative conceptions about the nadfirixtures

Mixtures are pure substances.

Mixtures involve two substances which are not pure.
Properties of components of a mixture change whey are mixed.
Mixtures and compounds are the same.

Homogeneous mixtures are pure substances.

All mixtures are homogeneous in nature.

Homogeneous mixtures are always in liquid state.

Mixtures containing water are homogeneous mixtures.

All mixtures are heterogeneous in nature.

Particles are mixed randomly in heterogeneous mastu

Sample interview excerpts from three students ahed the treatment group were presented below to
reveal conceptions of students about the natureigfures (students labeled as S7, S10 and S3
represent students in the SCLG, students label&16sS14 and S21 represent students in the UCLG,
students labeled as S29, S32 and S35 represeanttud the CG):

Researcher: “At room temperature, six uncrushedrsegch of which weigh three grams are
added to 100 gram water”. What kind of a substdocms if you think classification of
matter?

S7: A mixture forms.

S10: A compound forms.

S3: A mixture forms.

S16: A pure substance forms.

S14: A mixture forms.

S21: A mixture forms.

S29: A pure substance forms.

S32: A mixture forms.

S35: A mixture forms.

Researcher: What is the reason of your answer?

S7: Mixtures are made up of different kinds of ascand molecules.
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S10: Compounds involve same kinds of atoms bugdifft kinds of molecules which is same
with the case of sugar is added to water.

Researcher: What do you (S10) think mixtures amepmsed of?

S10: Mixtures are made up of different kinds ofnaso Having different kinds of molecules
is a property belongs to compounds only.

S3: Taste of water changes when sugar is addedvarter.

S16: Sugar and water seem like a unique substdticeigh there were two substances. That
is, sugar and water become a pure substance wagmath mixed together.

S14: Neither sugar nor water are pure substances.

Researcher: Do mixtures are pure substances?

S14: Of course they are. | remember that we drawediagram in the previous years
indicating mixtures under the pure substance cayego

S21: We cannot represent sugar in water by a cla¢feianula.

S29: The substance appears as if there were orstasgb which is an indicator of pure
substance.

S32: Mixtures are combination of two substances.

S35: Sugar mixed with water is a pure substance.

Researcher: What kind of a mixture forms if yownkhclassification of mixtures?

S7: A homogeneous mixture forms.

S10: A heterogeneous mixture forms.

S3: Homogeneous mixture.

S16: A homogeneous mixture forms.

S14: Homogeneous mixture forms when sugar is pontedvater.

S21: A homogeneous mixture forms.

S29: A heterogeneous mixture forms.

S32: Homogeneous mixture.

S35: Homogeneous mixture.

Researcher: What is the reason of your answer?

S7: The particles of sugar and water are mixedaanhyl and vigirously.

S10: Atoms of sugar mixed with atoms of water rantjo

S3: Mixtures are labeled as homogeneous when daswdesis added to water. | mean water
determines whether a mixture is homogeneous ordggaeous.

S16: All mixtures are homogeneous in nature sinoendgeneous mixtures are pure
substances. If it were heterogeneous, it couldad pure substance anymore.

S14: Heterogeneous can be in any state but homogsmaixtures are always in liquid state
as sugar is no more solid when added to water.

S21: 1 am sure it is a homogeneous mixture likeisakater but | do not know the reason.
S29: All mixtures | know are heterogeneous in ratur

S32: | know it is homogeneous but cannot put inbods the reason.

S35: Sugar is dissolved in water.

4.4.2 Dissolution Process

The case used to answer the first two interviewstioes was mentioned again since students were
asked what happens when sugar is added to watehamndit takes place, in the third question.
Although most of the students’ responses in the G@lere categorized in the SU or PUAC levels,
responses of students in the UCLG were distribuiggdally by cumulating more in the PUAC
category, and responses of students in the CG aeremmodated in the PU or PUAC levels.
Specifically, five students in the SCLG and twodsnts in each of the UCLG and CG gave correct
answer with a correct explanation. The followingtstents are examples of responses categorized
under SU level: “sugar dissolves in water to foungar-water solution through vigirous interaction
between particles of sugar and water”, “sugar diesoin water to form sugar-water solution which
can be separated into sugar and water again withoytchange”, “sugar dissolves in water to
generate a homogeneous mixture by distributionastfigies randomly”, and “sugar dissolves in water
to produce sugar-water solution by the actionsughs as the solute and water as the solvent”. Three
students in each of the SCLG and UCLG and fouresitgdin the CG, on the other hand, were unable
to realize what happens when sugar is added intervea to explain the process of dissolution of
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sugar in water. One of the students in the SCLGin&tance, stated that “sugar melts in water tonfo

a solution”. That response was assessed as PUdeettaistudent confused between dissolution and
melting while he knows sugar and water are mixefibtm a solution. “Sugar dissolves in water since
a mixture forms when they are mixed together”, ‘@udissolves in water since one of the component
is water”, and “sugar dissolves in water whereds hot know how it dissolves” are other examples
categorized under the PU level. Moreover, four stisl in each of the SCLG and CG and five
students in the UCLG answered the question cowdmntl stating that “sugar dissolves in water”,
whereas the students explained the process ofldlissowith a specific alternative conception. The
following statements are examples of responsesruheéePUAC level: “sugar dissolves in water to
form a new species by combining particles of thdmengically”, “sugar dissolves in water since
mixtures containing water are homogeneous in njtisaigar is responsible from dissolution no
matter what the other substance is”, “water islat&m”, and “sugar accommodates at air species of
water”. Contrary to students in the SCLG, two shidén each of the UCLG and CG were unable to
inspect process of dissolution when sugar is adttedvater by declaring that “sugar disappearsesinc
it is absorbed by water”, “sugar melts by turningpiliquid sugar”, “sugar melts in water sincesit i
not visible anymore as in the case of adding simgartea” and “sugar precipitates at the bottomnvhe
it is mixed with water since sugar is denser thaibewand particles cannot meet”. Finally, nonehef t
interviewed students’ (i.e. 36 students) respomssge put into the NU category.

To sum up, some of the students in all of the tneait groups but especially in the UCLG and CG,
were confused with dissolution and melting, andgitgl change and chemical change, that is in
harmony with the findings of Prieto et al. (1988hraham et al. (1994), Ebenezer and Erickson
(1996) and Uzuntiryaki and Geban (2005). Moreowke source of some of the alternative
conceptions related to dissolution process wastifitsh as alternative conceptions related to the
nature of mixtures. As summarized in the Table 4m@any students attributed major roles to water as
a solvent or to sugar as a solute, which are comwitin the findings of Abraham et al. (1994),
Valanides (2000a) and Calik (2003). One of theestish the UCLG viewed water as a solution as
found previously by Ebenezer and Erickson (1998t ts another indicator of low understanding of
the nature of mixtures.

Table 4.27 Alternative conceptions about the diggmh process

Sugar dissolved in water is a new substance.

Mixtures containing water are homogeneous in nature

Sugar is responsible from dissolution no mattertwia other substance is.

Water is a solution.

Sugar accommodates at air species of water.

Sugar disappears when mixed with water sinceabsorbed by water.

Sugar melts and turns into liquid sugar when iised with water.

Sugar melts in water since it is not visible anyenas in the case of adding sugar into tea.
Sugar precipitates at the bottom when it is mixé@t water since sugar is denser than water.

Sample interview excerpts from three students ohed the SCLG, UCLG, and CG were presented
below where students labeled as S5, S9 and Sl@ssfanstudents in the SCLG, students labeled as
S17, S20 and S24 stands for students in the UCh& saudents labeled as S28, S34 and S36 stands
for students in the CG:

Researcher: What happens when sugar is added ¢éowat
S5: Sugar melts in water to form a solution.

S9: Sugar dissolves in water.

S12: Sugar dissolves in water.

S17: Sugar dissolves in water.

S20: Sugar dissolves in water since water is aisolu
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Researcher: Do you (S20) think water is a solution.

S20: Yeah. Have not you heard about it?

Researcher: Then, can you (S20) define solute alndrg in the water solution?

S20: It is easy. Hydrogen is the solvent and oxygehe solute.

Researcher: Why do you (S20) think so?

S20: Solvent is the substance present in largeuata@nd solute is the substance present in
smaller amounts, as in the formula of watesQH

S24: Sugar precipitates at the bottom of the beaker

S28: Sugar dissolves in water to form a new species

S34: Sugar dissolves in water due to presencegairsu

S36: Sugar dissolves in water.

Researcher: How the process takes place?

S5: Sugar melts by turning into liquid sugar.

S9: Particles of sugar and water interact vigirptisiform sugar-water solution.

S12: Particles of sugar accommodate at air spetiester.

S17: Sugar-water solution is formed by combiningaswand water physically.

Researcher: How can you (S17) sure that they casdhphysically?

S17: Sugar and water turn back to their initiairisrwithout any change in their chemical
identity.

S20: Water absorbs sugar which is the reason apg&arance of sugar after dissolution.
S24: When weighs or how can | say...densities bs&nces are different, the denser one
precipitates at the bottom and particles of sugdraater do not meet.

S28: Particles of sugar and water are combined icladlgnand sugary water emerges as a
result of that combination.

Researcher: Do sugar and water turn back to thigigliforms?

S28: It is impossible since sugary water is anoifastance and there are no sugar or water
anymore.

S34: Sugar has a capacity to be dissolved in anathiestance no matter what the other
substance is.

S36: Sugar and water form a solution by the actafnsugar as the solute and water as the
solvent.

4.4.3.Properties of Solutions

The case used while asking questions related todhare of mixtures and dissolution process was
completed by stating that “at room temperature usisrushed sugar each of which weigh three grams
are added to 100 gram water and stirred until noensagar dissolves. After a while, three grams of
sugar precipitated at the bottom of the beakerid&ats were required to answer the following six
interview questions by the reference of the comspletase. Students were asked two subsequent
questions regarding the properties of solutionsatwimey expect when the boiling point of the
solution is compared with the boiling point of pwvater and the reason of their answer, and what is
the mass of the solution at room temperature amdethson of their answer. When students’ responses
were examined through taking both questions intwoaet, most of the students’ responses in the
SCLG fell into SU or PU levels (i.e. 18 studentshereas most of the students’ responses in the
UCLG and CG were put into PU, PUAC or AC levelg.(R0 students in each group). The following
paragraphs explained responses given to eachimtequestion related to the properties of solutions
in detail.

When students were asked what they expect whehditiag point of the solution is compared with
the boiling point of pure water, five studentslie ISCLG, one student in the UCLG, and two students
in the CG gave correct answer with a correct exgilan. The student in the UCLG whose response
was categorized under the SU stated that “boilimigtpof the solution is higher than boiling poirft o
pure water since sugar is an involatile substant&® most common answer assessed as correct
answer with a correct explanation was “boiling paifithe solution is higher than boiling point of
pure water because vapor pressure of the solugibigher than that of pure water”. Responses af fou
students in the SCLG, two students in the UCLG, thneke students in the CG were categorized under
the PU level. All of the students answered the tioesorrectly by stating that “boiling point ofeh
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solution is higher than boiling point of pure watevhereas they were either unable to explain the
reason of their answer or able to explain the neafdheir answer partially. One of the studenthia
SCLG, for instance, told that “boiling point of tlselution is higher than boiling point of pure wate
due to vapors of the sugar and water”. Eventhobgtstudent provided correct answer to the question
with a partially correct explanation, she might tiatted understanding about the nature of mixtures
since she attributed incorrect roles to sugar andght the properties of solution by taking proigsrt

of components of the solution separately. Althotigty replied correctly by stating that “boiling poi

of the solution is higher than boiling point of puwater”, two students in each of the SCLG and
UCLG and three students in the CG explained theore®f their answer with a specific alternative
conception, such as “water boils first and thenasdmpils” and “boiling point of sugar is higher tha
boiling point of water”. In contrast to studentstire SCLG where only one student’s response was
evaluated as AC, five students in the UCLG and &udents in the CG gave incorrect answer with a
specific alternative conception. The following staents are examples situated under the AC level:
“boiling points of water and the solution are thm& since sugar disappears during dissolution”,
boiling points of the solution and water cannotcbenpared unless boiling points of sugar and water
are known”, “bailing points of the solution and watre the same”, and “boiling point of the solatio

is lower than boiling point of pure water becaus¢hbboiling and freezing points of solutions are
lower than those of pure water”. Finally, two stotdein the UCLG thought that boiling point of water
is higher than boiling point of the solution withaexplaining the reason of their answer, which was
assessed as NU since they gave incorrect answasuiiany explanation.

Related to the second interview question in the@eries of solutions theme, students were asked the
mass of the solution at room temperature. The stsdevere required to take three grams of
undissolved sugar into account and compute the ofabe solution as 115 gram. Four students in the
SCLG, one student in the UCLG, and two studentthen CG gave correct answer with a correct
explanation. The following statements are exampfestudents’ responses categorized under the SU
level: “mass of the solution is 115 gram since $bé&ution is composed of 100 gram water and 15
gram sugar”, “mass of the solution is 115 gramesinndissolved sugar is not included in the sugar-
water solution”, and “mass of the solution is 11&mg because the solution is saturated with 15 gram
sugar at room temperature”. Since mass of theisalwvas 115 gram, responses of students who
declared that mass of the solution is less than dre8n, were evaluated as correct answer and
categorized under SU level if explanation of answas also correct. However, students’ responses
were put into PU level if they stated that masshef solution is less than 118 gram with a partially
correct explanation, but categorized under PUAGxplanation involved a specific alternative
conception. “Mass of the solution is lower than t8m since it is not a concentrated solution”, for
instance, was put into the PU level because thevemwas assessed as correct but the reason was
irrelevant with that of the answer. The most commesponse provided by students in all of the
SCLG, UCLG, and CG that was categorized under thdéeRel (i.e. 12 students) was “the mass of the
solution is 118 gram since the mass of the solusaralculated by adding mass of the sugar and mass
of the water”. The reason of accommodating thaporse under the PU level was it included
incorrect answer with a correct explanation. Ineotvords, the mass of the solution is calculated by
adding mass of the sugar and mass of the watergafi¢hose students were not able to comprehend
that three grams of undissolved sugar is not a oot of solution. Students should take the amount
of dissolved sugar instead of amount of added swbde calculating mass of the solution. Solely one
student in the SCLG, three students in each ofd8eG and CG answered the question as mass of
the solution is lower than 118 gram with a spedfi@rnative conception. The following statements
are examples of responses categorized under theCR&lA&I, “mass of the solution is lower than 118
gram because sugar loses weight when it is disgblaad “mass of the solution is lower than 118
gram since sugar disappeared when dissolution falkes”. Responses with an incorrect answer and
with a specific alternative conception, on the othend, were categorized under the AC level (one
student in the SCLG, five students in the UCLG, #mee students in the CG), like “mass of the
solution equals to 100 gram since dissolved sugamo weight” and “mass of the solution is greater
than total masses of sugar and water as a resghining weight of sugar during dissolution”. One
student in the SCLG, furthermore, calculated makghe solution as 118 gram without any
explanation so her response was put into the Nel.lev
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To conclude, a few students in the SCLG and mangestts in the UCLG and CG had alternative
conceptions related to the properties of solutiaNben students’ responses categorized under the
PUAC and AC levels in the properties of solutioherme were investigated, it was apperant that
students have troubles mostly with the previouscepts. In other words, students’ alternative
conception cause them to have troubles with thvidhg concepts, as claimed by the relevant
literature (Hewson & Hewson, 1983). Specificallyamy alternative conceptions summarized in the
Table 4.28 were the results of alternative conoetistudents had about the nature of matter and
nature of mixtures. The following statement cangbeen as an example of alternative conception
caused by the nature of matter: “higher boilingnpaif sugar than that of water”. Moreover, it can b
presented as an example related to alternativeeptinn caused by the nature of mixtures: “mass of
the solution is lower than total masses of sugar\aater since sugar disappeared when dissolution
takes place”. Another point that should be mentiomas many students tend to take the amount of
added sugar into account rather than the amoudiseblved sugar, which can be interpreted as some
students were not aware of the components of salsitin particular, students who stated that méss o
the solution is 118 gram, had the common alterpattonception of “undissolved solute is a
component of solution”, as found previously by Pinag and Canpolat (2003).

Table 4.28 Alternative conceptions about the prigeof solutions

Boiling point of the solution is higher than bodimpoint of water because water boils first and then
sugar boils in the sugar-water solution.

Boiling point of the solution is higher than bodjrpoint of water since boiling point of sugar is
higher than boiling point of water.

Boiling points of water and the solution are thmeaince sugar disappears during dissolution.
Boiling points of the solution and water cannot dmmpared unless boiling points of sugar and
water are known.

Boiling points of the solution and water are thmea

Boiling point of the solution is lower than boilinqgpint of pure water because both boiling and
freezing points of solutions are lower than thokpure water.

Mass of the solution is lower than total massesugfar and water because sugar loses weight when
it is dissolved.

Mass of the solution is lower than total massesugfar and water since sugar disappeared when
dissolution takes place.

Mass of the solution equals to mass of water sitiesolved sugar has no mass.

Mass of the solution is greater than total mas$essigar and water since sugar gains weight during
dissolution.

Sample interview excerpts from three students ohed the SCLG, UCLG, and CG were presented
below where students labeled as S2, S5 and Sldssfanstudents in the SCLG, students labeled as
S18, S19 and S22 stands for students in the UCh& students labeled as S28, S33 and S35 stands
for students in the CG:

Researcher: What do you expect when the boilingtpafi the solution is compared with the
boiling point of pure water?

S2: The solution’s boiling point is higher.

S5: Boiling point of the solution is higher.

S11: Boiling point of the solution and water are #ame.

S18: Boiling points cannot be compared.

S19: Boiling point of the sugar-water solution igher than that of pure water.
S22: Water’s boiling point is higher than the slnts.

S28: Boiling point of the solution is lower.

S33: Bailing point of the sugar-water solution ig@fer than water.

S35: Boiling point of the solution is lower, of ase.
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Researcher: What is the reason of your answer?

S2: Boiling point is related to the equilibrium tveen internal and external pressure. Since
both the solution and water are at the same ptheegxternal pressure is the same. However,
internal pressure...| mean vapor pressure of tlgarswater solution is higher than that of
pure water.

S5: The solution contains two substances...sugamnater. However, water is one kind of
substance. As a result, the solution has vapdethf sugar and water.

S11: Presence of sugar is not an important isswe & disappears while dissolving in water.
S18: Because we do not know boiling points of sageat water.

S19: Sugar is an involatile substance and boilimigtpof solutions that involve an involatile
substance are higher than that of pure water.

S22: | am certain that water has higher boilingnpai is a rule. | do not know how can |
explain it in other words.

S28: Solutions that have lower boiling points bm@fore. | mean, the solution of sugar-water
boils before than water.

S33: It is a natural outcome actually, that is]ibgipoint of sugar is higher than that of water
and boiling point of the solution is higher thaattbf pure water.

S35: Both the boiling and freezing points of sauos are lower than those of water.
Researcher: What is the mass of the solution ahrteonperature?

S2:1tis 115 gram.

S5: Mass equals 118 gram.

S11: Mass of the solution will be 100 gram.

S18: We cannot be sure about the exact value kil ihe higher than 118 gram.

S19: Mass will be 115.

S22: 1 think, it is lower than 118 gram.

S28: Mass of the solution equals to 115 gram.

S33: Itis lower than 118 gram.

S35: It will be lower than 118 gram.

Researcher: What is the reason of your answer?

S2: As the solution is composed of 100 gram watdrkb gram sugar.

S5: There is a formula for calculating mass of latfan, that is, mass of a solution equals to
mass of solvent and mass of solute. Since thek@dggram water as the solvent and 18 gram
sugar as the solute, mass of the sugar-water reiigut18 gram.

S11: 18 grams of sugar is dissolved but since Wisdosugar has no mass, mass of the
solution equals to mass of the water, that is, gradn.

S18: When masses of sugar and water are added ofriggssolution is 118 gram. However,
when added into water, sugar’s weight will increddeerefore, mass of the solution is higher
than 118 gram.

S19: It is not important to add 18 gram sugar iesithce the solution becomes saturated with
15 gram of sugar at room temperature.

S22: Although there are 18 grams of sugar, cedaiount of it will not be anymore after it
dissolved in water. In other words, sugar losesesamounts of mass when dissolved in the
solvent, which is water in this case.

S28: 3 grams of undissolved sugar is not includetié sugar-water solution.

S33: Sugar disappeared when dissolution occurdhamd are less than 18 grams of sugar in
the sugar-water solution.

S35: As the solution is a saturated, | mean, aeunated one.

4.4.4.Types of Solutions

The case was mentioned before asking questiontedeta the types of solutions theme to make
students to remember the sugar-water solution. edtadwere asked first to classify the solution
according to the amount of dissolved substancelandeason of their answer, and then to classdy th
solutions (the solution B was prepared by addimghteuncrushed sugar each of which weigh three
grams into 100 gram water at room temperature) rdaog to the amount of added solute and the
reason of their answer. When students’ responses amalyzed by taking both questions about the
types of solutions into account, most of the stisleresponses in the SCLG fell into SU, PU or
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PUAC levels (i.e. 20 students), whereas most ofsthdents’ responses in the UCLG and CG were
put into PU, PUAC or AC levels (i.e. 21 studentstlie UCLG and 19 students in the CG). The
following paragraphs explained responses givenaithdnterview question related to the types of
solutions in detail.

None of the students in the UCLG, three studentleérSCLG and one student in the CG were able to
classify the solution according to the amount asdlved substance with a correct explanation. The
student in the CG whose response was categorizeer uhe SU level stated that “it is a saturated
solution since 100 gram water dissolves maximumurnof sugar at constant temperature”. Similar
statements provided by students in the SCLG wefellasvs: “it is a saturated solution because sugar
is a solid and solubility of solids do not changdess temperature changes” and “100 gram water
dissolves 15 gram sugar at room temperature whiokvs the solubility value that can be computed
only for saturated solutions”. Three students icheaf the SCLG and UCLG and four students in the
CG, on the other hand, provided correct answer \witpartially correct explanation or incorrect
answer with a correct or partially correct expléomat The following conceptions were categorized
under the PU level: “it is a saturated solutiorcsiit involves sugar more than it can dissolve” dnd

is a concentrated solution since 100 gram wateyotliss maximum amount of sugar”. As shown in
the examples reported above, some students werahtetto distinguish between saturated and
supersaturated solutions (as in the first exampled,between saturated and concentrated solutsns (
in the second example). The most widespread anameng students in the UCLG and CG whose
responses were categorized under the PUAC levelitvigsa saturated solution containing 18 grams
of sugar in it". That response can be thought agwadence that those students did not realize the
components of solutions since they viewed undigsblsugar as a component of solution, which is
consistent with the findings of Pinagband Canpolat (2003). Two students in the SCLG taneke
students in each of the UCLG and CG, furthermomegincorrect answer with an explanation
involving a specific alternative conception abche types of solutions. The following statements are
examples drawn upon responses put into the AC:l&vé& an unsaturated solution since its solupili

is lower than 0.18 at room temperature”, “it isupar saturated solution because three grams of suga
stays undissolved”, “it is a super saturated sofusince there is more sugar than water can dis5olv
and “it is a heterogeneous mixture due to prediitd the bottom of the beaker”. Finally, responses
of one student in each of the SCLG and UCLG feat ithe NU level because the student in the SCLG
did not give any answer and the student in the U@aBe an irrelevant answer to the question by
stating that “it is @ homogeneous mixture sinceasulissolves in water”.

Related to the second interview question in theegypf solutions theme, students were asked to
classify the solutions A and B according to the antoof added solute. The solution A was the
solution mentioned in the case which was made wgxofincrushed sugar each of which weigh three
grams and 100 gram water at room temperature. dlaéian B, on the other hand, was composed of
eight uncrushed sugar each of which weigh threengrand 100 gram water at room temperature.
Four students in the SCLG, two students in the UCa@ three students in the CG gave correct
answer with a correct explanation. The followingtatatements are examples of students’ responses
categorized under the SU level: “the solution cionitig more solute (solution B) is more concentrated
than the solution containing less solute (solufiyhand “the solution A is diluted as compared he t
solution B”. Responses categorized under the Pél lexere those involving correct answer with a
partially correct or incorrect explanation, such‘esncentration of solutions are different relatie
one another” or “the solution B is a concentratad since temperature is constant”. Other altereativ
to be categorized under the PU level was includtiagrrect answer with a correct or partially cotrec
explanation, like “the solution A is a concentratatk because it contains less sugar”. Eventhough
they know that “the solution A is more diluted th#re solution B” or “the solution B is more
concentrated than the solution A", three studemtthé SCLG, four students in the UCLG, and two
students in the CG explained the reason of theswan with a specific alternative conception. The
following statements can be presented as examgleesponses fell into the PUAC level: “the
solution A is a diluted one because it cannot digsall of the added sugar”, “the solution B is a
concentrated one since it is more saturated thanstiution A, that is, the solution B is a super
saturated solution”, and “the solution A is a dddtone since three grams of sugar remains
undissolved at the bottom of the beaker”. It wasials that those students were confused with the
types of solutions classified on the basis of thant of dissolved solute (i.e. saturated, unsstdra
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and super saturated solutions) and the types afian$ classified according to the amount of added
solute (i.e. diluted and concentrated solutionsjly@ne student in the SCLG, but four studentdia t
UCLG and two students in the CG gave incorrect ansmith an explanation containing a specific
alternative conception. The student in the SCLG, ifstance, stated that “one cannot classify
solutions according to the amount of added sug#esantheir solubility at room temperature are
known”. Other conceptions categorized under the I8l were as follows: “the solution A is a
concentrated one because saturated solutions acerdoated at the same time” and “the solution B is
a super saturated solution since it is more conagat than the solution A which is a saturated
solution”. One student in the CG, on the other hatid not give answer at all and the response was
placed under the NU level, accordingly.

When responses categorized under the PUAC and #»&slén the types of solutions theme (nine

students in the SCLG, 16 students in the UCLG, Hhdtudents in the CG) were investigated, it was
apperant that students have troubles in classifgwigtions according to the amount of dissolved
sugar and the amount of added sugar. The most carpnadlems were related to low understanding
of the difference between saturated and super aatlirsolutions, saturated and concentrated
solutions, and concentrated and super saturatadice®. Another concept that many students
experience difficulty in understanding was the comgnts of solutions. Actually, majority of students

were able to identify solute and solvent, wherdssy tmostly did not explain components of the

solution when it involves undissolved solute. lhext words, most of the students were not able to
identify whether or not undissolved solute is a poment of the solution, that is in accord with

previous studies in the related literature (e.quafhg! & Canpolat, 2003). Table 4.29 summarizes
widespread alternative conceptions identified dwrogonducting interviews with students across
groups.

Table 4.29 Alternative conceptions about the tygfesolutions

Undissolved sugar is a component of solution.

Unsaturated solutions contain undissolved soluteeabottom.

Super saturated solutions involve undissolved saltithe bottom.

Undissolved sugar is an evidence for classifyingastwater as a heterogeneous mixture.
Solutions containing undissolved solute are diluted

Saturated solution means concentrated solution.

The solution that is more concentrated than a atgdrsolution is a super saturated solution.

Sample interview excerpts from three students the# the treatment group were presented below
where students labeled as S5, S8 and S11 standsuftents in the SCLG, students labeled as S14,
S20 and S24 stands for students in the UCLG, amiests labeled as S28, S30 and S34 stands for
students in the CG:

Researcher: Can you classify the solution accorttirite amount of dissolved substance?

S5: It may be a super saturated solution.

S8: Saturated one.

S11: It is a saturated solution.

S14: Homogeneous mixture.

S20: It is a saturated solution.

S24: Heterogeneous one.

S28: Saturated solution.

S30: It is a super saturated solution.

S34: Concentrated solution.

Researcher: What is the reason of your answer?

S5: Three grams of sugar remains undissolved abdtm of the beaker. Undissolved

solute is a property of super saturated solutibtignk.
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S8: Sugar is a solid and solubility of solids dd abange unless temperature changes. 100
gram water dissolved 15 gram sugar which is theimnasa amount at room temperature.

S11: Because, the solution involves sugar moreithzan dissolve as in the case of saturated
solutions.

S14: As you know sugar dissolves in water.

S20: As | see, it contains 18 grams of sugar in it.

Researcher: Do you (S20) think undissolved sugarcismponent of the solution?

S20: | think so. All dissolved and undissolved sugiet as the solute of the solution.

S24: 1 did not see a solution containing undissblsegar...| mean, it cannot be a solution but
a heterogeneous mixture.

S28: 100 gram water dissolves maximum amount ofrsaigconstant temperature, that is, at
room temperature.

S30: There is more sugar than water can dissolfie. Solution would be saturated if 15
grams of sugar were added. However, it is supera®d since 18 grams of sugar was added
into 100 gram water.

S34: 100 gram water dissolves maximum amount cdisug

Researcher: Can you classify the solutions inclydiix and eight uncrushed sugar each of
which weigh three grams in 100 gram water (thetgmuA and B, respectively) according to
the amount of added solute?

S5: Concentration of solutions are different rekatio one another.

S8: The solution A is more diluted than the soluti

S11: We cannot classify solutions.

S14: Solution A is a concentrated one.

S20: The solution A is a concentrated one.

S24: Solution A is diluted.

S28: The solution B is more concentrated than thetisn A.

S30: Solution B is a super saturated solution.

S34: The beaker B contains concentrated solution.

Researcher: What is the reason of your answer?

S5: As | said concentrations of the beakers A arateBdifferent since different amounts of
sugar was added in each of the beaker.

S8: The solution A contains six uncrushed sugafl@8 gram water but the solution B
contains eight uncrushed sugar in the same amduvdter.

S11: As we do not know their solubilities at roe@mperature.

S14: Saturated solutions are concentrated at the Sene.

S20: As it contains less sugar. As | know, soluitimat involve less solute are described as
concentrated solutions.

S24: Solution A cannot dissolve all of the addegbsiso it is a diluted one.

S28: The solution B is more concentrated than dhation A because the solution B involves
more solute as compared to the solution A. It iyeasy | think.

S30: Since the solution B is more concentrated th@nsolution A which is a saturated
one...I mean... To conclude, since the solutionsBmiore concentrated than a saturated
solution, it is labeled as super saturated solution

S34: Solubility does not change unless temperasurbanged.

4.4.5.Factors Affecting Solubility

Students were given four alternatives and askedwfactor(s) affects solubility of the sugar-water
solution as specified in the case beforehand. Tieenatives among which students were required to
select the correct answer involve stirring processface area of sugar, temperature, and changing
amount of water. Responses about the factors affecolubility theme were categorized under
several understanding levels according to the anstwelents provided. More specifically, students’
responses were put into PU, AC, or NU if they dele@n alternative different than temperature as th
factor affecting solubility of the solution andlfeito SU, PU, or PUAC if they stated the temperatu

as the factor affecting solubility of the sugar-grasolution. Assessment about under which level to
categorize responses, on the other hand, was dpramdlyzing explanations about the reason of
answers. In particular, responses were categonimeter the SU level when students specified



123

temperature as the factor affecting solubility bé tsolution with a correct explanation. Students’
responses were categorized under the PU level wesnspecified stirring, surface area of sugar or
changing amount of water with a correct or pasti@brrect explanation related to the answer, or
when they specified temperature with a partiallyrect explanation. PUAC and AC levels are
common in terms of including an explanation withspecific alternative conception, whereas
responses were put into the former when studerngsifigd temperature as the factor affecting
solubility, and responses were put into the latteen students selected other factors than temperatu
as the factor affecting solubility of the solutidResponses were assessed as NU when students gave
irrelevant answer or incorrect answer without amplanation. When students’ responses on the
guestion about the factors affecting solubility eepmpared across groups, it was clear that most of
the students’ responses in the SCLG fell into thleo® PU levels (i.e. 10 students), whereas most of
the students’ responses in the UCLG were put imoRU or AC levels (i.e. 8 students), and most of
the students’ responses in the CG fell into the @UAC levels (i.e. 8 students). The following
paragraphs explained responses given to each atii@related to the factors affecting solubility i
detail.

Responses of one student in each of the SCLG andGU@ere categorized under the PU level
because they selected the effect of stirring asatter affecting solubility of the sugar-water idn

with a correct explanation regarding stirring. Téteident in the SCLG, for instance, stated that
“stirring affects solubility of sugar because pads gain velocity as the solution is stirred up”.
Moreover, one student in each of the UCLG and Clécged stirring as the answer with a specific
alternative conception. The following statementsrasponses of those students categorized under the
AC level: “certain amount of sugar stays at thetdrot without dissolved if we do not stir the
solution” and “the sugar precipitated at the bottamould dissolve if one continues to stir the
solution”.

Responses of one student in each of the SCLG, U@h&,CG were categorized under the PU level
because they selected the effect of surface arsagafr as the factor affecting solubility of thgau
water solution with a correct explanation regardsgface area. The student in the UCLG, for
example, stated that “adding 18 gram crushed sugerad of six uncrushed sugar increases solubility
of the solution since water interact with more andgen sugar is in crushed form”. Other responses
about the effect of surface area were categorinei@énthe AC level which were stated by one student
in the SCLG, and two students in each of the UCh@ @G. The following statement is an example
of the SCLG student’s response under the AC leitee amount of dissolved sugar increases as
surface area is increased by making sugar crushed”.

Responses of students, who specified temperatutkeatactor affecting solubility of the solution,
were categorized under each of the understandive] kxcept the AC and NU levels since those
categories require incorrect answer. Responsesxaoftsdents in the SCLG, three students in the
UCLG, and four students in the CG included coresswer with a correct explanation. The following
statements are examples of responses categorizizt tiee SU level: “temperature is the unique
factor affecting solubility of solids”, “althoughising and surface area influence speed of satybil
temperature affects solubility of the sugar-watuton”, “temperature and pressure are the factors
affecting solubility but since sugar is a solide thffect of pressure is excluded from the scope”,
“increase in temperature results in increase iretiinenergy of particles and as kinetic energy of
particles increases, solubility increases”, “fastor a and b alternatives (i.e. stirring and swfarea)
affect just speed of solubility, the factor in ce(ichanging amount of water) affects concentradion
the solution, but temperature affects solubilit{'s temperature increases, solubility of sugar aew
increases”, and “the motion of particles increassstemperature increases which cause more
interaction among particles of sugar and water'erEkough they specified temperature as the factor
affecting solubility, one student in each of theL&®Z UCLG, and CG could not explain the reason of
their answer and those responses were accommaidateel PU level. Moreover, one student in each
of the UCLG and CG specified temperature with aplaxation involving a specific alternative
conception. Response of the student in the CG caregl under the PUAC level was “solubility of
sugar increases as temperature is increased besalid® can dissolve in liquids when the liquid is
hot”. Another statement fell into the PUAC level svprovided by the student in the UCLG was
“temperature has the power of increasing solubditgolids, liquids, and gases”.
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Two students in each of the treatment groups salechanging amount of water as the factor
affecting solubility of the solution. Among thos& students, one student’s response was categorized
under the PU level, three students’ responses wategorized under the AC level (one student in
each of the SCLG, UCLG, and CG), and two studeetghonses were categorized under the NU level
(one student in each of the SCLG and CG). Respofitde student in the UCLG assessed as PU level
was “the solution becomes unsaturated and diluteehvhalf of the water is evaporated”. The reason
of placing that answer under the PU level was\ibives incorrect answer with a partially correct
explanation, which is the criteria for accommodatém answer under the PU level (see Table 4.25). It
was obvious from the response that the studenttioadbles with the distinction between solubility
and concentration of solutions. The following steg¢ats, furthermore, are examples of responses fell
into the AC level: “the amount of dissolved sugareases when the amount of solvent is decreased”
and “evaporating 50 gram of water increases sotylif the solution because there are same amount
of sugar in lower amount of water”. Finally, twoudents gave incorrect answer without any
explanation and their responses were put into thel®&Vel, such as “all of the four factors you
introduced affect solubility”.

When responses categorized under the PUAC and ¥&€Islén the factors affecting solubility theme
(one student in the SCLG and five students in eddhe UCLG and CG) were examined, it can be
concluded that majority of the students understfamtiors affecting solubility well as compared to
other concepts related to mixtures. Many studespedally in the UCLG, on the other hand, were
unable to differentiate factors affecting speeddafibility, solubility, and concentration of soloris.
Table 4.30 covers alternative conceptions studeolis related to factors affecting solubility, which
are in consistent with the findings of Blanco amigt® (1997), Valanides (2000a), and Calik (2005).

Table 4.30 Alternative conceptions about the factdfecting solubility

Certain amount of sugar stays at the bottom with@sgolved if we do not stir the solution.

Sugar precipitated at the bottom dissolves if amdioues to stir the sugar-water solution.

The amount of dissolved sugar increases as suafeeeis increased by making sugar crushed.
Solubility of sugar increases as temperature iseamed because solids can dissolve in liquids
when the liquid is hot.

Temperature has the power of increasing solulifityolids, liquids, and gases.

The amount of dissolved sugar increases when tloanof water is decreased because there are
same amount of sugar in lower amount of water.

Sample interview excerpts from three students ohed the SCLG, UCLG, and CG were presented
below where students labeled as S3, S7 and Sl@ssfanstudents in the SCLG, students labeled as
S15, S22 and S24 stands for students in the UCh& students labeled as S25, S34 and S36 stands
for students in the CG:

Researcher: Which of the following(s) affects sdltybof the sugar-water solution?
S3: Temperature affects solubility of sugar in wate

S7: Stirring the solution.

S12: Adding crushed sugar affects the solubility.

S15: Adding 18 gram crushed sugar instead of serughed sugar influences the solubility
of the solution.

S22: Increasing temperature to 6D

S24: Adding same amount of crushed sugar instead@fished sugar.

S25: | think, temperature.

S34: Stirring up the solution will increase itsidaility.

S36: Temperature increase.

Researcher: What is the reason of your answer?



125

S3: Because, temperature is the unique factortaftpsolubility of solids, like sugar.

S7: Particles gain velocity as the solution igstirup.

S12: The amount of dissolved sugar increases dacsuarea is increased by making sugar
crushed.

S15: Since water has a chance to interact with ra@a when sugar is in crushed form.

S22: As temperature is increased, kinetic energyadticles increase and as kinetic energy of
particles increase, solubility of the solution ie&ses.

S24: The amount of dissolved sugar and so the gibyubf sugar is higher when 18 gram
crushed sugar is added instead of uncrushed segause crushed form of sugar melts more
easily.

S25: Sugar is a solid and solids dissolve whennigteot.

Researcher: What about when water is cooled?

S25: Think the case of tea please. Of course, qureaipitates if tea is cold.

S34: As mentioned in te case, there is three grafmsugar at the bottom although the
solution is stirred. But, | believe that undissalvaigar would also dissolve if one continues
to stir the soultion.

S36: Among these alternatives, solely temperatdifecta solubility of the sugar-water
solution. Factors in a and b (i.e. stirring andace area of sugar) affect speed of the solution
and the factor in d (i.e. changing amount of waa#igcts concentration of the solution.

4.4.6.Separation of Mixtures

Students were given four alternatives and askedatwhiethod(s) can be used to separate sugar and
water from the solution specified in the case kefdrhe alternatives among which students were
required to select the correct answer involve exatm, filtration, separating funnel, and distiltan.
Responses about the separation of mixtures themme wategorized under several understanding
levels according to the answer students provideateMpecifically, students’ responses were put into
PU, AC, or NU if they selected an alternative diffiet than distillation as the method to separate
sugar and water and fell into SU, PU, or PUAC Htlstated distillation as the method to separate
sugar and water from the solution. Assessment alpmilgr which level to categorize responses, on the
other hand, was done by analyzing explanationstabeureason of answers. In particular, responses
were categorized under the SU level when studquesified distillation as the method to separate
sugar and water with a correct explanation. Stigleasponses were categorized under the PU level
when they specified evaporation, filtration or segpiag funnel with a correct or partially correct
explanation related to the answer, or when theycifipd distillation with a partially correct
explanation. PUAC and AC levels are common in teofcluding an explanation with a specific
alternative conception, whereas responses wenatouthe former when students specified distillatio
as the method to separate sugar and water, andnsesp were put into the latter when students
selected other methods than distillation as thehotkto separate the components of the solution.
Responses were assessed as NU when studentsrgéersaint answer or incorrect answer without any
explanation. When students’ responses on the questbout the separation of mixtures were
compared across groups, it was clear that mosteo$tudents’ responses in the SCLG fell into the SU
level (i.e. eight students), whereas most of tlelestts’ responses in the UCLG and CG distributed
nearly equal among various levels of understandiige following paragraphs explained responses
given to each alternative related to the separationixtures in detail.

Totally, four students selected evaporation as rttethod to separate sugar and water from the
solution. While two students’ responses were categod under the PU level (one student in each of
the SCLG and UCLG), two students’ responses weaegd under the NU level (one student in each
of the UCLG and CG). The student in the SCLG whasponse included incorrect answer with a
correct explanation related to evaporation, fortanse, stated that “sugar and water can be get
separately by evaporation since it makes watestame”. The student in the UCLG whose response
was categorized under the PU level, on the othed hadeclared that “the sugar-water solution can be
separated by evaporation as it does not affectrshigacauses water to separate”. The following
statements, furthermore, were categorized under\televel: “I do not actually understand the
difference between evaporation and distillationtl dare not evaporation and distillation the same
methods”.
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One student in each of the SCLG and UCLG, and twdesits in the CG selected filtration as the
method to separate sugar and water from the solutibh an explanation involving a specific
alternative conception. The most widespread expilamanvolving a specific alternative conception
about filtration, specified by one student in ea¢hhe SCLG, UCLG, and CG, was “filtration is a
method to separate solids from liquid solutionsiés obvious from the statement that some students
did not take the nature of mixtures into accountsifiltration is a method to separate solid-liquid
heterogeneous mixtures, but not homogeneous msxtuxaother response fell into the AC level
provided by a student in the CG was “sugar and mete be separated from each other by filtration in
which sugar stays on the filter paper and wates gweto the beaker”.

Solely one student in the SCLG, two students inWi@L.G and four students in the CG specified
separating funnel as a means to separate sugawated from the solution. Among these seven
students, one student’'s response was put into thdei?el (a student in the CG), three students’
responses were put into the AC level (one studetite UCLG and two students in the CG), and three
students’ responses were put into the NU level &nédent in each of the SCLG, UCLG, and CG).
The student in the CG, whose response was categoudader the PU level, stated that “separating
funnel can be used to separate mixtures accordintheir density differences”. The following
statements, on the other hand, were responsedethanto the AC level: “separating funnel is a
vehicle to separate liquid-liquid mixtures and suggained into liquid after dissolved in water” and
“sugar stays in separating funnel but water fletee sugar is denser than water”. The following
statements, furthermore, can be presented as egampiesponses fell into the NU level: “separating
funnel can be used to separate sugar and watel thotnot remember the working principle of
separating funnel”, “I am sure separating funnelised to separate sugar from water”, and “can
separating funnel be?”.

Responses of students, who specified distillatisrttee method to separate sugar and water, were
categorized under each of the understanding lesslp the AC and NU levels since those categories
require incorrect answer. Eight students in the GCihree students in the UCLG, and four students
in the CG gave correct answer by stating that ilitistbn can be used to separate sugar and water
from the solution” with providing following explatians: “sugar is separated by evaporating water
and water is get back by condensing vapor of watewaporation can be used to get sugar only but
distillation is used to get sugar and water sepfratand “the mixture under investigation is aidel
liquid homogeneous mixture and distillation is atmoel to separate components of that type of
solutions”. None of the students’ responses inS&.G, two students’ responses in the UCLG and
one student’s response in the CG were categorinddruthe PU level. The student in the CG, for
instance, stated that “distillation is used sintasirelated to boiling point differences”. Other
responses were provided by students in the UCLG wasrfollows: “distillation is used to separate
sugar and water as their densities are far apad’“distillation is used but | cannot remember the
reason”. Finally, one student in each of the trestihgroup gave correct answer with an explanation
involving a specific alternative conception. Thatetents that put into the PUAC level were as
follows: “distillation is used to separate liquidtiid mixtures as in this case since sugar becomes
liquid after dissolved in water”, “distillation igsed since sugar has higher boiling point than ryate
and “distillation is used because water boils @ 4D and sugar stays in distillation column which
involves substance having higher boiling point”.

When responses categorized under the PUAC and ¥dlslen the separation of mixtures theme (two
students in the SCLG and four students in eacthefUCLG and CG) were examined, it can be
concluded that many students had alternative cdiorepeven after the instruction was completed as
reported in the related literature (Osborne & Coggr 1983). Moreover, most of the alternative
conceptions about the separation of mixtures wermdd as a result of low understanding of the
previous concepts of chemistry, especially the neatf matters. Table 4.31 presents alternative
conceptions students had related to separatiorixbfires.
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Table 4.31 Alternative conceptions about the sdjparaf mixtures

Filtration is a method to separate solids fromiliggolutions.

Sugar and water can be separated from each oth&ltration in which sugar stays on the filter
paper and water goes on to the beaker.

Separating funnel is a general means to sepagatieliquid mixtures.

Sugar stays in separating funnel but water floatsessugar is denser than water.

Distillation is a general method to separate ligigdid mixtures.

Sugar stays in the distillation column since it hagher boiling point than water.

Sample interview excerpts from three students ohes the treatment group were presented below

where students labeled as S5, S10 and S12 remesadents in the SCLG, students labeled as S15,
S20 and S23 represents students in the UCLG, adersts labeled as S27, S32 and S35 represents
students in the CG:

Researcher: Which method(s) can be used to sesagae and water from the solution?

S5: Distillation can be used to separate sugamatdr from the solution.

S10: We can separate sugar and water by filtration.

S12: Distillation is used.

S15: Distillation can be used to separate thosstanbes.

S20: Distillation.

S23: Evaporation can be used to get sugar and ¥raterthe solution.

S27: Distillation is used.

S32: Filtration is a good method, | think.

S35: Distillation can be a good choice.

Researcher; What is the reason of your answer?

S5: Sugar is separated by evaporating water andrwsaiget back by condensing vapor of
water.

S10: Since filtration is a method to separate sdtidm liquids.

S12: Because water boils at 180 and sugar stays in distillation column as it hagher
boiling point than that of water.

S15: Since sugar has higher boiling point than wate

S20: Here is the evaporation can be thought ashh#enging alternative but evaporation
can be used to get sugar only. To get sugar andrvgaparately, then, distillation can be
used.

S23: Evaporation does not affect sugar but causdsrwo escape. Correspondingly, sugar
and water are separated.

S27: The mixture under investigation is a soliddéghomogeneous mixture and distillation
is a method to separate components of that tygelafions

S32: As sugar is a solid and water is a liquidythan be separated from each other by
filtration. Filtration is a method established &parate solids.

Researcher: Then, which substance stays on fiteer?

S32: Sugar stays on filter paper as it is a salii\@mater goes on as it is a liquid.

S35: Distillation is used to separate liquid-liquiiktures as in this case since sugar becomes
liquid after dissolved in water.

Analyses of responses of interview questions redkttidat students in the SCLG had fewer alternative
conceptions about the concepts of mixtures as coadp@ students in the UCLG and CG. In other
words, alternative conceptions about the conceptaixture were overcome more effectively when

students were instructed by CLCC instead of CLC@(J TI. Although much lower than students

performed in the UCLG and CG, students in the SCia@ alternative conceptions related to the
concepts of mixtures, which can be interpreted m®wddence of persistent nature of alternative
conceptions as claimed by the relevant literat@sbprne & Cosgrove, 1983). To sum up, results
drawn upon interviews verified results of perceetagf students’ correct responses on the post-MCT.
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4.5. Conclusions

The conclusions of the study are presented belcavsasnmary of the results.

Analyses of pretest scores revealed that there wetestatistically significant mean
differences among the groups exposed to variatddnsooperative learning based on
conceptual change and traditional instruction wétspect to students’ understanding the
concepts of mixtures and their motivation (Wilks= .91, F(18, 324) = .89, p = .60),
with a .05 effect size and .65 observed power.

Analyses of posttest scores assured that there witestically significant mean
differences among the groups exposed to variatidnsooperative learning based on
conceptual change and traditional instruction wétspect to students’ understanding the
concepts of mixtures and their motivation (Wilks= .01, F(18, 330) = 165.72, p = .00),
with a .90 effect size and 1.00 observed power.

There was a statistically significant mean diffeeramong the groups exposed to
variations of cooperative learning based on conmmthange and traditional instruction
with respect to their post-MCT scores, favoringdstuts in the SCLG. To conclude,
students in the SCLG understood the concepts otunéig better as compared to
students in the UCLG and CG.

There were statistically significant mean differemcamong the groups exposed to
variations of cooperative learning based on conmmthange and traditional instruction
with respect to their post-SELP, post-TV, post-Cl®st-TA, post-MAP, post-MAV,
post-PAP, and post-PAV scores.

Students in the SCLG had higher self-efficacy fearhing and performance as
compared to students in the CG. Therefore, it aagdncluded that students who were
instructed by CLCC had higher expectancies for ssg@nd were more confident in
their own skills to learn concepts of chemistrycampared to students taught by TI.

Students in the SCLG had higher task value thadesiis in the UCLG and CG, and
students in the UCLG had higher task value thadestts in the CG. Correspondingly, it
can be concluded that students instructed by CLie@ed the concepts of chemistry as
more useful, important, and valuable than studesxposed to CLCC(-) and TI.
Moreover, students taught by CLCC(-) viewed theceqts of chemistry as more useful,
important, and valuable than students exposed.to Tl

Students in the SCLG had higher control of learrbetiefs as compared to students in
the UCLG and CG. Accordingly, it can be concludeat students exposed to CLCC felt
greater control over their own learning and showeehter commitment to learn the
concepts of chemistry, as compared to studentsigiet by CLCC(-) and TI.

Students in the UCLG and CG had higher test anxastgompared to students in the
SCLG. Therefore, it can be concluded that studémétructed by CLCC(-) and TI
possessed more negative thoughts while they w&negte@hemistry tests, as compared
to students exposed to CLCC.

Students in the SCLG oriented mastery approachsguoate than students in the UCLG
and CG, and students in the UCLG oriented mastepycach goals more than students
in the CG. Correspondingly, it can be concluded #tadents instructed by CLCC

focused more on meaningful learning to understaeccbncepts of chemistry deeply, as
compared to students exposed to CLCC(-) and Tleldheer, students taught by CLCC(-
) focused more on meaningful learning to understéedconcepts of chemistry deeply
than students instructed by TI.
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Students in the CG adopted mastery avoidance goats than students in the SCLG
and UCLG. Therefore, it can be concluded that sitelexposed to Tl focused on
avoiding any misunderstanding of the concepts ehubtry more than students taught
by CLCC and CLCC(-).

Students in the UCLG adopted performance approaelfisgnore than students in the
SCLG and CG. Accordingly, it can be concluded ttadents instructed by CLCC(-)
focused more on trying to be the best performeshiemistry lessons in comparison to
others, as compared to students taught by CLCO &and

Students in the CG oriented performance avoidamasgmore than students in the
SCLG and UCLG, and students in the UCLG orientedfopmance avoidance goals
more than students in the SCLG. Therefore, it canconcluded that students who
instructed by Tl focused more on trying not to parf worse in chemistry than others,
as compared to students instructed by CLCC and GHCKoreover, students taught by
CLCC(-) focused more on trying not to perform woisechemistry than others, as
compared to students instructed by CLCC.

Analyses of responses of interview questions rexe#hat students in the SCLG had
fewer alternative conceptions about the conceptaigfures as compared to students in
the UCLG and CG. In other words, alternative cotiogg about the concepts of

mixtures were overcome most effectively when theidsaof cooperative learning are

well-structured. Otherwise, cooperative learningdmhon conceptual change practices
could not result in higher mastery and lower al¢ie conceptions than traditional

instruction, even could cause lower understandnthragher alternative conceptions.

Eventhough much lower than students performedenELG and CG, students in the
SCLG hold alternative conceptions related to thecepts of mixtures, which can be
interpreted as an evidence of persistent natuidtefnative conceptions as claimed by
the relevant literature (Osborne & Cosgrove, 1983).

Results drawn upon interviews verified results @frgentages of students’ correct
responses on the post-MCT.
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CHAPTER 5

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS

This chapter presents discussion of the resultplications of the study, and recommendations for
future studies.

5.1. Discussion

The purpose of this study is to investigate theafof structuring cooperative learning based on
conceptual change approach on grade nine studemdsrstanding the concepts of mixtures and their
motivation (Self-Efficacy for Learning and Perfomca, Task Value, Control of Learning Beliefs,

Test Anxiety, Mastery Approach Goals, Mastery Awaride Goals, Performance Approach Goals,
Performance Avoidance Goals). Six classes of artdiaa high school in Isparta participated in the
study in the spring semester of 2011-2012 overteigleks. Two of the participating classes were
randomly assigned to SCLG where students wereuictstl by CLCC, the other two classes were
randomly assigned to UCLG where students wereuatd by CLCC(-), and the remaining two

classes were randomly assigned to CG where studenésinstructed by TI.

All treatment groups were administered MCT, MSL@daAGQ as pretests to determine whether
there were significant mean differences among tbegs with respect to students’ understanding the
concepts of mixtures (pre-MCT), and their motivatipre-SELP, pre-TV, pre-CLB, pre-TA, pre-
MAP, pre-MAV, pre-PAP, pre-PAV). Students’ pretasiores were analyzed by MANOVA which
revealed that there were not statistically sigaificmean differences among SCLG, UCLG, and CG
with respect to students’ understanding the comcepmixtures and their motivation, with a .05 effe
size and .65 observed power.

After treatments were completed, MCT, MSLQ, and A@&e administered to SCLG, UCLG, and
CG as posttests to determine whether there wergfisant mean differences among the groups
exposed to variations of cooperative learning basedonceptual change and traditional instruction
with respect to students’ understanding the comsceptmixtures (post-MCT), and their motivation
(post-SELP, post-TV, post-CLB, post-TA, post-MARyspMAYV, post-PAP, post-PAV). Students’
posttest scores were analyzed by MANOVA which as$uhat there were statistically significant
mean differences among the groups exposed to iansadf cooperative learning based on conceptual
change and traditional instruction with respedtttadents’ understanding the concepts of mixtures an
their motivation, with a .90 effect size and 1.@®erved power. According to Cohen’s guidelines, the
effect size was such a large value that 90 % otdtad variance of post-MCT, post-SELP, post-TV,
post-CLB, post-TA, post-MAP, post-MAV, post-PAP,dapost-PAV could be attributed to the type
of instruction (as cited in Pallant, 2001).

Cooperative learning is one of the greatest succksslucational history (Slavin, 1996; Johnson &
Johnson, 1999) since it has positive effects ortipteloutcomes including conceptual understanding,
motivation, higher-level reasoning, retention, tattes, self-esteem, and social skills (Johnson &
Johnson, 1979; Madden & Slavin, 1983; Webb, 198hndon, Johnson, & Smith, 1998; Hancock,
2004; Bilgin & Geban, 2006; Acar & Tarhan, 2007).h&eas numerous research studies have
documented the benefits of cooperative learningtadent outcomes, few studies have improved our
understanding of under which conditions cooperatearning results in such diverse outcomes
(Cohen, 1994; Slavin, 1996; Ashman & Gillies, 199@hnson & Johnson, 1999; Gillies, 2003; 2004).
It is a well-known fact that “having a number ofopée work together does not make them a
cooperative group...Groups do not become cooperatigsups simply because that is what someone
labels them” (Johnson & Johnson, 1999, p. 70-7il)isionly when positive interdependence,
individual and group accountability, face-to-fagemotive interaction, interpersonal and small group
skills, and group processing are well-structuredhe®vise, learning groups can be labeled as
“traditional learning group” (Johnson & Johnson9%Y “unstructured cooperative learning group”
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(Gillies & Ashman, 1996; 1998; Gillies, 2004), “gqo work-only group” (Gillies, 2006), “loosely
structured cooperative learning group” (Ahmad & Muetod, 2010), or “informal cooperative group”
(Gillies, 2008; Slavin, 2009). Eventhough rareearsh studies having been examined the effect of
structuring certain elements of cooperative learrdansistently concluded that cooperative learning
has positive impacts if and only if students intgend each other positively, are accountable to
achieve the mutual goal, interact with each othexr manner to promote each other’s learning, operat
interpersonal and small group skills, and reflectite process of learning to increase group merbers
commitment to reach the mutual goal of the groghiidon & Johnson, 1989; 1999; 2008; Battistich,
Solomon, & Delucchi, 1993; Ashman & Gillies, 199Gjllies, 2003; 2004; 2008). Johnson and
Johnson (1999), for instance, suggested a leargmoyp performance curve which indicates
performance of students in cooperative learningugsoas higher than performance of students
working in traditional learning groups, while pemftance of students in traditional learning groups a
equally well as individuals working alone (see Feg@.1). According to Gillies (2004), unstructured
cooperative learning groups have the same franmte wilitat Johnson and Johnson (1999) labeled as
traditional learning groups, and structured coofpedearning groups have the same discourse with
that of cooperative learning groups, proposed nson and Johnson (1999). In the present study,
analyses of post-MCT results revealed that thereavstatistically significant mean difference among
the SCLG, UCLG, and CG, favoring students in thd SGSCLGean= 21.91, UCLGean= 14.52,
CGiean= 15.41). Although post-MCT mean scores of stusiémtthe CG were higher than those of
students in the UCLG, the mean difference was tadisically significant. Moreover, students having
different achievement levels according to their tpd€T scores were selected for individual
interviews to gain insight into students’ concepsicabout the concepts of mixtures after they have
received instruction with CLCC, CLCC(-), or TI. Réts drawn upon students’ responses to interview
questions verified results of post-MCT, that isalgees of responses of interview questions revealed
that students in the SCLG had fewer alternativeceptions about the concepts of mixtures as
compared to students in the UCLG and CG. Althouwdy thad higher alternative conceptions than
students in the SCLG, students working in groupkhénUCLG and students working alone in the CG
had nearly equal amounts of alternative conceptabwut the concepts of mixtures. These results
were consistent with what Johnson and Johnson j198#jested in the learning group performance
curve as students in the SCLG had the best undediath with the lowest alternative conceptions,
whereas students in the UCLG did not differ fronudsints in the CG with regard to their
understanding the concepts of mixtures.

Student Teams-Achievement Divisions (STAD), one tbé methods of cooperative learning
attributing achievement outcomes to group goalgroup rewards based on individual learning of
every group members (Slavin, 1996), was put intefice while CLCC and CLCC(-) treatments were
implemented. The cooperative learning lessons QleCC and CLCC(-)) were designed by taking
conceptual change conditions into account, a popap@roach in explaining how learners change
their alternative conceptions with that of sciaoéifly correct ones through introducing disagreemen
with the intelligible, plausible, and fruitful infoation (Posner et al., 1982). The teaching aaivit
were prepared primarily to dissatisfy students wilieir current cognitive structures through
incorporating alternative conceptions about thecepts of mixtures, the first and the fundamental
condition for conceptual change to occur. A grotigtadents, who were dissatisfied by the questions
at the beginning of the teaching activities, reggirto deepen the state of disequilibrium by
challenging each other’s viewpoints while they wetadying within their teams. The specified
alternative conceptions were tested by asking quneé questions at the end of the activities to
provide intelligibility and plausibility, and by kisig examples related to daily life to ensure
fruitfulness. Apart from questions asked in thecléag activities, the teacher required students to
explain learned concepts in their own words, asskffsstudents understood the concepts and made
necassary connections with previous concepts, estéd whether students were able to internalize
learned concepts to be used in different contextadke the scientific concepts intelligible, pldlesj

and fruitful. In brief, the teacher presented disse of lessons in the CLCC(-) as in the CLCC,
students studied the same teaching activities mwithrioups and they individually took the same
quizzes following team study as in the CLCC, arel dtudents’ individual improvement scores were
determined in the UCLG as in the SCLG. In conttas€LCC, however, the basics of cooperative
learning were not well-structured in the CLCC(€atment, which was the unique difference between
two types of instruction. Whereas students in haftthe SCLG and UCLG were instructed by the
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same method of cooperative learning (i.e. STAD) tredsame procedures for conceptual change to
happen were followed, there was statistically digant mean difference between students in the
SCLG and UCLG with respect to their post-MCT scoriesthe favor of students in the SCLG.
Therefore, it can be concluded that cooperativeniag strategy promotes conceptual change if and
only if learning groups are well-structured as éothuly cooperative learning groups, as suggesyed b
Johnson and Johnson (1999). Johnson and Johns®i) (bfoposed several reasons that prevent
learning groups to be an effective cooperativeniear group (as cited in Johnson & Johnson, 1999).
Among those reasons, four of them might be relédethe present study, namely uncritically giving
one’s dominant response, groupthink, lack of sigfit heterogeneity, and lack of teamwork skills.
Uncritically giving one’s dominant response occwieen members of a group approve the response of
students who have certain characteristics influencother group members (e.g. achievement,
leadership properties, physical appearance), idstéarying to reach a consensus among various
ideas and disagreements which is the way of pramatbnceptual change. It was observed during
classroom observations that students in the SClL&pgsed various ideas related to solutions of
questions in the activity, discussed on disagre¢sremd gave a group decision to complete tasks, and
promoted each other’s understanding by giving telpmembers who have not grasped the content
well. On the contrary, students in the UCLG did fnejuently share information but tried to complete
the activity by their own with little commitment teach other’s learning, did not challenge each
other’s thoughts in order not to hurt their friehighs and did not explain content of the activity to
groupmates who need help. The main reason of rateclging each other’s thoughts might be not
structuring positive goal interdependence and aijyegs of positive interdependence in groups in the
UCLG since “the greater the positive interdependemgthin a learning group, the greater the
likelihood of intellectual disagreement and cornflaamong group members” (Johnson & Johnson,
1999, p. 87). The second reason of non-cooperatiggested by Johnson and Johnson (1997) is the
groupthink, which is actually a group pressure ttaaise members to perceive any disagreement or
conflict as a threat to group cohesiveness. Vievang disagreement as a threat to their friendship
might cause students in the UCLG to accept beléfsertain students readily, which formed an
obstacle for conceptual change to happen. Anothason of groupthink might be having been
assigned permanent leaders within groups who wavedinating and directing other members’ point
of views. As a result of not structuring positiv@er interdependence, members other than leaders
might feel themselves unnecessary. Further realsgroapthink might be related to lack of sufficient
group heterogeneity, which is also the third reasfomot being a truly committed cooperative leagnin
group. The composition of groups in the UCLG wambgeneous in nature since students selected
generally their close friends to study with anddsti-made groups do not generally discuss on
necessary tasks adequately which causes littlefibémmen cooperative learning. The final reason of
non-cooperation related to the scope of this stadack of teamwork skills. Johnson and Johnson
(1999) supposed that taskwork cannot be attainabless students are trained on teamwork skills
since individuals are not born with qualified skitbn how to study as a group. To sum up, students
within groups in the UCLG were not able to overcomajority of common alternative conceptions
about the concepts of mixtures as well as groupthenSCLG because they were not trained on
teamwork skills necessary for effective cooperatithrey were not assigned complementary roles,
they tried to learn the concepts individually withle commitment to others’ learning, and they wer
not heterogeneous enough to challenge each othairis of views. As a result of not well-structuring
basics of cooperative learning, students in the GGliewed being in a group as a compulsory
activity to be performed and completed tasks irdligily in groups.

Although the researcher did not encounter an exparial study investigating the effect of structgrin
all of the basics of cooperative learning on stislamderstanding and their motivation, the follogi
research studies can be reported as sample to sbosistency between the results found in the
present study and the results drawn upon studiesngiified. Ashman and Gillies (1997), for
instance, investigated cooperative behaviors, sgnallp interactions, and achievement of elementary
school-age children who were either trained or aingd in cooperative learning skills. The
researchers found that students in the trainedpgr@chieved significantly better on the learning
outcomes questionnaire, as compared to those inrttneined groups. Apart from better achievement
outcomes, results of the study revealed that behsaf students in the trained groups were more
cooperative and helpful, and the language they uws@ more inclusive. The study concluded that
cooperative behaviors of students maintained dwes &nd students become more responsive to each
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others’ learning needs as time passes when they thawed in cooperative learning skills. In their
study, Yager et al. (1986, as cited in Johnson &ndon, 2008) examined the effect of group
processing on three measures of achievement nanuyy achievement, post-instructional
achievement, and retention by assigning studergsatiaps with group processing, groups without any
group processing, and individualistic conditioneTiesults of the study revealed that students ih bo
of the two cooperative groups outperform student® wvorked alone. Of cooperative groups,
furthermore, students within group processing ciowliperformed better on three of the achievement
measures as compared to students in without grigegsing condition.

In addition to the treatments of cooperative leagnbased on conceptual change, students in two
classes of the participating school were exposetltavhich can be summarized as an instruction
favoring environments based on rote learning wittegdeacher explains scientific knowledge through
lecturing and asking factual questions mostly teesssful students without taking possible alteveati
conceptions about the concepts of mixtures int@maeccwhen individual students silently listen and
take notes. Students in the CG neither worked entéaching activities within groups nor took
individual quizzes at school, but the activitiesdaquizzes were assigned as homeworks to be
completed at home. Post-MCT mean scores of studiesttsicted by CLCC and Tl were statistically
significant, favoring students in the SCLG. Findi@§CC treatment superior than Tl treatment in
terms of students’ conceptual understanding waactord with the findings of previous research
studies. For example, Bilgin and Geban (2006) erathithe effect of cooperative learning on"10
grade students’ conceptual understanding and amment in the concepts of chemical equilibrium.
Students in the experimental group were instrudtgdcooperative learning accompanied with
conceptual change conditions, and students in tera group were exposed to traditional
instruction. Compared to those taught by traditidnatruction, students instructed by cooperative
learning accompanied with conceptual change canditivere found to had better understanding and
higher achievement in the concepts of chemical libgiuim. In their study, Tgtan-Kirik and Boz
(2012) analyzed the effectiveness of cooperatiaeniag on 11 grade students’ understanding of
chemical kinetics and their motivation. While stotkein the experimental group instructed by
cooperative learning based on conceptual changrighr STAD method of cooperative learning,
students in the control group were exposed toticawdilly designed chemistry instruction. The result
of the study indicated that experimental group aiisl understood the concepts of chemical kinetics
better and possessed greater motivation to stuéynisry than control group students, when
students’ science process skill scores were ag$igaeovariate. According to results drawn upon the
present study, eventhough non-significant, post-M@&an score of students exposed to Tl was
higher than post-MCT mean score of students intsgduby CLCC(-). Actually, it was interesting to
find lower post-MCT mean score in the UCLG thant #faCG as numerous research studies reported
benefits of cooperative learning over traditionallgsigned instruction. The reason of lower mean
score might be explained by taking various intragraonflicts into consideration. According to
Behfar et al. (2010), members of a group may erpeg logistical conflict when they do not know
how to manage and use resources, which diminighdersts’ performance on task. Logistical conflict
might have occured in groups of UCLG since thereewmt any efforts to structure types of positive
interdependence (especially, resource and taskdepgendence) and students were not trained on
management skills before studying in groups. Initamdto logistical conflict, groups in the UCLG
might be faced with affective conflicts (i.e. cdhtition and relationship conflict) that might
negatively affect psychosocial aspects of teamwBdeformance of groups in the UCLG might be
lowered as a result of lessened motivational bgliehich were proposed by Pintrich et al. (1993) as
the mediators of conceptual change. More spedyicalembers might feel lessened enthusiasm for
and commitment to the group goal as a result of bemwho were not contributing to the group’s
task, members who dominate other members’ thougidsdisagreements, or members who act as
detrimental to group cohesion.

Although lower than students exposed to CLCC(-) @&hdstudents possessed alternative conceptions
about the concepts of mixtures even after CLCQrneat, which can be interpreted as an evidence of
persistent nature of alternative conceptions a@meld by the relevant literature (Osborne & Cosgrove
1983). Analyses of post-MCT and students’ respomédaterview questions categorized under the
PUAC and AC levels of all of the six themes of tencepts of mixtures (i.e. nature of mixtures,
dissolution process, properties of solutions, typéssolutions, factors affecting solubility, and
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separation of mixtures) revealed that a few stuglenthe SCLG and many students in the UCLG and
CG were not aware of the difference between dissoluand melting, physical and chemical change,
saturated and super saturated solutions, satuaatbdoncentrated solutions, and super saturated and
concentrated solutions. The most common sourcdtefnative conceptions about the concepts of
mixtures was found as alternative conceptionsedl&h previous contents of mixtures and chemistry,
which can be interpreted as students’ prior knogéedhay impede their future learning when they
were scientifically incorrect (Hewson & Hewson, B38The following statements were sample
alternative conceptions hold by students about praperties of solutions, both of which were
anticipated as a result of low understanding ofrtature of matter and nature of mixtures: “boiling
point of the sugar-water solution is higher thailibg point of pure water because water boils first
and then sugar boils” and “mass of the sugar-wsdértion is lower than total masses of sugar and
water since sugar disappeared when dissolutiorstpleee”. Other alternative conceptions about the
concepts of mixtures identified frequently whilendacting interviews which were in harmony with
the findings of previous research studies (Prid¢t@le 1989; Abraham et al., 1994; Ebenezer &
Erickson, 1996; Blanco & Prieto, 1997; Valanide€0@Qa; 2000b; Sanger, 2000; Pinarb&
Canpolat, 2003; Calik, 2003; 2005; Uzuntiryaki &bdaa, 2005; Stains & Talanquer, 2007 ;sttioet

al., 2007) are presented as follows:

» Homogeneous mixtures are pure substances.

*  Mixtures and compounds are the same.

» Sugar dissolved in water is a new substance.

» Sugar disappears when mixed with water sinceab&sorbed by water.

e Sugar melts and turns into liquid sugar when rhiged with water.

e Sugar precipitates at the bottom when it is mixetth water since sugar is denser than
water.

» Boliling points of the sugar-water solution and wate the same.

» Mass of the sugar-water solution equals to massavér since dissolved sugar has no
mass.

* Undissolved sugar is a component of the sugar-veateion.

*  Super saturated solutions involve undissolved satithe bottom.

» Undissolved sugar is an evidence for classifyingjastwater as a heterogeneous
mixture.

» Sugar precipitated at the bottom dissolves if opbatinues to stir the sugar-water
solution.

e Solubility of sugar increases as temperature irsg®decause solids can dissolve in
liquids when the liquid is hot.

e The amount of dissolved sugar increases when tloeiainof water is decreased because
there are same amount of sugar in lower amounatdny

» Filtration is a method to separate solids fromitiggolutions.

* Sugar and water can be separated from each othilirbtion in which sugar stays on
the filter paper and water goes on to the beaker.

Since researchers have generally omitted the ctscelated to the separation of mixtures, alteveati
conceptions about that concept are rare in théeklgerature (e.g. Valanides, 2000b; Tilysliz, 2009
As a result of scarce alternative conceptions abfmitseparation of mixtures, the researcher tioed t
analyze students’ responses to the related questiprofoundly. The following alternative
conceptions were found in the present study whiledacting interviews with individual students,
which were related to the concepts of mixtureseeistly to the separation of mixtures:

*  Mixtures containing water are homogeneous mixtures.

» Particles are mixed randomly in heterogeneous mastu

» Unsaturated solutions contain undissolved solutheabottom.

»  Solutions containing undissolved solute are diluted

* The solution that is more concentrated than a atgdrsolution is a super saturated
solution.

e Separating funnel is a general means to sepagatiediquid mixtures.
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e Sugar stays in separating funnel but water floasessugar is denser than water.
« Distillation is a general method to separate ligligdid mixtures.
e Sugar stays in the distillation column since it hagher boiling point than water.

In addition to their understanding the conceptmodtures, investigating the effect of CLCC, CLCC(-
), and Tl on grade nine students’ motivational dfslivas within the scope of this study. Pintriclalet
(1993) supposed motivational beliefs as mediatdriearning process and critized the conceptual
change model proposed by Posner et al. (1982) kingasvhat about students who have necessary
prior knowledge but do not activate that knowledge learning tasks. Although this is not a
correlational study examining correlations betweggtivational constructs and cognitive strategy use,
students having higher scores in adaptive motimatideliefs (e.g. Self-Efficacy for Learning and
Performance, Task Value, Control of Learning Bsliefind Mastery Approach Goals) were expected
to understand the concepts of mixtures bettehaselevant literature pointed out that conditifors
conceptual change are promoted when deep processiatpgies are mediated with adaptive
motivational beliefs (Pintrich & De Groot, 1990ri8e & Posner, 1992; Pintrich et al., 1993; Kaplan
& Midgley, 1997; Zusho, Pintrich, & Coppola, 2008ungur &Senler, 2009). The linkage between
motivational constructs and conceptual change goesupposed to be promoted by the moderating
effects of learning contexts. Pintrich et al. (1p8R&imed that students adopt mastery goals and hav
higher levels of self-efficacy when learning cortsegromote vigorous interaction between students
and the teacher and students take responsibilittyedf own learning, and when evaluation procedures
promote cooperative goal structure rather than atitive and individualistic goal structures. Based
on the claims of Pintrich et al. (1993), the tremtms of cooperative learning based on conceptual
change approach (i.e. CLCC and CLCC(-)) can bemasduo cause adaptive motivational beliefs and
better understanding. The following paragraphs ntepo how motivational constructs are shaped by
cooperative learning and traditional instructiortings by discussing on results drawn upon post-
SELP, post-TV, post-CLB, post-TA, post-MAP, post-MApost-PAP, and post-PAV, respectively.

Pajares and Miller (1994) stated that students tig self-efficacy beliefs have a sense of seyenit
in contrast to students with low self-efficacy k& who have a sense of worry and anxiety while
approaching a task. In the present study, the teesfilpost-SELP scores revealed that students had
higher self-efficacy for learning and performanclew basics of cooperative learning are well-
structured. Although mean post-SELP scores werbehighan mean pre-SELP scores in all of the
three treatment groups (SCL&a score= 4.35, UCLGain score= 2.10, CGain score= 1.70), the sole
significant mean diference was detected betweenG@hd CG. In other words, students who were
instructed by CLCC had higher expectancies for sss@nd were more confident in their own skills
to learn concepts of chemistry, as compared tcestisdaught by TI. As theorized by Bandura (1977),
mastery experiences, vicarious experiences, venbabcial persuasions, and physiological states or
emotional arousal are the four sources of seltaffy beliefs. Finding mean post-SELP scores of
students instructed by CLCC and CLCC(-) as highemtmean post-SELP scores of students
instructed by T1 (SCLGean= 42.00, UCLGean= 39.25, CGean= 36.79) is actually an expected result
since students in both of the SCLG and UCLG wengosg&d to cooperative learning applications
where they gained vicarious experiences througlerebyy success of similar others (Schunk, 2000),
and took appraisal of others by being within a grai similar others (Usher & Pajares, 2006).
Finding mean post-SELP scores of students instlubie CLCC as higher than mean post-SELP
scores of students instructed by CLCC(-), on tleeiohand, can be attributed to structuring basdics o
cooperative learning in the CLCC. Since there isamy study investigating particularly the effe€t o
structuring cooperative learning on students’ sffitacy beliefs, this study contributed to theatet
literature by finding that students feel greatarsgeof serenity and confidence in their own skdlslo

a work when basics of cooperative learning are-stelictured. Training students on teamwork skills
and structuring positive goal interdependence dr¢ha center of cooperative learning efforts,
therefore the main reasons of higher levels ofeffiacy of students instructed by CLCC than those
of students taught by CLCC(-) might be attributedhe specified basics. In addition, students might
feel themselves important as a result of assige@mch member a complementary role, they might
perceive being a group as novel since they cortgtbaach other’s academic and personal well-being,
and they might feel improvement in their higherarthinking skills as a result of reflecting on gpo
processing.
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Students engage in academic tasks more readily tiegnview that task as the one which addresses
their self-worth, interesting to do, useful for @shing immediate or long-term goals, or worth tp tr
(Pintrich et al., 1993; Eccles & Wigfield, 2002)n ahe basis of norms of society and core
psychological needs of individuals (Feather, 19&8,cited in Eccles & Wigfield, 2002). In brief,
students perceive tasks as valuable when tasksnaatant, interesting, useful, or cost-effective f
them, that results in higher cognitive engagemerntiin (Pintrich & De Groot, 1990; Pintrich et al.,
1991). The results of the present study indicated $tudents in the SCLG had higher task value than
students in the UCLG and CG, and students in the@®@®@ad higher task value than students in the
CG. More specifically, students instructed by CL@8wed the concepts of chemistry as more useful,
important, and valuable than students exposed t€@QEH and TIl. Moreover, students taught by
CLCC(-) viewed the concepts of chemistry as morefuls important, and valuable than students
exposed to TI. According to the results of thisdgtuit was apparent that studying in a group order
and interacting with groupmates result viewing thsk more valuable. The statistically significant
mean difference between SCLG and UCLG in the faf@CLG might be explained by positive goal,
identity and environmental interdependence. Spdlfi, students instructed by CLCC might view
chemistry concepts more valuable since they prortiters’ learning to achieve group’s goal, since
they feel greater group cohesion when they give theup a name, and since they had a chance to
interact with their teammates face-to-face.

Students show greatest effort to learn academics tesnceptually, that is, they become intentional
learners, when they feel a sense of internal cbatrer their own learning and when they perceiwe th
outcome of their performance as a result of thein cefforts instead of some external factors
(Bereiter, 1990; Pintrich et al., 1993; Duncan &H#éachie, 2005). Accordingly, students instructed
by CLCC and CLCC(-) can be expected to have higiostrol of learning beliefs as compared to
students exposed to TI, since cooperative learisngne of the student-centered strategies giving
responsibility to students on their own learningweéver, the results of the current study revedied t
students exposed to CLCC felt greater control otreir own learning and showed greater
commitment to learn the concepts of chemistry, @spared to students instructed by CLCC(-) and
TI. Finding statistically significant mean differeas between students in the SCLG and CG in terms
of their post-CLB scores favoring students in tHeL& was an expected result according to the
relevant literature (Bereiter, 1990; Pintrich et, d41993; Duncan & McKeachie, 2005). Finding a
statistically significant mean difference betweéwdents in the SCLG and UCLG in terms of their
post-CLB scores in the favor of students in the SCan the other hand, can be explained as a result
of structuring positive interdependence, promointeraction, group processing, and training stuslent
in the SCLG on small group skills. The primary masf finding higher post-CLB mean score in the
SCLG than those of in the UCLG might be explaingdpbsitive reward interdependence and team
recognition. By the means of individual improvemsobre of STAD method of cooperative learning,
each individual competed solely with their own petres and not only high-performing students but
also low- and medium-performing students had aralegiance of contributing to team score when
they have studied hard enough. In brief, gettingnmon grades based on each individual's
improvement score might make students in the SCaGeel a sense of control over their own
learning.

As noted above, students with low self-efficacyidfsl tend to have a sense of worry and anxiety
while approaching a task (Pajares & Miller, 199#jce emotionality component of test anxiety is
closely related to students’ physiological statédctv is one of the major sources of self-efficasy a
suggested by Bandura (1977), therefore student®iSCLG can be anticipated as to have low levels
of anxiety while taking chemistry exams. As liten& points out, the results of the present study
indicated that students in the SCLG had lower destety as compared to students in the UCLG and
CG. In other words, students instructed by CLC@@®Jl Tl possessed more negative thoughts while
they were taking chemistry tests, as comparedudestts exposed to CLCC. In contrast to studies
finding test anxiety as an obstacle to performaaweé self-efficacy, Sungur (2004) concluded that
although non-significant, students who were ingeddy problem based learning had higher level of
test anxiety, as compared to students taught wattittonally designed biology instruction. Simikar
Sungur (2004), Tgian (2009) concluded that students in the cooperdéiarning group had higher
levels of test anxiety than that of control grotydents who were instructed by traditional instiarct
though it was not statistically significant. Finallit is worth to mention that the greatest mean
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difference between post-TA and pre-TA scores beddnp students in the UCLG (SCL& score= -
5.83, UCLGuin score= 6.61, CGain score= 5.40), which can be interpreted as cooperatagning
contexts might cause students to feel greater wamdyanxiety while taking chemistry exams if basics
are not well-structured. Specifically, positiveaérdependence and promotive interaction might be
thought as the reason of having higher levels sf tmxiety since both of the two basics of
cooperative learning regulate psychological adjestim (Johnson & Johnson, 1999). When
cooperative learning settings do not make studemtsontribute to each other’s learning, being
exposed to numerous chemistry tests might cause tihéeel greater worry and anxiety.

Up to here, the effect of structuring cooperatiearhing based on conceptual change approach on
grade nine students’ understanding the conceptsixdfires and their motivational beliefs (i.e. SELP,
TV, CLB, and TA) were discussed. The effect of stuing cooperative learning based on conceptual
change approach on grade nine students’ reasdmsirgf involved in various achievement behaviors
was also investigated under their motivation byngsall of the four sub-scales of AGQ, mastery
approach goals (MAP), mastery avoidance goals (MAérformance approach goals (PAP), and
performance avoidance goals (PAV). Specificallydsnhts adopting mastery goals (i.e. MAP and
MAV) perceive their competence as intra-personain@ast performance) or absolute standards (the
necessities of the task itself), as opposed toesitsdorienting performance goals (i.e. PAP and PAV)
who define their competence as normative stand@&itist & McGregor, 2001) (see Table 2.3). The
distinction between approach and avoidance dimassiéurthermore, was done on the basis of
whether competence is valenced positively or negiti(Elliot & McGregor, 2001). In particular,
positively valenced competence was anticipatechtmerage emergence of approach dimensions (i.e.
MAP and PAP), while negatively valenced competemeamotes avoidance aspects (i.e. MAV and
PAV). Regarding intercorrelations among these agment goals, Elliot and McGregor (2001)
claimed that goals having common dimensions assoeiith each other. For example, MAP are
hypothesized to be correlated with MAV and PAPgsithey share same standards of competence
with MAV and same valence of competence with PAdaIr andSenler (2009), on the other hand,
suggested that all of the four achievement goassamnificantly associated with each other. Researc
studies consistently point out adaptive achieverbehaviors (e.g. deep processing strategies refjuire
for conceptual change to take place, high leveletifefficacy) as a result of adopting MAP, wherea
maladaptive achievement behaviors (e.g. sense afywand emotionality, surface processing
strategies and disorganized study strategies)rasudt of orienting PAV (Ames, 1992; Pintrich et, al
1993; Kaplan & Midgley, 1997; Elliot & McGregor, Q@; Sungur, 2007). Pintrich (2000) proposed
that students may have multiple motivational bsli@fid decide on which orientation to activate with
regard to the information available to them in émwironment. For example, a student may activate a
mastery goal orientation when they have a chanagdoact with peers and the teacher while learning
a challenging task, whereas the same student niasateca performance goal orientation when they
have to compete with each other to get an exteewedrd (e.g. to be accepted as successful). I, brie
cooperative learning contexts (i.e. CLCC and CLQ)Gf{ere expected to favor adoption of mastery
goals which are found as to promote necessary tongifor conceptual change to take place
(Pintrich et al., 1993; Kaplan & Midgley, 1997). bontrast, traditional learning contexts were
anticipated to favor adoption of performance goalich are found as to promote maladaptive
achievement behaviors. As pointed out by the réltterature, the results of this study revealeat th
students instructed by cooperative learning treats@.e. CLCC and CLCC(-)) oriented MAP more
than students instructed by TI. As predicted, femthore, students instructed by Tl adopted PAV
more than students instructed by cooperative legrtreatments. More specifically, students focused
on meaningful understanding of the chemistry cotecapder examination for their self-improvement
when they were exposed to variations of cooperdéaening, whereas students tried not to be the
owner of worst grade when they were exposed tatimadl instruction. Meanwhile, the results drawn
upon post-MAP and post-PAV confirm the theory rmethtto correlation of these goals with
achievement gains. Particularly, students instoibig cooperative learning treatments adopted MAP
which might cause them to understand the concefpmixiures better than students instructed by
traditional instruction who oriented PAV which migtause lower understanding of the concepts of
mixtures. Although the noted differences were ie thame line with what literature reports,
statistically significant mean differences betwe€hCC and CLCC(-) in terms of students’
achievement goal orientations are hoped to advireeelated literature by introducing the effect of
structuring basics of cooperative learning. It viasnd that students instructed by CLCC focused
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more on meaningful learning to understand the qaiscef chemistry deeply, as compared to students
exposed to CLCC(-). Moreover, students taught bCC(:) focused more on trying not to perform
worse in chemistry than others, as compared toestsdinstructed by CLCC. Post-MAP and post-
PAV mean differences between students instructe@lyC and CLCC(-) can be expressed in terms
of basics of cooperative learning since the unidifeerence between two treatments was well-
structuring positive interdependence, individuatamtability, promotive interaction, small group
skills, and group processing in the CLCC, but soliehited individual accountability in the CLCC(-).
Moreover, students instructed by Tl were founddous on avoiding any misunderstanding with a
perfectionist manner, as compared to studentsuictstl by CLCC and CLCC(-). When the results of
post-MCT, interviews, and post-MAV were compared $tudents in the CG, it can be stated that
students’ alternative conceptions about the coscepiixtures do not decrease as they avoid making
mistakes. Accordingly, traditional learning envineents cause students to be afraid of giving
incorrect response during lessons which might tesulower understanding and higher alternative
conceptions. Students exposed to CLCC(-), on therdiand, focused more on trying to be the best
performer in chemistry lessons in comparison t@thas compared to students taught by CLCC and
TI. Actually, the reason of lower understandingtod concepts of mixture by students in the UCLG
can be explained through their post-PAP scoresdimey spended part of their energy to follow the
performance of others instead of focusing solelythair self-improvement, as suggested by Pintrich
and Schunk (2002).

To conclude, results drawn upon motivational cartdf revealed that structuring basic elements of
cooperative learning is crucial not only for aclEment gains but also for motivational yields. G®up
exposed to CLCC treatment achieved to form a waimmate where individuals feel less anxiety but a
sense of autonomy to contribute to the group’s ggahteracting frequently with each other on task-
related concerns, caring and liking each otherhenpersonal level, and supporting each other on the
academic level, as cohesive groups proposed byy@d(h997). Whereas all of the three treatment
groups showed improvement in their post-MCT scoasscompared to their pre-MCT scores
(SCLGyain score= 10.59, UCLGain score= 3.16, CGuain score= 4.82), SCLG gained the maximum score.
Therefore, it is apparent that putting studentsaigroup order is not adequate to make them to
understand the concepts in chemistry better amdlopt more adaptive motivational beliefs, basics of
cooperative learning should be well-structured dlgfo training students on social skills, forming
heterogeneous groups, making students responsibtetheir own and each other’s learning, giving
chance to students to interact with each otherampte each other’s learning, structuring numerous
types of positive interdependence to make studenfisel being a group is worth to try, encouraging
students to challenge each other’'s conclusions iiyngg and receiving help and resolve conflicts
constructively, motivating students to listen toclkeaother and draw decisions as a group
democratically, advocating time to students to geuwivhat they have experienced while they were
working in groups, enabling groups to celebratentjafforts, and providing an atmosphere where
members trust each other both personally and adadiyn CLCC treatment was found to be an
exceptional way of higher conceptual understandimgd) motivation since cooperation among students
was established by structuring basics of cooperdé@arning firmly, which caused the whole to be
more than sum of its parts.

5.2. Implications
The implications drawn from the results of thisdstare presented below.

 The most common source of alternative conceptibositathe concepts of mixtures was
found as alternative conceptions related to prevmantents of mixtures (e.g. the nature
of mixtures) and chemistry (e.g. the nature of era)t which can be interpreted as
students’ prior knowledge may impede their futurearhing when they were
scientifically incorrect, as suggested by Hewsoah ldewson (1983). Therefore, teachers
should identify students’ pre-knowledge and tryoteercome alternative conceptions
about previous contents if students have, befagegmting discourse of future concepts.

» As noted above, students may have scientificalbpiirect pre-knowledge when they
entered in classes (Hewson & Hewson, 1983). Ta2@01() further stated that students
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may have alternative conceptions not only at thgirtméng of a topic but also after the
instruction is completed, which can be interprededt is not an easy task to overcome
alternative conceptions. The results of the curstidly confirmed the theory that there
was significant mean difference between studerggruoted by CLCC and students
instructed by CLCC(-) in terms of their post-MCToses, favoring students instructed
by CLCC. Therefore, teachers should realize thapaming teaching activities on the
basis of common alternative conceptions or putifglents in a group order may not
guarante that students overcome most of the atteeneonceptions they hold before the
lesson is started. To decrease the amount of atteenconceptions, teachers should
promote conceptual change with cooperative learrygwell-structuring positive
interdependence firmly, which increases the lilagith of intellectual disagreements that
is the first and the fundamental condition for agptcial change to happen (Johnson &
Johnson, 1999).

Although both of the CLCC and CLCC(-) treatmentsigeed according to cooperative
learning based on conceptual change conditionslesta instructed by CLCC(-) had

significantly lower mean scores on the post-MCT kad higher alternative conceptions
about the concepts of mixtures as identified whibeducting interviews. Even more,

whereas not significant, mean post-MCT scores wfesits instructed by CLCC(-) were
lower than those of students instructed by TI. \With well-structuring basics of

cooperative learning, therefore, cooperative lesynbased on conceptual change
practices could not result in higher mastery andelo alternative conceptions than
traditional instruction, even could cause lower enstanding. Based on the specified
results, prospective science teachers should bleedetated on basics of cooperative
learning, methods of cooperative learning, condgi@f conceptual change, and the
roles teachers have while implementing a lessoardaw to cooperative learning based
on conceptual change approach.

Results of this study revealed that students exptse€CLCC had better understanding
of the concepts of mixtures, perceived contenttedl to chemistry more valuable, felt
greater control over their own learning, and addptestery approach goals more than
students instructed by CLCC(-) and TI. Whereas gieesi according to cooperative
learning based on conceptual change conditions, GEHCdid not result in better
understanding or greater adaptive motivationaleliglias compared to students taught
by CLCC. Accordingly, making individuals accountaldbr their own learning is not
adequate for better understanding or greater aaaptiotivational beliefs, positive
interdependence, promative interaction, small grskipls, and group processing should
also be well-structured besides individual accduifitp. More specifically, students
should be trained on teamwork skills by the teadsefore performing a cooperative
learning practice since taskwork cannot be achieweltss students know how to
manage cognitive conflicts and listen to each othworeover, teachers should make
members to share resources and information witlh egloer by establishing positive
resource interdependence, perceive being a growmih to try by structuring positive
identity interdependence, perceive each member'stribotion as necessary for
achieving joint goals by structuring positive ratéerdependence, promote each others’
learning by giving and receiving help by establighpositive goal interdependence, and
reflect on how successful they were within theimns by allocating time for group
processing.

Teachers, who are inexperienced about cooperatimihg applications, may fail to
benefit from strength of cooperative learning uslésey know the difference between
studying in a group and studying as a group, apqs®d by Chiriac and Granstrom
(2012). Therefore, teachers should be informed batwooperative learning is and is
not through in-service training programs financgdhe Ministry of National Education.

Results drawn upon the present study revealedstoaents instructed by CLCC had
better understanding of the concepts of mixtures aaaptive motivational beliefs, as
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compared to students exposed to CLCC(-) and TILr&Spondingly, curriculum
developers should take the power of truly committedperative learning based on
conceptual change into account through suggestindespread applications of
cooperative learning in science classes by intrimgdudow to structure basics of
cooperative learning, designing sample sciencetessonducted by various methods of
cooperative learning, and preparing teaching d#/iincluding common alternative
conceptions on various science concepts to be atetptiuring team studies.

5.3. Recommendations

The following recommendations are presented fourtutstudies on cooperative learning and
conceptual change.

e The results of this study can be generalized tdagmine students enrolling Anatolian
high schools in Isparta. Therefore, this study &hbe replicated with students attending
different grade levels, students attending differggpes of schools, and schools in
different cities.

* Researchers can investigate the effect of strugjudooperative learning based on
conceptual change approach on students’ understtial concepts of chemistry, other
than mixtures.

e This study should be replicated with larger sansite and in different science domains.

e Cooperative base groups can be formed to investighe effect of structuring
cooperative learning based on conceptual chang®agipwithin a longer time period.

e The effect of structuring cooperative learning loaea conceptual change approach on
retention of concepts of mixtures can be examined.

e Students’ ideas about cooperative learning baserbooeptual change approach can be
analyzed.

e Teachers’ reflections on cooperative learning aagilbns can be examined.
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KEYWORD LIST

Science Education
Chemistry Education
Constructivism

Alternative Conceptions
Conceptual Change
Cooperative Learning
Motivation

Heterogeneous Mixtures
Homogeneous Mixtures
Solute

Solvent

Dissolution

Factors Affecting Solubility
Colligative Properties of Solutions
Filtration

Separating Funnel
Crystallization

Distillation

Fractional Distillation
Paramagnetic Separation

157



158

S\

©Co~NoO,

11.
12.
13.

14.
15.
16.

"@.00.\'.@9".#90!\’!‘

0

APPENDIX B

INSTRUCTIONAL OBJECTIVES

Cognitive Domain

Heterojen ve homojen karmlari ayirt eder.

Cozlcu, ¢cozelti, cozunurlik kavramlaringkilendirerek aciklar.

Cozliinme ve erime arasindaki farki kavrar.

Doymams, doymu, asiri doymu cozeltiler ile seyreltik ve deiik ¢cozeltiler arasindaki
farki kavrar.

Cozlnarlik ile cozinme hizi arasindaki farki kavrar

Sicaklgin ve basincin ¢ozinugé etkisini érneklerle agiklar.

Coziliclu ve ¢6ziinen madde miktarlarindalgigienin cozinurligl etkilemedgini kavrar.
Karistirma ve temas yuzeyinin ¢ézinarlik hizini etkigéi fark eder.

Farkli maddelerin ¢ozunurluklerini kalastirarak ¢ozundrlgin maddenin  kimlik
Ozelliklerinden oldgunu fark eder.

. Karigimlarin bilgimleri degistikce bazi fiziksel 6zelliklerinin d#stigini deneyerek fark

eder.

Karigimlarin fiziksel 6zellikleriyle ilgili ginlik hay#an drnekler verir.

Tanecik boyutu farkindan yararlanilarak ggilen ayirma yéontemlerini aciklar.
Maddelerin birbirinden ayrilmasinda &enluk farkindan yararlanan yontemleri
kesfeder.

Cozundrluk farklarinin maddeleri ayirmada kullabilidi gini fark eder.

Kaynama noktasi farkindan yararlanarak «ariarin ayrilmasina drnekler verir.

Verilen kargimlar icin uygun ayirma yontemleri énerir.

Affective Domain

Kendisinin ve takim arkagkrinin Gsrenmesinde sorumluluk dstlenir.

Kendisinin ve dierlerinin digincelerinin farkl olabilecgéni kabul eder.

Yardim etmeyi ve gerelginde yardim istemeyi bilir.

Bilgi ve materyalleri paylsar.

Farkli gorige sahip bireylerle yapici tagtnalar yirtiterek ortak bir karara gitaay! bilir.
Karsisindaki bireyleri saygi ve kgoriyle dinler.

Elestirilere aciktir.

Herkesin farkli gorevleri oldtunu bilir ve liderlgi paylasir.

Ortak bir amaca ukanak icin Uzerine d§en gorevi yerine getirir.

Takim arkadglarini ortak amag dgultusunda cesaretlendirir.
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APPENDIX C

DEMOGRAPHIC INFORMATION QUESTIONNAIRE

Sevgili Gsrenciler,
Uygulamakta oldgumuz argtirma kapsaminda size ait bazi 6zelliklerin yen@aldsagidaki sorulara
cevap vermeniz gerekmektedir. Katkilariniz igigetekir ederiz.

Cinsiyetiniz:

Dogum tarihiniz:

I. dénem kimya dersi karne notunuz:

01 a2 O3 04 o5

Annenizin gitim dizeyi:

O ilkokul O Ortaokul O Lise O Universite 0O Lisansustu

Babanizin gitim dizeyi:

O ilkokul O Ortaokul O Lise O Universite O Lisansisti
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APPENDIX D

MIXTURES CONCEPT TEST

KARI SIMLAR KAVRAM TEST i
Sevgili Gsrenciler,

Bu calgsma, sizlerin kagimlar konusu ile ilgili sahip oldiunuz kavramlari tespit etmek amaciyla
hazirlanmgtir. Sorulari bos birakmamaniz ve tek bir segcengi daire icine almaniz gerekmektedir.
iki bolimden olusan sorularda cevabinizin dgru sayilabilmesi icin her iki kisminda dasru
olmasi beklenmektedir. Bu sorulara vere@mniz yanitlar, argtirma amaciyla kullanilacak ve gizli
tutulacaktir. Gorgleriniz bizler icin cok dnemlidir. Yardimlariniziigtesekkir ederiz.

Hatice BELGE CAN

Ogrenci Numaraniz:

1) Yandaki ¢izimin temsil etfii maddenin fiziksel bilgimi
(1) Saf maddedir
(2) Heterojen kagimdir*

(3)Homojen kagimdir BN+ ¢+ BN

HEHeO+O BN
Cunki EE+Q+0 BN
a.Karisimlarin tamami heterojen gérinamladar
b.Karisimlar saf maddedir
c.Farkh cins molekuller geliguzel dgllmamstir*
d.Tim kargimlar homojendir

2) Yandaki ¢izimin temsil etfii karisimin kimyasal bilgimi
(1) Atomdur * o] |
(2) Molekuldur 8] | *
(3) Hem atom hem de molekuldir* * o
mo

Ciinki 8] | *

a.Karisimlar en az iki ¢gt maddeden okur*

b.Homojen kagimlar atomlardan okur

c.Karisimlar yapilarinda her zaman molekul bulundurur
d.Karisimlar yapilarinda her zaman iki cins atom bulunduru

3)Amalgam, civanin dgier metaller ile yap@ bir algsimdir ve kullanilan metale gére adlandirilir.
Endustri, salik, kimya gibi bircok sektérde kullanilan amalgamlarasinda gingiamalgami en
yaygin olanidir ve dihekimliginde dolgu maddesi olarak kullanilir. Bu bilgilegére, amalgamlar
ile ilgili olarak asagidaki ifadelerden hangisi g¢oudur?

a.Amalgami olgturan maddeler 6zelliklerini kaybederler
b.Sivi halde olmadiklari igin ¢cozelti gidirler

c. Fiziksel ayirma yontemleri ile bienlerine ayrilamazlar
d.Saf madde d#@ldirler*
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4) Suyun icerisine sofra tuzu (NaCl) atiimasiylasalutuzlu su ¢ozeltisi ile ilgili gagidaki
ifadelerden hangisi doudur?

a. Cozunmeglemi sirasinda okan tuzlu su yeni bir maddedir

b. Ayni basingta, tuzlu su ¢ozeltisinin kaynama naktzd suyun kaynama noktasindan daha
yuksektir*

c. Tuzlu su olgumu kimyasal bir d&sikliktir

d. Cozunmeglemi sirasinda tuz erir

5) Cozunmeglemi ile ilgili asagidaki ifadelerden hangisi goudur?
a. Kati bir maddenin sivinin icerisinde kaybolmasidir
b. Co6zlnenin ¢ozuci tarafindan emilmesidir
c. Cozunmeglemi sonucu yeni bir madde glasidir
d. Cozlunen ve ¢Ozuci parcaciklarinirgyno etkilgimi sonucu ¢ozelti olgturmasidir*

6) 25 °C sicaklikta, icerisinde 100 gram su bulunan bindoe 18 gramseker eklenir. Bir sire
beklendikten sonra kabin tabaninda bir mikkerin ¢oktigl gdzlemlenir. Bahsedilegeker-su
karsimiyla ilgili asagida verilen bilgilerden hangisi doudur?

Derisik bir ¢ozeltidir

25°C sicakliktagekerin ¢ozunrlgi 0.18'den kiguktir*

25°C sicaklikta, kagimin kitlesi 118 gramdir

Cozunmeden kalan bir miktaeker oldgu icin airi doymu bir ¢ozeltidir

coop

7) Oda sicaklizinda bulunan yandaki kabin icerisingkkerli su
¢Ozeltisi bulunmaktadir. Kabin dibinde ¢éziinmedalak

seker

i

(1) Cozeltinin bilgenidir (2) Cozeltinin bilgeni degildir*

Ciinki Selcer

Asirt doymu cozeltilerin dibinde ¢okelek ogur
Cozelti kargtinimadginda ¢6ziinme olmaz
Su ¢dzebilecs en fazla maddeyi ¢ozngtiir*
Su sicak olmag icin seker ¢oziinmez

oo o
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8) Sekil 1, 1 L sekerli su c¢ozeltisini temsil etmektedir. Daire imlinmg buyltilm alandaki
noktalar seker molekdllerini gdstermektedirSekli basitlatirmek icin, su molekdlleri
gosterilmemtir.

Sekil 1'deki sekerli su ¢ozeltisine 1 L su eklenirsgekil 2), Sekil 1'de gosterilen buyutilngialani_en
iyi ifade edercizim gagidakilerden hangisi gibi olur?

a. b.* C. d.

9) Cozeltilerin kaynama ve donma noktalari ile ilgiagidaki ifadelerden hangisi goudur?

a.
b.

c.
d.

Tuzlu su c¢Ozeltisinin kaynama ve donma sigaklsaf suyun kaynama ve donma

sicaklgindan yiksektir

Cozen ve ¢6zinen maddeler farkli zamanlarda kagnacin cozeltiler ile saf sivilarin
kaynama sicakliklar farkhdir

Tuzlu su ¢ozeltisine bir miktar daha tuz eklemeyri@ma noktasini yukseltir*

Cozeltiler ve saf sivilarin kaynama ve donma sikkdd aynidir

10)Alkol-su kargimi ile ilgili asagidaki ifadelerden hangisi goudur? (d; 1 g/cni, duor: 0,79 gl

a.

oo

Hidrojen ¢6zen madde, oksijen de ¢6zinen maddédikit suyun yapisinda ¢B) hidrojen
miktari daha fazladir

Alkol-su ¢ozeltisinde alkol temel bijen, su ise pasif bijendir

Alkol ve su birbiri ile kargtirildiginda alkol kaybolur

Alkol-su ¢ozeltisinin 6zkutlesi alkoliin 6zkutlesiwl yuksektir*

11)icerisinde bir miktar su bulunan kabaske bir kapta bulunan bir miktar alkol ilave ediliyo
Alkoliin tamami suyun icerisinde ¢éziuniya@r kabin gz1 saat camiyla kapatiliyor. Kapta bulunan

alkol-su ¢dzeltisinin kitlesi eklenen su ve alkotplam kitlesindemzdir.

(1) D@ru (2) Yanlg*

Cunku

a. Alkolun kitlesi artar
b. Co6zliinme sirasinda alkol kaybolur

C.

Alkoliin kitlesi yoktur

d. Alkolin tamami suyun icerisinde ¢dzUngtiir*
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12)Asagidaki tablo K, L, M kati maddelerinin sudaki ve mddeki ¢cozinurlglini géstermektedir.
Tablodaki bilgilere gére K maddesjagidaki yontemlerden hangisi ile elde edilebilir?

Maddeler Sudaki ¢ozunirligi Petroldeki ¢ozunurligi
K C6zinmez COozunur
L Cozunar Cozinmez
M Cozunar Cozinmez

coop

Once petrol eklenir ve aktarilir sonra su eklenir
Petrol dnce eklenir sonra aktarihr
Petrol eklenir ve olgan kargim stizultr
Su eklenir ve olgan kargim stzulir*

13)Asagidaki kaplarda gosterilen ‘o’ simgeleri suda ¢oztimeaddeyi temsil etmektedir. Buna gore
asagidaki ifadelerden hangisi goudur?

100 ml

100 ml

[~ 100m

[~ 100 ml

L ] L . » . L
o b : o mi . . EL . o somi * e 2e 0 of 50N
s °* [ . ** ¢ ® ot -
A cozeltisi B ¢ozeltisi C cozeltisi D c¢ozeltisi
a. C cozeltisi en seyreltik ¢cozeltidir
b. B cozeltisi doymamngicozeltidir
c. A ve C c¢ozeltilerinin degimleri esittir*
d. D c¢ozeltisi airt doymu ¢ozeltidir
14)X, Y, Z, W, Q metallerinin miknatisla ¢ekilebilmeaéiligi tabloda verilmtir.
Metal X Z W Q
Miknatisla ¢ekilebilme| - + - +

6zelligi

Buna gore, toz halinde bulunan metallerdensaru gagidaki karsimlarin hangisindeki metaller
miknatis yardimiyla birbirinden ayrilabilir?

a. YveQ

Y ve W*

b.
c. ZveQ
d YveZz
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15)Yanda gosterilen diizenek kullanilarak kélelerine ayrilabilen
bir kargim icin aagida verilen seceneklerden hangis

dogrudur? y

a. Kaynama noktasi farkindan yararlanilarak galderine W\N\
ayrilabilen sivi-sivi homojen bir karmdir* /] o

b. Damitma kolonunda sadece kaynama noktasildidlan ' | » [R
|\;/I

bilesenin buhari bulunur :
c. Damitma kolonunun altinda kaynama noktasgiitiiolan @

bilesenin buhari bulunur j_
d. Damitma kolonunun dstine wygn buhar kaynama

noktasi yiksek olan bienindir

16. ve 17. sorular gagida verilen yoénergeye vaekle gore cevaplandiriniz.

Sabit sicaklikta100 ml subulunan A, B, C beherlerinin her birine 20 graskerekleniyor. Ancak, A
beherine kipeker, B ve C beherlerine tgeker ekleniyor. Ayrica, C beherigeker ilave edildikten

sonra kagtirniliyor. Buna gore,

!7 Iarisizrucy

<z
= ] = S |
—J kciip I tex toxz
- seker selker seler
. %

B Lo

16) Beherlerdekiekerlerin_céziinme hizlari

(1) Aynidir (2) Farkhidir*

Cunka

Seker kip halinde iken toz haline gére daha faztarigauygular
Tozsekerin kitlesi kigekerden daha azdir

Tozsekerin ylzey alani kigekerden fazladir*
Karistirimayan kaplarin dibinde bir miktaeker ¢c6ziinmeden kalir

coop

17) Beherlerde bulunan sulardekerin_¢cézinurlikleri
(1) Aynidir* (2) Farklidir

Cunku

Sekerlerin yuzey alanlari farkhdir

Sicaklik sabittir*

Tozseker erir
C beherindeki ¢ozelti kagtirilmistir

coop
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18) Sabit sicaklikta, suya bir miktaeker eklenir ve daha faztgker ¢c6ziinmez hale gelinceye kadar
beklenilir, sekerin fazlasi kabin tabaninda ¢ézinmeden kalinaBgore, gsagidaki ifadelerden
hangisi_dgrudur?

a. Sekerin bir kismi ¢ézlinmeden kattha gore siri doymu bir ¢ézeltidir
b. Daha fazlgeker c6zemegdine gore desik bir ¢cozeltidir

c. Asin doymuy bir ¢ozeltidir ve dolayisiyla heterojendir

d. Doymu; bir ¢cozeltidir*

19) Suya tuz eklenir ve daha fazla tuz
¢6ziinmez hale gelinceye kadar kanilir.

Cozinmeyen tuz c¢cokmeye bekletilir SUVUWGHSI
Cozeltinin  hacmi ilk hacminin yarisi huharlagyor .
oluncaya kadar su buhaglesa, cozeltideki (e . (ozef
tuz _dergimi ne olur? (Sicakfin sabit ““-H_k
oldugunu farz edin). ‘f.-")
. \—‘<
\ Kati Iz Rt fz
(1) Artar (2) Azalir (3) Ayni kalir*
Cunku

a. Daha az suda ayni miktarda tuz vardir
b. Tuz buharlamaz ve ¢ozeltide kalir*

c. Daha cok kati tuz okur

d. Daha az su vardir

20) Alkol-su ve boya-tiner kagimlari homojendir

(1) D@gru* (2) Yanls

Cunku

a. Alkol suda, boya da tinerde ¢ozunur*

b. Cozeltilerin timinde ¢6ziclt sudur

c. Boyanin ygunlugu yiiksek oldgu icin ¢6ziinemez
d. Alkol ve boya erimez



21) Sekildekisiringada 10 cc gazl icecek bulunmaktafliringa

| konumundan |l konumuna getirilirse icete gaz
¢O6zundrligd (Basing ve hacim arasinda ters oranti gdu
bilgisini hatirlayiniz)

(1) Dgismez (2) Azalr* (3) Artar - Kanum e
Cunka

a. Gaz parcalari basincin etkisiyle sivi hale gecer

b. Basin¢ uygulanganda farkli gaz parcaciklari glur

c. Gaz parcaciklar sigirilamaz

d. Basing azaldik¢a gazlarin ¢ozunigiide azalir*

22) Camurlu suyu bilgenlerine ayirmak icin kullanilan yontem ile ilgd§agida verilen ifadelerden

hangisi_ d@rudur?

a. Sadece kati-sivi heterojen kamlari bilesenlerine ayirmada kullanilabilir
b. Seker-su kagimi da ayni ydntemle bienlerine ayrilabilir

¢c. Homojen kagimlar ayni ydéntemle bikenlerine ayrilamaz*

d. Sulu ¢ozeltiler sizildiiinde kati madde her zaman filtresldinda kahr

23) X maddesinin sudaki ¢c6zunugii ile sicaklik arasinda @ou oranti vardir. Bu maddenin doymu

¢Ozeltisinde kristallgne sglamak icin¢dzeltinin sicakgi

(1) Diguralmeli* (2) Yukseltilmeli

Cunku

a. Sicaklik azaldik¢ca kati ve sivi maddelerin sudékiqirligt de azalir*
b. Cozeltinin sicaklil azaltilsa da ¢6zUnugi dezsismez

c. X maddesinin kristallgnesi icin suyun sicak olmasi gerekir

d. Gazlarin ¢6zunurlik katsayisi tim gazlar icin gabit

24) Sekildeki tabloda aseton ve suyun bazi fiziksel lddeti verilmistir.

Yogunluk Kaynama Donma Molekul
Maddeler (g/cnt) Noktasi °C) | Noktasi (°C) '?ggllrwo%)l Polarite
Aseton 0,79 56 -95,4 58 Polar
Su 1 100 0 18 Polar

Karisgim halinde bulunan aseton ve suyu ayri ayri eldeekticin gagidaki yontemlerden hangisi
uygulanabilir?

a. Buharlgtirma

b. Ayrimsal damitma*
c. Kiristallendirme
d.

Aktarma
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25) Q gezegeninde bulunan iki sivi kamildiginda iki farkli tabaka okmaktadir. Bu sivilarin
birbirinden ayrilmasiyla ilgili segida verilen bilgilerden hangisi @oudur?

Tanecik boyutu farkina gore birbirinden ayrilathéir

Toplama kabina aktarilan maddenirgyolugu digerinden daha kuguktir

Ayirma hunisi yardimiyla birbirinden ayrilabilir*

Yogunlugu digerinden kicik olan sivi distilattir

coop



168

APPENDIX E

MOTIVATED STRATEGIES FOR LEARNING QUESTIONNAIRE

OGRENMEDE GUDUSEL STRATEJILER ANKET i

Degerli 6grenciler,

Ogrenmede Gidiisel Stratejiler Anketi'nde kimya dezdiagl motivasyonunuzu belirlemeye yonelik
ifadeler yer almaktadir. Ankette yer alan sorulay@mel bir dgru cevabi yoktur, sizi en iyi ifade eden
secenek dgru cevaptir. Anketi derecelendirirkersagida verilen 6lcgi kullaniniz. Verilen ifade
sizin i¢cin kesinlikle dogruysa, 7’yi yuvarlak icine aliniz. Verilen ifade skin icin kesinlikle
yanligsa, 1'i yuvarlak igcine aliniz. Bu iki durum disinda ise 1 ve 7 arasinda sizi en iyi yansgni

distindaginiz rakami yuvarlak icine aliniz.

Benim igin
Kesinlikle YANLIS 1 2 3 4 5 6

Ogrenci Numaraniz:

Benim igin
7 Keditd DOGRU

1. Kimya dersinden cok iyi bir not alggan dislindyorum.

(1) (2 (3) (4) (5) (6) (7)

2. Bger uygun sekilde calgirsam, kimya dersindeki konula

dgrenebilirim.

n() 2) (3) 4) () (6) (7)

3. Kimya dersinde grendiklerimi baka derslerde de kullanabilegmi
distindlyorum.

(1) (2 (3) (4) (5) (6) (7)

4. Kimya dersinde gretilen becerileri
eminim.

iyice grenebilecgimden

(1) (2 (3) (4) (5) (6) (7)

5. Kimya dersinde bir konuyu anlayamazsam bu ymateri siki
calismadgim icindir.

1) (2 (3) (4) ) (6) (7)

6. Kimya dersi ile ilgili okumalarda yer alan enrzkonuyu bile
anlayabilecgimden eminim.

1) (2 (3) 4 ©) (6) (V)

7. Kimya dersindeki konulardan ¢glantyorum.

1) (2 (3) @) () (6) (7)

8. Kimya sinavlari sirasinda,gér arkadglarima goére sorulari ne kad
iyi yanitlayip yanitlayamag@imi diginriim.

A1) (2) (3) (4) () (6) (7)

9. Kimya dersinde ¢ok karili olacgimi umuyorum.

1) (2 (3) @) ) (6) (7)

10. Kimya sinavlarinda kalbimin hizla gt hissederim.

(1) (2) (3) (4) (5) (6) (7

11. Kimya dersindeki konulari anlamak benim iciregidir.

(1) (2 (3) (4) (5) (6) (7)

12. Kimya dersinde getilen temel kavramlari genebilecgimden
eminim.

(1) (2 (3) (4) (5) (6) (7)

13. Kimya dersinde grendiklerimin benim i¢in faydali oldiunu
distindlyorum.

(1) (2 (3) (4) (5) (6) (7)

14. Kimya dersindeki konularigtenemezsem bu benim hatamdir.

1) (2) 3) (H&HID

15. Kimya sinavlari sirasinda bir soru Gzeringdeagirken, aklim sinavin
diger kisimlarinda yer alan cevaplayangaoh sorularda olur.

(1) (2 (3) (4) (5) (6) (7)

16. Kimya dersinde, getmenin anlatgi en karmak konuyu
anlayabilecgimden eminim.

1) (2 (3) 4 ©)(6) (M)

17. Yeterince siki cafirsam kimya dersinde karili olurum.

1) (2)(3) (4) (5) (6) (7)
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18. Kimya dersinin kapsaminda yer alan konularifgni cekiyor. 1) 2) 3) (4) (5) (6) (7)

19. Kimya dersinde verilen sinav ve odevleri en iekilde | (1) (2) (3) (4) (5) (6) (7)
yapabilecgimden eminim.

20. Kimya sinavlari sirasinda bu derstegabaiz olmanin sonuclarii(1) (2) (3) (4) (5) (6) (7)
aklimdan geciririm.

21. Kimya dersindeki konulariggenmek benim icin dnemlidir. Q) 2) (3) (4) (®5) (6) (7)

22. Kimya sinavlarinda kendimi mutsuz ve huzursszdderim. Q) @) ()@ () (®.) (7

23. Dersin zorlgu, @sretmen ve benim becerilerim g6z o6nd (1) (2) (3) (4) (5) (6) (7)
alindginda, kimya dersinde karili olac&imi distuniyorum.
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APPENDIX F

ACHIEVEMENT GOAL QUESTIONNAIRE

HEDEF YONEL iMi ANKET i

Degerli 6grenciler,

Hedef Yonelimi Anketi, kimya dersindeki hedeflednbelirlemek amaciyla hazirlangtr. Ankette
yer alan sorularin genel bir gia cevabi yoktur, sizi en iyi ifade eden se¢cenefrdaevaptirVerilen
ifadeye kesinlikle katiliyorsaniz, 5'i yuvarlak icine aliniz. Verilen ifadeye Kkesinlikle
katilmiyorsaniz, 1'i yuvarlak icine aliniz. Bu iki durum disinda ise 1 ve 5 arasinda sizi en iyi
yansittigini disindiigiiniiz rakami yuvarlak igine aliniz.

Ogrenci Numaraniz:

AXXN|X|IXIARA
SO N I P D ST P )
SO0 2| g |22
323 |g|< |2
S =< |I~n|8 (8=
So|ld |5 |c|c®
c c |33 |3
3 3

1. Kimya derslerinin i¢egini mimkun oldgunca iyi anlamak benin 1 > 13lals

icin dnemlidir.
2. Kimya derslerinde amacim siniftakigdr drencilerden daha kotti
! 1 2 13|4]5

performans sergilemekten kaginmaktir.
3. Diger @rencilerden daha iyisini yapmak benim i¢in dnenmlidi 1 2 13|45
4. Kimya derslerinden mumkin olgunca cok sey &renmek
istiyorum.
5. Kimya derslerinde beni siklikla motive eday, digerlerinden dahg
kot performans sergileme korkusudur.
6. Kimya derslerinde verilen hegeyi tam olarak grenmek
arzusundayim.
7. Kimya derslerinde amacim,gér pek cok grenciden daha iyi bir no
almaktir.
8. Kimya derslerinde grenebilecgimden daha azini ggenmekten
korkuyorum.
9. Kimya derslerindeki tek amacim gdilerinden daha Barisiz
olmanin 6nune gegmektir.
10. Kimya derslerinde gienilecek herseyi dgrenemeyebilegémden

A 1 2 13|4]5
siklikla endge duyuyorum.
11. Kimya derslerinde gerlerine goére daha karili olmak benim igin
onemlidir.
12. Bazen kimya derslerinin icgmi istedigim kadar iyi
anlayamayagamdan korkuyorum.
13. Kimya derslerinde amacimgaaisiz olmaktan kacinmaktir.
14. Kimya derslerinde beni siklikla motive edgey baarisiz olmal
korkusudur.
15. Kimya derslerinde sadeceshasiz olmaktan kagcinmak istiyorum.

[ QT I N
Nl N NN
W w (W w
ol I NG BN
9 |9 »
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APPENDIX G

SEMI-STRUCTURED INTERVIEW QUESTIONS

MULAKAT SORULARI

Oda sicaklginda bulunan 100 gram suya her biri Gi¢c gram olan al adet kesmeseker eklenir.

1.

Maddenin siniflandiriimasini diintirsen, ne tir bir madde glu? Neden?
Karigimlarin hangi parcaciklardan etugunu digtntyorsun?
Karisimlar saf madde midir?

Karisimlarin siniflandiriimasini giindrsen, ne tir bir karm olusur? Neden?
TUm kargimlar homojen kagim midir?
Homojen kagimlarin tamaminda ¢6zict su mudur?

Seker suya eklengi zaman ne olur? Bahsediin olay nasil gercekigr?
Seker ve su tekrar elde edilebilir mi? Neden?

Oda sicaklginda bulunan 100 gram suya her biri G¢ gram olan al adet kesmeseker eklenir ve
daha fazlaseker ¢éziinmez hale gelinceye kadar kagtirilir. Bir siire bekledikten sonra beherin
tabaninda t¢ gramsekerin ¢oktigu gozlemlenir.

4.

Cozeltinin kaynama noktasi saf suyun kaynama nokiaskasilastirildiginda ne olmasini
beklersin? Neden?

Cozeltinin kitlesi kactir? Neden?

Cozeltiyi cbziinen madde miktarina gore siniflartgliramisin? Neden?

Bahsedilen ¢ozeltiyi A, oda sicaginda 100 gram su igerisine her biri G¢ gram oldkizse
adet kesmeeker eklenerek oliurulan ¢ozeltiyi de B olarak tanimlarsak, bu ikizeltiyi
eklenen ¢6ziinen miktarina gore siniflandirabilisin® Neden?

Belirli sicaklikta doymu bir ¢cdzelti seyreltik olabilir mi? Neden?

Asagidaki faktorlerden hangisi/hangilegekerli su c¢o6zeltisinin  ¢ozinlgint  etkiler?

Neden?

a. Oda sicakiiinda bulunan 100 gram suysgekerler eklendikten sonra c¢o6zeltiyi
karistirmak.

b. Oda sicakigiinda bulunan 100 gram suya her biri 3 gram 6 adsineseker yerine 18
gram tozseker eklemek.

c. Cozeltinin sicakliini 50°C'ye yiikseltmek.

d. Oda sicakiiinda bulunan ¢ozeltideki suyun 50 gramini bulsairiaak.

Cozeltiden hemsekeri hem de suyu elde etmek iciga@daki ayirma yontemlerinden
hangisi/hangileri kullanilabilir? Neden?

a. Buharlgtirma

b. Sizme

c. Ayirma hunisi

d. Damitma



172

APPENDIX H

CLASSROOM OBSERVATION CHECKLIST

Sinif:
Konu:

| YES

NO

1. The teacher trained students on social skillsredfue first lesson commencéd
and encourages them for frequent use of thoses skill

2. Lesson starts with the teacher’s presentation lwhigs the same discourse
with teaching activity and individual quiz.

3. Groups include four or five students with mixedliasband gender.

4. Students’ physical positions are appropriate forsueing face-to-face
promotive interaction.

5. The teacher assigns complementary roles to eaderst within a group.

6. The teacher changes assigned roles for eachtgictivi

7. The teacher administers individual quizzes afteugs completed the group
activity.

8. Students are not allowed to help each other dundigidual quizzes.

9. Individual quizzes are scored and distributed rougs to be analyzed each
member’s challenges.

10. Members get a common score according to each nr&mipgprovement
score.

11 Individual quizzes are scored and distributethtiividuals.

12.Each member is graded according to individual ompment score.

13. The team showed the greatest improvement is ameduimn the bulletin
board.

14. An individual who showed the greatest improvemienannounced in th
bulletin board.

D

15. Students give a name to their group.

16. The students ensure that all members of the groagtered the assigned
material.
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17.The teacher shares the records of the group aitsmmchecklist.

18. Students dissatisfied with the questions inclugheteaching activities and
directed by the teacher.

19. Students use social skills during team studies.

20. Students reflect on what they have experiencepgdaps.

21. The teacher randomly selects students to shanmeditwmip’s answers to th
activities.

1)

22. The teacher tries to make the knowledge moreligitde, plausible, ang
fruitful.

23.The teacher asked questions to voluntary and sefidestudents.

24. The teacher explains the scientific knowledge @uithtaking commor
alternative conceptions into account.

25.The students selected the groups to be involved.
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Table 1.1 Lesson plan 1

APPENDIX |

LESSON PLANS

Dersin Adi Kimya

Sinif 9. Sinif

Unitenin Adi Kargimlar

Konu Karsimlarin Siniflandiriimasi/ Kagimlarin Yapisi ve Ozellikleri

Onerilen Siire

2 ders saati

rt

Kazanimlar « Karigimlari ve bilgikleri tanecik boyutunda ayirt eder
o Karngimlarin saf madde olmagini kavrar
* Heterojen ve homojen karmlari tanecik boyutunda ayi
eder
» Karigimlarin kimyasal bilgimlerini kavrar
e Karigimlarin ve bilgiklerin 6zelliklerini ayirt eder
e Karigimlarin caitli fiziksel yodntemlerle birbirlerinden
ayrilabildigini kavrar
e Karigimi olwturan maddelerin 6zelliklerini  korugunu
kesfeder
Icerik Saf madde, homojen kam, heterojen kagim

Kullanilan Arag- Geregler

Cama yaprdi | ve I, oyun hamuru, deney tipu, demir tozu, ik
tozu, miknatis, Isitici

Ogrenme-Q@retme Siireci

Sinif sunumu (l. Aama)

Isbirlikli 6 grenme metotlarindan genci Takimlari- Bgari Bolumleri
(OTBB)

Grup calsmasina gecilmeden 6nce, “Kamlar saf madde midir?” ve
“Tum kargimlar homojen midir?” sorulanigdencilere yoneltilir ve 6n
bilgileri alinir. Giinlik hayatta katagilan karsim érnekleri verilerek
tim kargimlarin ayni 6zellikte olmagi vurgulanir. Kagimlarin
siniflandiriimasi, maddenin tanecikli yapisi boyta ele alinir ve
karisimlarin yapilarinda bulunan parcaciklardan (atomwlekilil)
bahsedilerek homojen ve heterojen kanlar agiklanir. Kagimlarin
sadece iki veya daha fazla elementten ya da safy@immaddelerden
olusaca yanilgisi kontrol edilir ve kagimlarin tanimi yapilir.
[Calisma yaprag! | burada dagitilir]. “Demir ve Kikurt tozlari
karstirildigi zaman demir miknatislanma 6zgitti kaybeder mi?” ve
“tuzlu suyun icerisinde bulunan tuz tekrar elddedaiiir mi?” sorulari
Ogrencilere yoneltilir ve fikirleri alinirffCalisma yapragi 1l burada

dagitilir].
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Table 1.1 (continued)

Grup calgmasi (Il. Calisma yapragi | ve Il dagitilarak @&rencilerin gruplari ile birlikte
Asama) calismasi sglanir. Gsretmen gruplarin arasinda dgdaak gruplarin
calismalarini kontrol eder, ¢cgki yaratici sorular sorarak
Ogrencilerin tst diizey diinme becerilerini geirir, yapici tartgma
ortamlari sglar, geri bildirimlerde bulunur. Gruplarin tasrak
verdikleri ortak cevaplargietmenin belirleyegg bir grup tyesi
tarafindan tim sinifa aciklanir. Tim gruplar cemaph duyurduktan
sonra anlg@lamayan kisimlar varsagitetmen tarafindan acika
kavusturulur.

Grup ici kleyis Grup galsmasi sirasinda tyelerin nasil gafityla ilgili 6grencilerin
degerlendirmesi (111. algilamalarini anlamak ve aksayan ya da gucli i@legin farkina
Asama) varmak amacliylagiencilerin“Grupta Ne Oldu” adli anketi

doldurmasi sglanir. Gsretmenin grup ¢cagmasi sirasinda yagti
gozlemlere gore doldur@u “Grup Gozlem Formu”
sonuglarindan grenciler haberdar edilir ve hem bireysel hem de
grup olarak ilerlemeleri derlendirilir.

Bireysel test (IV. Aama) | Quiz 1 dagitilarak @Grencilerin bireysel olarak cevaplamalari istenjr.
Bu asamada grup Uyelerinin birbirlerine yardimci olmamas
beklenir.

Olgme-Deerlendirme » Calsma yaprgl | ve II' de bulunan sorular

e Quiz1l
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Table 1.2 Lesson plan 2

Dersin Adi Kimya

Sinif 9. Sinif

Unitenin Adi Kargimlar

Konu Kargimlarin Siniflandiriimasi/ C6ztiinme ve Cozelti Bdeleri

Onerilen Siire

2 ders saati

Kazanimlar *  COzunme kavramini agiklar
» COzunme ve erime arasindaki farki kavrar
e Cozlnme olayinin fiziksel ggsme oldi@gunu kavrar
e Verilen karsim érneklerinde “benzer benzeri ¢ozer” ilkes
uygular
e COzlUnen, ¢ozici ve c¢ozelti kavramlariniskiiendirerek
aciklar
» Verilen ¢ozeltileri bilgenlerine ayirir
o Cozeltilerin farkh hallerde (kati, sivi, gaz) olkdzegini fark
eder
e Cozeltiile heterojen kayyim 6érneklerini ayirt eder
e Cozeltilere gunlik hayattan érnekler verir
Icerik Cozinme, erime, fiziksel gieme, kimyasal d@ésme, c¢oziinen

¢ozici, ¢ozelti, alam

Kullanilan Arag-
Gerecler

Calisma yaprgt Il ve IV

Ogrenme-Gretme
Sdreci

Sinif sunumu (l. Aama)

Isbirlikli 6 grenme metotlarindan genci Takimlari- Bgari Bolumleri
(OTBB)

“GC6zinme esnasinda yeni bir madde misoiu ¢c6ziinen madde er|
veya kaybolur mu?” gibi yaygin alternatif kavramlégrencilere
sorulur ve o©n fikirleri alinir. Bu sorular géencilerin celskiler
yasamasina ve dikkatlerini derse yonlendirmesine seathep Ginlik
hayatta kaplasilan c¢ozelti drnekleri verilerek derstezrénilenlerin
hayatta e yarar oldgu vurgulanir. Tuzlu su ¢6zeltisinde tuzu ve su
olusturan taneciklerin etkikdmlerinden bahsedilir ve cizilere
somutlgtirihr. Boylece, ¢coziinme olayinin nasil gercgkigyle ilgili

temel olyturulmus olur. Bazi maddelerin birbirleri icerisind
¢6ziinmesine (Orrggn; oje-aseton) rBmen bazilarinin
¢bzinmemesinin (Or@@; zeytinyai-su) sebebi sorulur ve “benz
benzeri c¢ozer” ilkesi aciklanir[Calisma yapragl Il burada

dagitihr]. “Cozunen, c¢ozucu ve c¢ozelti deyince akliniza ng
geliyor?” sorusu grencilere yoneltilir ve ginlik hayattan ¢oze
ornekleri vermeleri istenir. “TUm ¢o6zeltilerin sigldugu” yanilgisina
karsi tedbir almak amaciyla kati (alenlar) ve gaz cozelti érnekle

=

pler
Iti

Uzerinde durulurfCalisma yapragi IV burada dagitilir].
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Table 1.2 (continued)

Grup calgmasi (Il. Calsma yapragi 1l ve IV dagitilarak @Grencilerin gruplar ile
Asama) birlikte calsmasi sglanir. Gsretmen gruplarin arasinda dgdaak
gruplarin cajmalarini kontrol eder, ¢gki yaratici sorular sorarak
Ogrencilerin Ust duzey dtinme becerilerini getirir, yapici tartsma
ortamlari sglar, geri bildirimlerde bulunur. Gruplarin tasrak
verdikleri ortak cevaplar gretmenin belirleyecg bir grup Uyesi
tarafindan tim sinifa acgiklanir. Tim gruplar cesaph duyurduktarn
sonra anlglamayan kisimlar varsagtetmen tarafindan acigh
kavusturulur.

Grup ici kleyis Grup calsmasi sirasinda Uyelerin nasil gafiiyla ilgili 6 grencilerin
degerlendirmesi (111. algilamalarini anlamak ve aksayan ya da gucli itdesin farkina
Asama) varmak amaclyla @encilerin “Grupta Ne Oldu” adli anketi

doldurmasi sglanir. Gsretmenin grup cajmasi sirasinda yapgti
gozlemlere gore doldurgu “Grup Gozlem Formu” sonuglarindan
Ogrenciler haberdar edilir ve hem bireysel hem depguolarak
ilerlemeleri dgerlendirilir.

Bireysel test (IV. Aama) | Quiz 1 dggitilarak @Grencilerin bireysel olarak cevaplamalar istenir.
Bu asamada grup Uyelerinin birbirlerine yardimci olmanzeklenir.

Olgme-Degerlendirme * Calisma yaprai Il ve IV’ de bulunan sorular
e Quiz1l
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Table 1.3 Lesson plan 3

Dersin Adi Kimya

Sinif 9. Sinif

Unitenin Adi Kargimlar

Konu Kargimlarin Siniflandiriimasi/ Cozelti Turleri ve Coziilige Etki

Eden Faktorler (Basincin Gazlarin Cozungiilie Etkisi)

Onerilen Siire

2 ders saati

Kazanimlar » Cozeltileri doymyluk seviyelerine gore ayirt eder
* COzunen maddenin ¢ozucu icerisinde belirli bir ¢imé
kapasitesi oldgunu kavrar
e Cozlunurlik kavramini tanimlar
e Sabit sicaklik ve basincta ¢ézinigilin maddenin kimlik
Ozelliklerinden oldgunu fark eder
» Cozeltileri c6ziinen madde miktarina gore ayirt eder
» Doymams, doymuy, asirt doymu ¢ozeltiler ile seyreltik ve
derisik ¢cozeltiler arasindaki farki kavrar
e Cozelti turleriyle ilgili problemleri ¢cézer
*  Gazlarin ¢ézundrigiinin basincgla nasil getigini kavrar
* Gazlarin farkli basing gerlerindeki ¢cozunurlgini tanecik
boyutunda cizer
* Basincin gazlarin ¢ozunugiine etkisiyle ilgili gunluk
hayattan 6rnekler verir
Icerik Doymamy- doymu- asirt doymu; ¢ozelti, ¢cozandrlik, seyreltik]

derisik ¢cozelti, basincin gaz ¢ozunigline etkisi

Kullanilan Arag- Geregler

Cama yaprg V ve VI

Ogrenme-Q@retme Siireci

Sinif sunumu (l. Aama)

Isbirlikli 6 grenme metotlarindan &enci Takimlari- Bgarl
Bolumleri (OTBB)

“C6zinen bir madde ¢6zicl icerisinde sonsuza kadagdzinir?”
sorusu sorularak gencilerin 6n fikirleri alinir. Bir ¢6zeltinin
doymuluk seviyesini  belirlemek icin  kiyaslama ghinin
¢o6zunurluk olarak tanimlanan “belirli sicaklik vadingta 100 m
¢bzicide c¢ozinen madde miktar” qidu vurgulanir. Yani
¢Ozundrlign doymy c¢ozelti icin s6z konusu olgu belirtilir.
Belirli sicaklik ve basingta, ¢Ozinugin maddenin kimlik
Ozelliklerinden oldgu o6zellikle vurgulanir. Seyreltik ve deik
¢Ozeltinin git miktarda ¢ozicide ¢6zinen madde miktarina ¢
bagil olarak belirlendgi, her madde icin standart bir gkxi olmadgi
belirtilir. [Calisma yapragli V burada dagitilir]. “Cozundrlik
degeri neden belirli sicaklik ve basindielirlenir?” sorusu sorulara
Ogrencilerin sicaklik ve basincin ¢ozuni@ilietkileyen faktorlerder
oldugunu fark etmeleri ggdanir.

jore

N
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179

Sinif sunumu (l. Aama)

Grup calgmasi (Il.
Asama)

Grup ici leyis
degerlendirmesi (l11.
Asama)

Bireysel test (IV. Aama)

Sabit sicaklikta, basincin artmasiyla gaz ve ¢ozaciéciklerinin
etkilesiminin arttigi ve buna bgi olarak gazlarin ¢ézunurgiinin
arttigindan bahsedilir. Azot ve oksijen gazlarinin €5sicakliktaki
¢ozunurluklerinin basingla @sim (dogru orantil) grafgi cizilir ve
Ogrencilerle birlikte yorumlanir.[Calisma yapragl VI burada
dagitilir].

Calisma yapragi V ve VI dagitilarak @rencilerin gruplar ile
birlikte calsmasi sglanir. Cgretmen gruplarin arasinda dgdeak

gruplarin ¢cakmalarini kontrol eder, ¢gki yaratici sorular sorarak

Ogrencilerin Ust diizey dtinme becerilerini gedfirir, yapici tartsma
ortamlar sglar, geri bildirimlerde bulunur. Gruplarin tagrak
verdikleri ortak cevaplar gietmenin belirleyecgé bir grup Uyesi

tarafindan tim sinifa agiklanir. Tim gruplar cesaph duyurduktan

sonra anlglamayan kisimlar varsagtetmen tarafindan acigh
kavusturulur.

Grup calgmasi sirasinda uyelerin nasil gafiiyla ilgili dgrencilerin
algilamalarini anlamak ve aksayan ya da gucli iélesih farkina
varmak amaciyla gencilerin “Grupta Ne Oldu” adli anketi
doldurmasi sglanir. Gsretmenin grup cajmasi sirasinda yagt
gozlemlere gbre doldurgu “Grup Gozlem Formu”
sonuglarindan grenciler haberdar edilir ve hem bireysel hem
grup olarak ilerlemeleri dgrlendirilir.

Quiz 2 dagitilarak @rencilerin bireysel olarak cevaplamalari isten

Bu &amada grup Uuyelerinin birbirlerine yardimci olmam
beklenir.

de

r.
as

Olgme-Degerlendirme

e Calsma yapral V ve VI'da bulunan sorular
e Quiz2
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Table 1.4 Lesson plan 4

Dersin Adi Kimya

Sinif 9. Sinif

Unitenin Adi Karisimlar

Konu Kargimlarin Siniflandiriimasi/ Cozinugé Etki Eden Faktorler

(Sicaklik- Kargtirma- Temas Yuzeyi)

Onerilen Siire

2 ders saati

Kazanimlar e Katllarin ve gazlarin c¢ozunuginin sicaklikla nasi
degistigini kavrar
»  COzundrluk-Sicaklik tablo ve grafiklerini yorumlar
e Gazlarin farkh sicakhklardaki ¢6ziniguntu tanecik
boyutunda cizer
e Sicaklgin katilarin ve gazlarin ¢dzindgiine etkisiyle ilgili
gunlik hayattan érnekler verir
» Karigtirma ve temas yuzeyinin ¢ozunig#ietkisini kavrar
» Sabit sicaklik ve basingta, ¢cozunigdia maddenin kimlik
Ozelliklerinden oldgunu fark eder
Icerik Cozundrlik, sicaldin  katt ve gazlarin ¢ozunlgune etkisi,

karistirma, temas yizeyi

Kullanilan Arag- Gerecle

Cama yapra VIl ve VIII

Ogrenme-@retme Sireci

Sinif sunumu (l. Aama)

Isbirlikli 6 grenme metotlarindangenci Takimlari- Bgari Boltimleri
(OTBB)

Cozunarligun, belirli sicaklik ve basingta 100 ml ¢ézucudelgien
madde miktari  oldgu hatirlatilarak  @rencilerin  gecmi
Ogrenmeleriyle yeni grenecekleri kavramlar arasindagbkurulur.
Cozunarlak taniminda gecen “belirli sicaklgdrtina dikkat cekilerek
sicaklgin ¢ozunurligl etkileyen faktorlerden olgw vurgulanir.
Sicaklik artirldginda kati ve gaz ¢ozinen madde tanecikler
¢Ozucl tanecikleriyle aralarindaki etkil@in farkli oldusu ve buna
bagli olarak c¢ozundrliklerinin de sicakliktan farklitkilendigi
aciklanir. Yapilan aciklamay! desteklemek amadpdal kati ve gaz
maddelerin sabit basing ve farkli sicakliklardad@ignirliik dgerleri
verilir ve @grencilerin, sicakliin c6zindrlige etkisinin _maddenir
fiziksel hallerine ve cinsine gore @etigini fark etmeleri sglanir.
[Calisma yapragi VIl burada dagitilir]. “Sabit sicaklik ve
basinctaki bir maddeyi katirmak veya temas ylzeyini gigtirmek o
maddenin ¢ozundrund etkiler mi?” sorusu sorularakgr@ncilerin
on fikirleri alinir. Matematik ve Fizik derslerinide konusu olan “hiz
yol, zaman” kavramlarindan kisaca bahsedilerekrerdcilerin
¢6ziinme hizive ¢ozindrlikarasindaki farki kavramasi ganir.
[Calisma yapragi VIII burada da gitilir].

nin
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Grup calgmasi (Il.
Asama)

Grup ici kleyis
degerlendirmesi (111.
Asama)

Bireysel test (IV. Aama)

Calsma yapr@ VII ve VIII dagitilarak @&Grencilerin gruplarn ile
birlikte calsmasi sglanir. Gsretmen gruplarin arasinda dgsak
gruplarin ¢amalarini kontrol eder, ¢gki yaratici sorular sorarak
Ogrencilerin Ust diizey diinme becerilerini gediirir, yapici tartgma
ortamlari sglar, geri bildirimlerde bulunur. Gruplarin tagrak
verdikleri ortak cevaplar @etmenin belirleyegg bir grup Uyesi
tarafindan tim sinifa aciklanir. Tim gruplar cesaph duyurduktarn
sonra anlglamayan kisimlar varsagetmen tarafindan acigh
kavusturulur.

Grup calgmasi sirasinda Uyelerin nasil gafityla ilgili 6 grencilerin
algilamalarini anlamak ve aksayan ya da guclu idein farkina
varmak amaciyla @encilerin “Grupta Ne Oldu” adh ankeli
doldurmasi sganir. CGsretmenin grup cayjmasi sirasinda yapgti
gozlemlere gére doldurgu “Grup Gozlem Formu” sonuglarindan
Ogrenciler haberdar edilir ve hem bireysel hem depgnalarak
ilerlemeleri dgerlendirilir.

Quiz 2 daitilarak @Grencilerin bireysel olarak cevaplamalari istenir.
Bu asamada grup Uyelerinin birbirlerine yardimci olmanzeklenir.

Olcme-Deerlendirme

» Calma yaprgl VIl ve VllI'de bulunan sorular
e Quiz2
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Table 1.5 Lesson plan 5

Dersin Adi Kimya

Sinif 9. Sinif

Unitenin Adi Karisimlar

Konu Kargimlarin Siniflandiriimasi ve Ayrilmasi/ Kammlarin Fiziksel

Ozellikleri ve Tanecik Boyutu Farkindan Yararlanala Gelitirilen
Ayirma Yontemleri

Onerilen Siire

2 ders saati

[}

=)

Kazanimlar » Karigimlarin fiziksel 6zelliklerinin madde miktarina @of

degistigini fark eder

» Karigimi oluwturan bilgenlerin  kargimin  kaynama ve
donma noktasina etkisini kavrar

» COzunme sirasinda kitlenin korugdau kavrar

» Karigimlarin fiziksel oOzellikleriyle ilgili gunlik hay&hn
ornekler verir

» Tanecik boyutu farkindan yararlanilarak gelilen ayirma
yontemlerini aciklar

e Tanecik boyutu farki ile ayrilan maddelerin tamamip
heterojen kagimlar oldigunu fark eder

* SiUzme ve diyaliz ydontemleri arasindaki farki kavrar

» Kati-katl heterojen kagimlarin yani sira kati-sivi ve kati
gaz heterojen kanmlarin da tanecik boyutu farkiyl
ayrilabildigini fark eder

e Farkh ayirma yontemlerinde farkli ayirma araclari
kullanildigini kavrar

e Tanecik boyutu farkindan yararlanilarak gelilen ayirma
yontemlerinin ginlik hayat uygulamalarina érnekierir

Icerik Kaynama noktasi, donma noktasi, kitlegwouk, ayiklama, eleme,

suzme, diyaliz, miknatisla ayirma

Kullanilan Arag- Geregler

Cama yaprg! IX ve X

Ogrenme-Q@retme Siireci

Sinif sunumu (l. Aama)

Isbirlikli 6 grenme metotlarindan genci Takimlari- Bgarl
Bolumleri (OTBB)

“1 atmosfer basingta tuzlu suyun kaynama noktag zidir?”
sorusu yoneltilerek gencilerin sahip olmasi muhtemel olan
“karigimlarin saf maddeler gibi belirli bir kaynama naktaardir”
kavram yanilgisi kontrol edilir. Suyun igerisinegdgk miktarlarda
etil alkol eklenerek olgturulan c¢ozeltilerin kaynama noktalarini
gosteren bir tablo sunulur vegm@ncilerle birlikte yorumlanir
Karisimi meydana getiren bienlerin birleme oranina gore
kaynama noktasinin gatigini fark eden @rencilere, donma noktasi
ve yogunluk icin de madde miktarinin 6énemi vurgulanir
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Sinif sunumu (l. Aama)

Grup calgsmasi
(Il. Asama)

Karigimi meydana getiren bilenlerin birlgme oranina gor¢

kaynama noktasinin gitigini fark eden grencilere, donma noktas

ve yogzunluk icin de madde miktarinin 6nemi vurgulanir.ykama
noktasi yikselmesi ve donma noktasi alcalmasi Igéi igunlik

hayattan &rnekler verilir ve bu &rneklerin nedenléakkinda
Ogrencilerin yorumlari alinir. “Cézinme esnasindaligian maddeye
ne olur”, “Cézinen maddenin kutlesi var midir?”dar1 yoneltilir
ve madde miktari digsmedigi siirece ¢oziinme sirasinda ¢ozelti
toplam kutlesinin  korunaga aciklanir. [Calisma yapragl IX

burada dagitilir]. Karigimlar Unitesinin ikinci konusu ola
karisimlarin ayrilmasina  gecilmeden Once kamiarin
siniflandiriimasi konusunda 6nemli olan noktalaeriime durulur.
Karigimlari ayirmak icin  maddelerin farkh  6zellikleried
yararlanildgini ve bu 6zelliklere gére ayirma yontemleri geidildi gi

aciklanir. Kargimlari ayirma  yontemlerinin  genelinde

bahsedildikten sonra “Homojen kamlar tanecik boyutu farkiyla

bilesenlerine ayrilabilir mi?” sorusu sorularagréncilerin on fikirleri
alinir ve tanecik boyutu farkiyla ayirma yéntemierigegs yapilr.
Ayiklama, eleme, stizme, diyaliz ve miknatisla agrydntemlerinin
prensipleri aciklanir ve bu yontemlerin ortak nddate ile farkli

noktalari tGzerinde durularakgiencilerde olmasi muhtemel kavram

yanilgilari  kontrol edilir. Tanecik boyutu farkiylaayrilabilen
karisimlarin heterojen oldtunu @Grenen @rencilere “Algimlar ve
gaz kargimlari tanecik boyutu farkiyla bigenlerine ayrilabilir mi?”
sorusu sorularak gecgnbgrenmeleriyle yeni grenecekleri kavramla
arasinda hakurmalar sglanir (heterojen kagimlar, algimlar, gaz
karisimlar gibi kavramlar 6nceki derslerin konulari riginde yer
almaktadir). Sadece kati-katl gilekati-sivi ve kati-gaz heteroje
karisimlarin da tanecik boyutu farkiyla ayrilabiithi kesfetmeleri
icin glnluk hayatta kardasilan érnekler verilir ve grencilerden de
ornekleri ¢sitlendirmesi beklenir. Stizme ve diyaliz yonteml
arasindaki tek farkin, karmin icerisindeki kati maddeni
molekillerinin buytklgd olduyzu vurgulanir ve “kum ve su karmi
da kati-sivi heterojen karm oldusuna goére diyaliz yontemiyl
bilesenlerine ayrilabilir mi?” sorusu sorularalgréncilerin anlamli
Ogrenmesi sglanir. Miknatislanma 6zefline sahip olan tel
maddenin demir olmagl, nikel ve kobalt elementlerinin d
miknatistan etkilendi aciklanir ve iki maddeden olan bir
karsimin - miknatisla ayrilabilmesi icin  maddelerden rbiri
miknatislanma 6zefline sahip, dierinin ise miknatislanm
Ozelligine sahip olmamasi gerektivurgulanir.[Calisma yapragi X
burada dagitilir].

Calisma yaprgl 1X ve X datilarak @Grencilerin gruplari ile birlikte
calsmasi sglanir. Gsretmen gruplarin arasinda dgdeak gruplarin
calismalarini kontrol eder, ¢gki yaratici sorular soraralgtencilerin
Ust dizey dgiinme becerilerini gefiirir, yapici tartgma ortamlari
sgslar, geri bildirimlerde bulunur. Gruplarin tagrak verdikleri
ortak cevaplar gretmenin belirleyeg# bir grup Uyesi tarafindan tu
sinifa aciklanir. Tum gruplar cevaplarini  duyur@uwkt sonra
anlgilamayan kisimlar varsa gtetmen tarafindan aciigh
kavusturulur.

D
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Table 1.5 (continued)

Grup ici kleyis Grup calsmasi sirasinda tyelerin nasil gafityla ilgili 6grencilerin
degerlendirmesi algilamalarini anlamak ve aksayan ya da gucli igleih farkina
(1. Asama) varmak amaciyla gencilerin “Grupta Ne Oldu” adl ankefi

doldurmasi sdanir. Gsretmenin grup c¢ajmasi sirasinda yagti
gozlemlere gore doldurgu “Grup Gozlem Formu” sonugclarindan
Ogrenciler haberdar edilir ve hem bireysel hem depgnlarak
ilerlemeleri dgerlendirilir.

Bireysel test (IV. Aama) | Quiz 3 dgitilarak @&rencilerin bireysel olarak cevaplamalari istenir.
Bu asamada grup uyelerinin birbirlerine yardimci olmantzeklenir

Olgme-Degerlendirme * Calsma yaprgl IX ve X'da bulunan sorular
e Quiz3
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Dersin Adi Kimya

Sinif 9. Sinif

Unitenin Adi Karisimlar

Konu Kargimlarin Ayrilmasi/ Ygunluk, Cozunurlik ve Kaynama

Noktasi Farkindan Yararlanilarak Gélilen Ayirma Yontemleri

Onerilen Siire

2 ders saati

Kazanimlar e Karisimi oluturan maddelerin ygunluk farklarina gore

birbirinden ayrilabildgini fark eder

e Kati-kati ve sivi-sivi heterojen kammlarin ygunluk
farkina gore bilgenlerine ayrilabildiini fark eder

o Kati-kati heterojen kapgmlarin  ygunluk farkiyla
ayrilabilmesi icin eklenen ¢ozlicliniin sahip olmasegen
Ozellikleri kavrar

e Karisim olwturan maddelerin yaunluk siralamasin
kavrar

e Karisimi oluturan maddelerin ¢ozunurlik farkina g@
birbirinden ayrilabildgini fark eder

e Kiristallendirme ile ayrimsal kristallendirme yontkem
arasindaki farki kgeder

e Kaynama noktasi farkindan vyararlanilarak gielien
ayirma yontemlerini aciklar

« Buharlgtirma ile basit damitma yontemleri arasindaki fg
kavrar

« Basit damitma ile ayrimsal damitma yontemleri anceski
farki kesfeder

e Basit damitma ve ayrimsal damitma diizeneklerirakur

e Sicakhik-zaman grafi verilen kargimlarin ayrilma
yontemleri ile ilgili yorum yapar

*  Verilen kargimlar i¢in uygun ayirma yontemleri 6nerir

e Karigimlar ayirma yontemlerine gunlik hayattan érnek
verir

Icerik Ayirma hunisi ile ayirma, c¢oOktirme, aktarmgjizdirme,

kristallendirme, ayrimsal kristallendirme, 6zutlemmiharlatirma,
basit damitma, ayrimsal damitma

Kullanilan Arag- Geregler

Camma yaprg Xl ve XII

Ogrenme-@retme Sireci

Isbirlikli 6 grenme metotlarindan genci Takimlari- Bgarl

Boliimleri (OTBB)

rki

er
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Table 1.6 (continued)

Sinif sunumu (l. Aama)

Yogunluk farki deyince @grencilerin 6ncelikle aklina gele

zeytinygil-su  kargimindan  bahsedilerek, sivi-sivi  heterojen

kargimlarin ~ ygunluk farklarina gbre ayirma  hunisiy
ayrilabilecgi aciklanir. “Sadece sivi-sivi heterojen kamlar mi
yogunluk farkina goére ayrilabilir?” sorusu yoneltilkrégrencilerin
fikirleri alinir ve olasi kavram yanilgilari kontredilir. Kati-kati
heterojen kagimlarin

da yagunluk farkina gore ayrilabilege agikliga kavturulur ve

boyle bir kargimi (kum-tala gibi) ayirmak icin maddelerin tzerine

eklenecek ¢ozicinin ozelliklerinden bahsedilirgduk farkina
gore ayrilacak kagimlarda maddelerin yiunluk siralamasi ile ilgili

ornek sorular ¢ozllerekgiencilerin, en altta toplanan maddenin
yogunlugunun en buydk ve en Gstte toplanan maddenin

yogunlugunun en kiguk oldtunu kavramalar ghanir. Kati-kati
heterojen kagimlarin ygsunluk farkiyla ayrilabildgini 6grenen
Ogrencilere “Naftalin-tuz kagimi da kati-kati heterojen kamn
olduguna gore maddelerin ganluk farklarina gore ayrilabilir mi?

sorusu sorularak yanluk ve ¢ozunurlik farki ile ayirma yontemleri

arasindaki farka vurgu yapilir. Bdyle bir kamin cozinurlik
farkina gore ayrilabile@e aciklandiktan sonra “Kapimda birden
fazla ¢6ztnen madde olursa nasil ayirabiliriz?’usaryénlendirilir
ve @rencilerin fikirleri alinir. Katillarin ¢ézunurfiiniin sicaklikla
artmasindan yararlanarak gélilen kristallendirme ydntem
aciklandiktan sonra ayrimsal kristallendirme ilearol farki
vurgulanir.[Calisma yapragl XI burada dagitilir]. Simdiye kadar
bahsedilen ayirma yontemlerinin tamaminin heterdjarsimlari
ayirmak icin uygun yontemler oldu hatirlatilarak “Homojen
karisimlar bilesenlerine nasil ayrilabilir?” sorusu yoéneltilir. S
maddeler ile c¢o6zeltilerin farkli olan bazi fiziksebzellikleri
(kaynama siresince sicaklik gigmi ve kaynama noktag
yikselmesi) ile ilgili énbilgiler kontrol edilir. Eti-sivi ¢ozeltileri
bilesenlerine ayirmak icin buhagarma ve basit damitm
yontemlerini  kullanabileceklerini agiklayarak, buki i ydontem
arasindaki 6nemli fark Gzerinde durulur.gBi bir ifadeyle, sadec
katt maddeyi elde etmek istiyorsak buhstilana yontemini, hem
kati hem de sivi maddeyi geri elde etmek istiyorigag&it damitma
yontemini kullanacaklarinigiencilerin kavramasi geanir. “Birden
fazla sivi birbiri igerisinde c¢oOzlnuyorsa yine baslamitma
yontemiyle bilgenlerine ayrilabilir mi?” sorusu yoéneltilir v,
ogrencilerden, bu duruma uygun érnekler vererek cavdamalari
istenir. Sivi-sivi homojen karmlarin basit damitma yerine ayrims
damitma yodntemiyle bikenlerine ayrilabileggé aciklanir ve basi
damitma ile ayrimsal damitma diizenekleri arasintikifark olan
fraksiyon kolonundan bahsedilir.gcencilerin @rendikleri bilgileri
uygulamalarina olanak tanimak amaciyla ayrimsal Itham
dizengini kurmalari sglanir. Ham petrolin rafinerilerde g#i

drtnlere ayrilmasinin, endustride ayrimsal damitpdateminin
kullanim alanlarindan birisi olgu aciklanarak grencilerin sinifta
islenilen konularla gunlik hayat uygulamalari araakidbaslantiyi

kurmasi sglanir. [Calisma yaprag! XIl burada da gitilir].

)
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Table 1.6 (continued)

Grup calgmasi (Il. sama) | Calisma yaprgl Xl ve Xl dagitilarak @rencilerin gruplari ile
birlikte calsmasi sglanir. Csretmen gruplarin arasinda dgdeak
gruplarin ¢cagmalarini kontrol eder, ¢gki yaratici sorular sorarak
Ogrencilerin Ust dizey dinme becerilerini geiirir, yapici
tartisma ortamlari gdar, geri bildirimlerde bulunur. Gruplarin
tartisarak verdikleri ortak cevaplagtetmenin belirleyecg bir grup
Uyesi tarafindan tim sinifa aciklanir. TUm gruptavaplarini
duyurduktan sonra anidamayan kisimlar varsa gietmen
tarafindan acikfja kavturulur.

Grup ici kleyis Grup galgmasi sirasinda tyelerin nasil gafiiyla ilgili 6grencilerin
degerlendirmesi (111. algilamalarini anlamak ve aksayan ya da guglu iélegiin farkina
Asama) varmak amaciyla grencilerin “Grupta Ne Oldu” adli anketi

doldurmasi sglanir. Gsretmenin grup caymasi sirasinda yagti
gozlemlere gore doldurgu “Grup Gozlem Formu” sonuglarindan
ogrenciler haberdar edilir ve hem bireysel hem depgalarak
ilerlemeleri dgerlendirilir.

Bireysel test (IV. Aama) | Quiz 3 dgtilarak d@rencilerin bireysel olarak cevaplamalari istenjr.
Bu asamada grup Uyelerinin birbirlerine yardimci olmamas
beklenir.

Olgme-Deerlendirme e Calisma yaprgi XI ve XlI'de bulunan sorular

e Quiz3
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APPENDIX J

TEACHING ACTIVITIES

Kari simlarin Fiziksel ve Kimyasal Bilesimleriyle ilgili Calisma Yapragi

Dogada bulunan tim maddeler saf madde midir
Karisimlar ve bilgikler ayni 6zelliklere mi sahiptirler

Karisimlar mi saf maddedir? Homojen kamlar mi saf maddedir O
S

| Asagida gosterilen etkinligi tamamladiktan sonra bu sorulara cevap bulacaksirm.

OAD o © ¢ on
o 2 OR go ¢
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frem, yukarida gosterilen maddeleri bileveya karsim olacaksekilde siniflandirmaya camaktadir.
Gosterilensekillerin tamami farkli cins taneciklerden efusu icin maddelerin hepsinin kamm
olduguna karar verir. Fakat 2ekilde gosterilen maddenin taneciklerinin her yeagtal gérindginu
fark ederek onun homojen kam oldusunu diginar.

Cevabinin dgru olup olmadgini kontrol etmek amaciyla arkagl@®ykir'ye diglincelerini sorar.

Oyki, 2. maddenin bilgk, digerlerinin kargim oldusunu ve dgadaki tum kagimlarin heterojen
karisim oldugunu ileri stirerirem ve Oyki’niin verdikleri cevaplari taarak;

a) Yukarida gosterilen 4 maddeyi siniflandirmalaringanedenlerini aciklamalarinda onlara
yardimcli olunuz (Saf madde olup olmadi ve bilgik veya kargim olduzunu belirtiniz)

ORNEK: 1. madde ................ CUNKD v

b) Yukarida gdsterilen 4 maddenin kimyasal §ifderini belirtiniz (atom, molekil, hem atom
hem de molekdl).

ORNEK: 1. madde ............ icermektedir.
¢) Yukaridaki kisimlarda verginiz cevaplardan (a ve b sorulari) yola ¢ikarak bgm kargim
ve heterojen kagimin tanimini yapiniz (Ya@iniz tanimlarda, bu katmlarin icerdikleri

taneciklerden de bahsetmeyi unutmayiniz).

d) Homojen ve heterojen kanmlara gunlik hayattan gr tane 6rnek veriniz.
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Kari simlarin Ozellikleriyle Tlgili Calisma Yapragi

Asli: Tursu suyu naslil hazirlanir anne?

Annesi: Tuz ve suyu kagtirman yeterli kizim.

Asli: Her ikisinden de @t miktarda mi eklemeliyiz?
Annesi: Esit miktar olmak zorunda dd. Tadini nasil
istiyorsan ona gore ayarlama yapabilirsin.

Gerekli

Asli: Peki, tusu suyunun icindeki tuz ve su Ozelliklerinj Malzemeler
kaybeder mi? -Oyun hamurlan
Annesi: Bilmiyorum. -Deney tipl
Asli: Bence kaybeder ¢inki tuz artik katgitlesivi halde _Demir tozu
bulunuyor yani eriyor. Peki, tuz ve suyu ilk haier o

-Kukdart tozu

dondurebilir miyiz?

Annesi: Emin deilim ama déndirebiliriz sanirim.

Asli: Peki, nasil? Tuzu ve suyu fiziksel yollarla eldeleilir
miyiz?

Annesi: Mmm...

-Miknatis

Yapacaginiz etkinlikler sonunda Asli ve annesinin arasindagecen kongmalarda Asl’'nin
sordugu sorulara cevap bulacaksiniz. Bunun i¢in dnceliklesagida verilen yonergeleri takip
ediniz ve sorulan sorulara cevap bulmaya caliniz.

<

. KISIM
Sait Mavi A% B Elinizde bulunan sari ve mavi
) hamurlardan 4 tane sari ve 3 tane
'S mavi top yapiniz ve Figur 1'deki
U gibi rastgele siralayiniz.

Figiir 1

» Siraladginiz sar1 ve mavi toplar fiziksel yollarla birbirleden ayrilabilir mi?

 Siraladginiz sari ve mavi toplar 6zelliklerini (renk) komudnu?

Y o B Elinizde bulunan sari ve mavi
San Mavi Yesil hamurlardan 3 tane sari ve 3 tane

'C:' — mavi top yapiniz ve 1'e 1 oraninda
) — karstirniz.  Bu 2 rengin
D - karsimiyla olwan ysil renkli 3

blylk top elde ediniz. %@ renkli
toplari Figur  2'deki gibi
Figiinr 2 siralayiniz.

» Siraladginiz ysil toplar fiziksel yollarla ilk bataki toplara (sar ve mavi) dostiirtlebilir
mi?

« Bu siralamada ilk gaki toplar (sari ve mavi) 6zelliklerini korudu mu?
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| Simdi kendi deneyimizi yapalim. |

..l‘ A B é/ C

ln:- il

Kanstmihms demir ve
kiikiirt elementlertmn
1s1tdmast ile olugan

kimyasal bilesik

Demir Tozu  Kiikiut Toz Kanstnihms Demir ve Kiikiirt
Tozlan

I Kisim: Demir (Fe) ve Kikurt (S) tozunu kgtrriniz ve kargima miknatis yakkdiriniz. Demir ve
kukdrt tozlar 6zelliklerini kaybetti mi? Tekrarleédallerine déngtirulebilir mi? Aciklayiniz.

II.  Kisim: Deney tlpiine Demir ve Kikurt tozu koyuptimsez ve kargima miknatis yakkdiriniz.
Demir ve kukurt tozlari 6zelliklerini kaybetti miPekrar eski hallerine dostiirilebilir mi?
Aciklayiniz.

I. ve Il. Kisimlarda yapmis oldugunuz etkinliklere gore Asli ve annesi arasinda gege
diyalogda yer alan baluklari doldurunuz.

Asli: Tursu suyu naslil hazirlanir anne?

Annesi: Tuz ve suyu kagtirman yeterli kizim.

Asli: Her ikisinden de @t miktarda mi eklemeliyiz?

Annesi: Esit miktar olmak zorunda gdl. Tadini nasll istiyorsan ona gore ayarlama yépain.
Asli: Peki, tusu suyunun icindeki tuz ve su 6zelliklerini kaybedaf
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Cozinme Kavramiylalgili Calisma Yaprag!

Elif 6gretmen;“Sekeri suyun igerisine attgimizda, sekerin kap icerisindeki dagihmi nasil
olur?” sorusunu yoéneltir ve gencilerden bgnin cizimleri aagidaki gibidir. Sizce bu
gosterimlerden hangisi veya hangilerigdadur? Neden dippu ya da neden yasliolduklarini
tartiginiz. §: Sekeri, O: Suyu temsil etmektedir).

* A kabindaki gésterim:
* B kabindaki gosterim:
»  C kabindaki gosterim:
e D kabindaki gosterim:

* E kabindaki gosterim:

| Tarti smalardan elde ettginiz bilgileri kullanarak a sagida yer alan sorulari cevaplayiniz.

e COzunme nasil gercekie?

*  Erime nedir?

»  Sekerli suyu kimyasal bir formulle ifade edebiliryiz? Neden?

»  Sekerli su kendini olsturanseker ve sudan farklh bir madde midir? Neden?

e Cayaseker attgimizda homojen bir kagim mi, heterojen bir kasim mi elde ederiz?

*  Cay bardainin tabanindaeker bulunmasini nasil agiklarsiniz?
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Cozelti ve Bilgenleriyle Tlgili Calisma Yaprag)

e Cozeltiler her zaman sivi halde midir

e TUm c¢ozeltilerde ¢6ézict su mudur

» Cozeltiyi oluturan bilgenler farkh fiziksel hallerde
(kati, sivi, gaz) olabilir mi

-

-

Ogrencilerin cogunlugu yukaridaki sorularin cevaplarina iliskin dogru olmayan fikirlere
sahiptir. Etkinlikte verilen sistemlerle ilgili sorulari tarti sarak cevapladginizda yukaridaki
sorularin dogru cevaplarina da ulasmis olacaksiniz.

Sistem A: Tuzlu su Sistem B: Ayran
Sistem C: Aseton ve su Sistem D: Oje ve su
Sistem E: Deodorant Sistem F: Hava
Sistem G: Tung Sistem H: Su

1. KISIM

e Sistem A ve Sistem B'yig6ziicii ve ¢dzlinenin cinsi, ¢oziicli ve ¢dzinenirkdai
halleri, ¢6zlinenin ¢dzlicu icerisindegdena durumu (¢dzelti veya heterojen kam),
cozeltinin fiziksel hali élcutlerine gore siraylarklastiriniz.

» Sistem C ve Sistem D'yi; ¢6zlcl ve ¢Ozinenin ciggiziici ve ¢dziunenin fiziksel
halleri, ¢c6zinenin ¢dzicu icerisindegdena durumu (¢ozelti veya heterojen kam),
¢Ozeltinin fiziksel hali 6l¢utlerine gore siraylarklastiriniz.

2.  KISIM

» Sistem E'de belirtilen deodorantta ¢ozlict olaralg sicakiginda kolaylikla buharkan
etanol kullaniimaktadir. Deodorantta ¢éziicl olatgnol yerine su kullanilsaydi ne gibi
farkhhklar olurdu?

» Sistem F'de belirtilen hava hangi kam sinifina girer? Havay! ojturan madde(leri)n
fiziksel hallerini belirtiniz.

» Sistem G’de belirtilen tung, % 85 bakir ve % 15akalan meydana gelen bir gikladir.
Bu alaimi olusturan maddeler 6zelliklerini korur mu?

e Sistem H'de belirtilen su hangi madde sinifinargirBuyu olgturan maddeleri ve varsa
¢6ziinen, ¢obziici maddelerin isimlerini yaziniz.
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Tartismalardan elde ettginiz deneyimlerden faydalanarak c¢oziinen, ¢oziclu veodzelti
kavramlarini aciklayiniz ve calsma yapraginin basinda sorulan sorular ginlik hayattan
ornekler vererek cevaplayiniz.

e Co6zlnen

e Cozlcu

* Cozelti

»  Cozeltiler her zaman sivi halde midir?
e TiUm c¢ozeltilerde ¢éziicl su mudur?

e Cozeltiyi olusturan bilgenler farkli fiziksel hallerde (kati, sivi, gazpbllir mi?
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Cozelti Turleriyle Tlgili Calisma Yapragi

Derisik ¢cozeltiyle doymy ¢cozelti, seyreltik

¢Ozeltiyle doymangi ¢ozelti ayni anlamda

midir?

e Dibinde c¢6zinmerngi madde olan c¢ozelti
asir doymu ¢ozelti midir?

e« Kabin tabanindaki c¢6ziinmeyen madde

cozeltinin bileeni midir?

Bu sorulara cevap bulmak icin dncelikle etkinlikteverilen yonergeleri takip ediniz ve sorulan
sorulari cevaplayiniz.

\ 50 gr cizimen
)

—

100 ml ¢éziicit

1. Yukaridaki A, B, C ve D beherlerinasit miktarda (100 ml) ¢dzict bulunmaktadir ve 100 ml
¢cOziicli 25°C’de 50 gram madde ¢6zmektedir. A beherine 40 giige 45 gram, C ve D’ye
50 gram ¢6ziinen ekleniyor ve kamiliyor. Daha sonra, D beherine 5 gram daha céalilave
edilip, 50°C’ye kadar isitiliyor ve tekrar gatuluyor.

»  Beherlerde bulunan ¢ozeltilerin doygtuk seviyelerine gore tirlerini belirtiniz.

e Asagidaki cimlelerde yer alan kaklari doldurunuz.

1) B kabindaki c¢ozelti ...................... cozeltidir ve A kabiaki cozeltiye gore

2) C kabindaki ¢ozelti ...................... ¢Ozeltidir ve D kadeki ¢ozeltiye gore
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2. Yukaridaki A, B ve C beherlerinde farkli gonluklardasekerli su ¢ozeltileri bulunmaktadir.
Kaplarin igerisinde gosterilen noktalar ¢dzigeker molekdllerini ve noktalarin ganlugu da
¢cozeltilerin  ygunlugunu temsil etmektedir. B beherinin altinda bulun&oyu alan,
¢6ziinmeden kalagekeri gostermektedir.

e Beherlerde bulunan c¢ozeltilerin doyshuk seviyelerine goére tirlerini belirtiniz ve
nedenlerini tariniz.

e B beherinin dibindeki ¢tziinmeden kalaaker c¢ozeltinin bilgeni midir? Nedenini
aciklayiniz.

3. Derisik ¢cozeltiyle doymy cozelti, seyreltik ¢cozeltiyle doymagngdzelti ayni anlamda midir?
Neden?

4. Cay bard@ina cayin ¢ozebile@ginden fazlaseker atarsak fazla olageker bardgin tabaninda
birikir. Sizce dipte kalageker de caya tat verir mi? Neden?
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Basincin Gazlarin Cézaniirligiune Etkisiyle Tlgili Calisma Yapragi
Gaz parcaciklari arasindaki mesafe azglaican mi basing
arttikga gazlarin ¢ozunuga artar

Gaz parcaciklari kabgeklini alaca&! icin mi basing arttikca
gazlarin ¢ozunurigll artar

Gaz parcaciklari sivi hale gelgtein mi basing arttikca
gazlarin ¢ozunurigl azahr

OOO

Basing altinda farkh gaz parcaciklari Greygaégin mi
basing arttikca gazlarin ¢ozunigliiazalir

1. Denizin derinliklerinden su yiuzeyine|
suratle ¢ikilmasi durumunda azot gazin
kandaki  ¢ozunirlgh  azalir  ve
dekompresyon ya da vurgun adiyl
bildigimiz saligl tehdit edici bir olay
yasanir. Yukarida yer alan sorular
tartisarak vurgun olayinin  sebebin
aciklayiniz.

2. Asapidaki pistonlu kap deniz seviyesinde ve @Bde azot gazinin sudaki ¢ozuniglin
gOstermektedir. Deniz seviyesinden 15 metre ve 3ftrenderinige inildiginde ayni
sicaklikta azot gazi molekullerinin tahmini gdimini ¢iziniz ve nedenini kisaca aciklayiniz.
(ipucu: Derinlik arttikca basing artar)

Hareketh H.ﬂl‘Pth]i I-I.m‘e-ke-t]i
Piston Piston Piston
Azot
o o _ %0 ® kil
. @
- *® '
coeooo0o0 ofb— b
Cen e O O Moleliilia
e S0 ® 0T g0
OO0 O%o O
Deniz Seviyesi 15 metre 30 metre

3. Gazh bir iceceksisesinin kapgl acildginda kabarciklarinin yiksefgdi gbzlemlenir. Bu
olayi, basincin gazlarin ¢ozunigline etkisini ele alarak aciklayiniz.



Sicaklgin Katilarin ve Gazlarin Coézuniirliigiine Etkisiyle ilgili Calisma Yapragi

e Kati maddelerin ¢dzliinebilmesi icin ¢dzucunin
sicak olmasi mi gerekir?

» COzlcu sicak olmazsa kati madde ¢oker mi?

~ <
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Yapacaginiz etkinlikler sonunda bu sorulara cevap bulacaksiz. Bunun igin dncelikle

asagida verilen yonergeleri takip ediniz ve sorulan sarlara cevap bulmaya calginiz.

1. Asagidaki tabloda bazi maddelerin sabit basingta vélifesicakliklarda 100 ml sudaki

¢cozinarlukleri verilmgtir.

caklik (°C) 0 20 40 60
Madde
NaCl 35,7 36,0 36,5 37,2
KNO, 13,3 31,6 63,9 110,0
NaNOs 73,0 88,0 104,0 124,0
KCI 27,6 34,0 40,0 45,5
a. Tablodaki bilgileri kullanarak, maddelerin c¢ozunikllerinin sicaklikla dgisimi

grafigini giziniz.

13C A
12C -
11C
10C
9C
80
7C
60
5C
4C -~
30
20
10

COozundrluk (g/100 ml su)

[

40

60

»

Sicaklk{C)
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b. Grafige gore, su sicak olmasa da icerisinde kati madzignebilir mi? Aciklayiniz.

c. Tabloda belirtilen maddelerin kati halde didubilindigine gore, sabit basingta sicaklik
ve katilarin ¢6zunUrkii arasinda nasil bir gki vardir? (Dgiskenlerden her ikisinin de
arttigl veya azaldy iliskiler dogru oranti, dgiskenlerden birisi artarken ggrinin
azaldg iliskiler ters oranti olarak tanimlanir)

d. Tabloda belirtilen maddelerin timi kati ofguhalde ¢ézunurliklerinin farkh olmasi ne
anlama gelir?

e. Tabloda belirtilen maddelerden, 20’de 100 ml suda ¢6ziinen madde miktari ayni olan
var mi? Nedenini aciklayiniz.

2. Asagidaki pistonlu kap 1 atm basing ve 2C@'de azot gazinin sudaki ¢ozinilind
gostermektedir. 40C ve 60°C'de azot gazi molekdillerinin tahmini gilamini ciziniz ve
nedenini kisaca aciklayiniz.

Harelketli Hareketh Hareketh
Piston Piston Piston
Azot
o o Teoo ® T Molekiiti
* &
» - & ‘
COe000 00 o5t
Ceneo® O Oe Molekiilia
* S8 L0 T g0
SCCoCOo0o oo O
20 OC 40 OC 60 OC

3. Yaz aylarinda baliklar sularin derinliklerindesga Bu durumun sebebi ne olabilir? Aciklayiniz.
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Karistirma ve Temas Yiizeyinin Coziinirlige Etkisiyle flgili Calisma Yapragi

Sabit sicaklik ve basinctakir maddeyi
karstirmak veya temas  ylzeyini
degistirmek o maddenin ¢ozlunugini
etkiler mi?

Bu soruya cevap bulmak icin éncelikleirem ve annesi arasinda gecen diyalogu okuyunuz ve
sorulan sorulari cevaplayiniz.

irem: Recel yaparken sana yardim edebilir miyim, anne?

Annesi: Elbette.Sekeri bana vermekle glayabilirsin.

(irem,sekeri annesine uzatir)

Annesi: Ilahi iremcim! Tozsekeri uzatmani bekliyordum fakat sen bana jeler verdin.
irem: Fark etmez diye diinmistim. Neden tozeker kullanmaliyiz?

Annesi: Mmm...

(Annesi tozsekeri cileklerin Gzerine doker ve tencereyi @icaiizerine koyar)

Annesi: Receli kargtirabilir misin, kizim?

irem: Karistirmazsam recel olmaz mi yani?

Annesi: Mmm...

1. irem’in sordgu sorular kagisinda zor durumda kalan annesinggalaki sorulari cevaplayarak
yardimcli olunuz.

* Recel yaparken kigeker yerine tozeker kullaniimasinin sebebini aciklayiniz.

» Recelin kagtirilmasi neden gereklidir? Aciklayiniz.

2. 1 kgseker ve 1 kg cilekle yapilan receli: Deniz, t@ker kullanarak yapmwve karstirmamstir;
Ceyda, pudraekeri kullanarak yapmive kargtirmams, Merve ise pudrgekeri kullanarak ve
karistirarakyapmstir. Deniz, Ceyda ve Merve’nin yaptirecellere gore;

* Recellerin tadigeker bakimindan) AYNIDIR/ FARKLIDIR. Cunki,

» Recellerin olma siresi AYNIDIR/ FARKLIDIR. Cunkd,

* Yukaridaki soruya “FARKLIDIR” yanitini verdiysenizecellerin olma siresini kisadan
uzuna dgru siralayiniz.
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Kari simlarin Fiziksel Ozellikleriyle Tlgili Calisma Yaprag! (Koligatif Ozellikler)

Esra,ipek, Sevda, Harun ve Ahmet kamlarin fiziksel 6zellikleriyle ilgili bilgiler vemektedirler. Bu
5 arkadain verdgi bilgileri tartisginiz ve d@ru mu yanly mi olduklarini sebepleriyle birlikte
aciklayiniz.

Esra: “Yemek piirirken tuz bata eklenirse yemek daha ¢cabukep?

Ipek: “100 granyeker ve 200 gram suyla yapilgerbetin kiitlesi 200 gramdir”

Sevda: “Belirli sicaklik ve basingta aseton-su t@sirin yogunlugu bellidir”

Harun: “Antifriz katkili suyun 1 atmosfer basing@ynama noktasi 10 dir”

Ahmet: “Kigin yollara atilan tuz karlarin erimesinigta”
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Tanecik Boyutu Farkindan Yararlanilarak Gelistirilen Ayirma Yéntemleri

Kimya dersinde verilen “diyaliz” konulu performariglevini yapmak icin agarmalar yapan
Ahmet, Diinya bobrek giinii kapsaminda diizenlenenligtkri incelemi ve “diyaliz makinesine
bagli hastalari ziyaret” adl etkirde katilmaya karar verstir. Bu ziyaret sirasinda, diyalizin ne
oldugunu ve nasil yapildini yetkililerden @&renme firsati yakalamtir.

Ahmet: Diyaliz nedir?

Yetkili: Vicutta olgan atik maddeleri vicuttan uzagtiamakla gorevli bébrgn ¢sesitli sebeplerle
gorevini yapamaz hale gelmesi sonucusatak sorunlari dnlemek amaciylgatidan midahale
edilmesine olanak taniyan yonteme diyaliz denir.

Ahmet: Vicutta olgan atik maddeler diyaliz yontemiyle kandan nasalkiegtirilir?

Yetkili: Kan, yararh ve zararli maddelerden @n heterojen kati-sivi kammidir. Tanecik
boyutlari farkli olan maddeleri yapisinda bulundiukan, yari gecirgen zar (membran) yardimiyla
temizlenir.SOyle ki, proteinler biyik molekdlli olgu i¢in zardan gegcemezken, Ure ve Urik asit
gibi zararl ve kicik molekulli bazi maddeler zardisar atilir. Boylelikle, kan temizlenmi
olur.

Ahmet: Oyleyse diyaliz bir ¢gt sizme yontemi midir?

Yetkili: Evet. Diyaliz, Kkoloit kagimlarin gdzenekli zarlardan gecebilmesi temelingadan
¢bzimleme ve aritmalemidir.

== 1.Diyalizin ne oldgunu ve ¢alkma prensibini anlayan Ahmet'in aklina
bir soru takilmgtir. Kum ve su da heterojen bir kam oldusuna
gore, kumlu suyu bikenlerine ayirmak icin kullanilacak en uygun
yontem diyaliz midir? Nedenini aciklayiniz.

—>

2. Homojen kagimlari bilesenlerine ayirmak icin tanecik boyutu farki kullaoilir mi? Nedenini
aciklayiniz.

3. Kati-gaz kamimlari (6rngin; zehirli gazin salingg hava) ayirmak icin sizme yontemi
kullanilabilir mi? Cevabiniz evet ise, suzme yodritden bilesenlerine ayrilabilen kati-gaz
karisimina ginlik hayattan bir 6rnek veriniz.

4. Tanecik boyutu farkindan yararlanilarak gelilen ayirma yontemlerinin (ayiklama, eleme,
suizme, diyaliz) ortak 6zegli nedir? {pucu: kargimlarin siniflandiriimasini giintiniiz)

5. Camurlu suyu siizme yontemiyle imlerine ayirirsak,
a. Suzgec k&idinin tzerinde kalan madde hangisidir? Nedenirklaginiz.

b. Suzgeg k@idindan gecen madde hangisidir? Nedenini agiklayini
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Yogunluk ve Cozunirluk Farkindan Yararlanilarak Geli stirilen Ayirma Yontemleri

1. Su, zeytinygl ve civadan olgan bir karsim ayirma
hunisine koyuldgunda yanda gosterilegekildeki gibi
gorinmektedir.

a.

d.

Bu karsimi bilesenlerine ayirmak igin
karisimi olusturan maddelerin  hangi
Ozelliklerinin farkli olmasindan yararlanilir?

Sekilde gorulen tabakalarirsagidan yukariya
dogru 1, 2 ve 3 numaralariyla temsil edgdi
bilindigine gore, 2 ile gosterilen tabakadak
madde hangisidir?

Toplama kabinda en son toplanan madde
hangisidir? Nedenini aciklayiniz.

Ayirma hunisi yardimiyla hangi ttr kammlar
bilesenlerine ayrilabilir? ipucu: maddelerin
fazini ve kamimlarin siniflandiriimasini
distiniintz)

2. Dogada saf halde bulunan altin madenlerinden altie etinek icin altin, toprak ve suyun
yogunluk farkindan vyararlanilarak gglrilen aktarma yontemi kullanilir. Suspansiyon
karigimlara drnek olan telili su da aktarma ydntemiyle bienlerine ayrilabilir mi? Nedenini
aciklayiniz.

3. Asagidaki tablo K, L, M ve N kati maddelerinin sudakizgintrliklerinin sicakhkla dgsimini
gOstermektedir. Tablodaki bilgileri kullanaragagidaki sorulari cevaplayiniz.

Maddeler Sudaki Coézunurltgu (20°C) Sudaki Cozunurlugu (50°C)
K 36,0 37,0
L Cozinmez CoOzinmez
M 88,0 113,0
N 22,0 15,0
a. K ve L maddelerinden ofan kargimi bilesenlerine ayirirken hangi ayirma yontemini
kullanirsiniz? Nedenini acgiklayiniz.
b. M ve N maddelerinden ojan kargimi bilesenlerine ayirirken hangi ayirma yontemini
kullanirsiniz? Nedenini agiklayiniz.
c. K ve N maddelerinden ojan karsim bilesenlerine ayrilirken hangi madde siizgeg

k&gidinda kalir?
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Kaynama Noktasi Farkindan Yararlanilarak Gelistirilen Ayirma Yontemleri

Etil alkol, aseton ve sudan ghn kargimin bileenlerine ayrilmasina gkin bilgiler iceren
asagidaki sicaklik-zaman grafini kullanarak sorulari cevaplandirinizpgcu: Asetonun kaynam
noktasi etil alkoliin kaynama noktasindan kuc¢uktar).

[<3)

Sicaklie (°C)

L

100

78

55

t1 t2 t3 4 to th zaman(t)

a. Grafige gore 3 zaman diliminde{t,, tz-ts, ts-tg) sicaklik sabit kalngtir. Bu durumun
nedenini aciklayiniz.

b. Grafige gore, 0+ t-t3 ve t-ts zaman araliklarinda sicaklik nasilgdgnektedir? Bu
durumun nedenini aciklayiniz.

c. Etil alkol, aseton ve sudan gan bu kayimi bilesenlerine ayirmak icin hangi yéntemi
kullanirsiniz? Nedenini acgiklayiniz.

d. tyanindan itibaren kagmda hangi maddeler vardir? Nedenini agiklayiniz.

e. tjaninda kagimdan tamamen ayrilan madde hangisidir? Nedenikisagniz.

f.  Metil alkol ve sudan okan bir kargimi da yukaridaki kagim icin dnerdginiz yéntem
ile bilesenlerine ayirabilir misiniz? Nedenini aciklayinid atmosfer basingta metil
alkoliin kaynama noktasi 6& ve suyun kaynama noktasi 1@dir).

g. Sekerli su kagimini bilegenlerine ayirirken hangi yontemi kullanirsiniz? bleidi
aciklayiniz.

h. Sekerli su ve metil alkol-su karmi arasindaki benzerlikler ve farkliliklar nelefdi
(Karigimlarin siniflandiriimasi, kaimi meydana getiren bijenlerin fiziksel halleri ve
bilesenlere ayrilma yéntemlerine gore kiyaslama yapiniz)
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APPENDIX K

QUIZZES

QuUIZ1

1. “D” nin do gru ifadeyi “Y” nin yanh s ifadeyi temsil ettigi asagidaki sekilde, kutularin
icerisinde yer alan bilgilerin dogru veya yanlis olmasina gore devam ederek 8 tane ¢sn
birini i saretleyiniz. Bu sorudan, sectiniz her bir adima gore puan alacaksiniz; 3 dgru
adim isaretleyerek dggru cikisi secenler 60 puan alacak, 2 dgou adim isaretleyenler 40
puan alacak, 1 dgru adim isaretleyenler 20 puan alacak, hichir adimi dgru
isaretleyemeyenler ise puan alamayacaktir.

Ornek: 1. kutuda yer alan bilgi dogru ise Ust taraftaki yanlis ise alt taraftaki kutuya gegcin.
Gectiginiz kutudaki bilgi do gru ise st taraftaki yanls ise alt taraftaki kutuya gecin.
Boylelikle, sgs taraftaki 8 ¢ikistan birini i saretleyin.

Cazeltilerin tamarn sivi D
| haldedir. < )
Eangsimlar her zaman D Yoo
/ i farkl elementten D/ 3
clugur. Y szeltileri olugturan
D ™~ Eilesenler farki fiziksel < }
Homojen hallerde olabilir. Y o4
karigimlar saf < 5
maddedir. Tuzun suyun igerizinde D
Y | erimesivle tuzlu zu < )
N[ Cozeltilerin D | gozeltisi olugur, Y &6
kilegenleri kimwasal 7
Grellikclering korur Y e we sudan olugan bir D
™| karizim heterojendir. < v
]

2. Asagidaki ifadelerin dogru ya da yanls oldugunu uygun yere carpi sareti (X) koyarak
gosteriniz. ifade yanls ise dggrusunu kisaca aciklayiniz. Her bir soru 2 puan dgerindedir.

DOGRU  YANLI S
a. Seker ve su kagtirildigi zamansekerli su adiyla yeni bir ........ ...
madde olgur.

b. Bir maddenin dieri icinde ¢oziinmesi fiziksel bir olaydir.  ........ ...

c. Alkolin suyun icerisinde c¢o6zinmesi esnasinda alkol........  ........
molekaulleri kaybolur.

d. Alasimlari olwturan maddeler kendi o6zelliklerini ........ ...
kaybetmezler.

e. Cozeltiyi olwturan bilgenler farkh fiziksel hallerde ........ ...
olabilir.

f. Tuzlu su c¢oOzeltisinde tuz parcaciklari kabin dieind ........ ...
toplanirken su molekiilleri kabin Gstiinde toplanir.

g. Seker suyun icerisinde erir wekerli su ¢ozeltisi olgur. ... ..l
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3. Asagidaki ifadelerde verilen basluklari doldurunuz. Her bir bo sluk 2 puan degerindedir.

.............. Ve ................. saf maddeler olarak gruplandrkén, ..................... saf
madde dgildirler.

Kukirt ve demir tozunun katirilmasi ile ................. kagim meydana gelir ve
demirin miknatislanma 0zelinden faydalanarak bu iki madde birbirinden tekrar
ayrilabilir. Kukurt ve demir tozu kagmini 1sitip miknatis yakairirsak, kokirt ve
demir tozunu .........ccoiiiiiiin . CUNKD oo

Cozeltilerin tamami sivi halde gildir. .................. kati ¢cozeltilere, ................ gaz
cOzeltilere drnek olarak verilebilir.

4. Asagidaki kavramlari kendi ifadelerinizle tanimlayiniz. Her bir soru 2 puan degerindedir.

a.

b.

Heterojen kagim
Cozelti

Cozunen

Alasim

Cozinme
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QUIZ 2

1. Asagidaki ifadelerde verilen bagsluklari doldurunuz. Her bir bo sluk 2 puan degerindedir.

a. Belirli bir sicaklikta, belirli bir miktar ¢cozicumi ¢ozebilecgi en fazla miktarda
¢6ziinen madde igceren ¢ozeltiye .............c..coeee il ¢cOzeltiiden

b. Cozeltileri doymygluk seviyelerine gore siniflandirabilmek icin ......................

deserinin bilinmesi gerekir fakat ....................... VB i e
¢Ozeltiler, ¢cozici icerisinde ¢ozinen madde miktariaz veya ¢ok olmasina goére
siniflandirihir.

c. Yaz aylarinda baliklarin sularin derinliklerinde sgmasl ................ccceevenennn.
¢ozundrligine etkisiyle aciklanir.

d. Belirli sicaklik ve basingta farkh iki maddeninzgGrl(g0 .............coceeveeennnne.

e. Sicaklgin sabit tutuldgu hareketli pistonda bulunan,@azinin sudaki ¢oziunugu,
piston indirildikge ..................

f. Sabit basingta, 20C ve 60 °C'de bulunan C@ gazinin sudaki c¢ozinurlukleri
karsilastirilirsa 20°C’de bulunan C@gazinin sudaki ¢ézinugi daha .............

g. 1 atmosfer basingta, 26C ve 60 °C’de bulunan NaCl'in sudaki ¢6zunurlikleri
kassilastirilirsa 20°C'de bulunan NaCl'iin sudaki ¢ozuntgliildaha ..................

2. Asagidaki ifadelerin dogru ya da yanls oldugunu uygun yere carpi sareti (X) koyarak
gosteriniz. ifade yanls ise dggrusunu kisaca aciklayiniz. Her bir soru 4 puan dgerindedir.

DOGRU  YANLI S
a. Asirt doymu cozeltiler, tabaninda c¢ozinmeden kalan........ ...
madde iceren c¢ozeltilerdir.

b. Kabin tabaninda c¢6zinmeden kalan madde c¢o6zeltinin...... ...
bilesenidir.

c. Belirli sicaklik ve basingtaki ¢ozunurlUk geri maddelerin - ........ ...
kimliklerinin anlasilmasinda kullanilabilir.

d. Derisik cozeltiler de doymg cozeltiler gibi daha fazla ........ ...
madde ¢cdzemez.

e. Belirli bir sicaklikta doymamngi ¢ozelti ayni zamanda ........  ........
derisik olabilir.

f. Kati maddelerin c¢6zinebilmesi icin ¢6zlcinin sicak....... ...
olmasi gerekir.

g.- Kati bir maddenin belirli bir sicaklikta ve belirlbir ........ ...
¢ozicudeki cozinme hizi kgtirilarak artirilabilir.
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3. K, L, M maddelerinin farkli sicakliklarda bulunan ¢ 6zuctdeki ¢dzindrlikleri ile ilgili

verilen grafigi kullanarak asagidaki sorulari cevaplayiniz. Her bir bosluk 4 puan

degerindedir.
Maddeler 0°C 20°C 40°C 60°C
K 35,7 36,0 36,5 37,2
L 0,335 0,169 0,076 0,050
M 73,0 88,0 104,0 124,0

a. L maddesinin doymu c¢oOzeltisinde kristallgme s@lamak icin ¢ozeltinin sicakh

.................... CUNKU e e e

c. K, L, M maddelerinin fiziksel halleri (kati, sivgaz) ne olabilir?

d. Tabloda verilen bilgileri ve yukari vefghiz cevaplari birlikte dgerlendirerek
maddelerin kati, sivi ve gaz hallerinde c¢ozungiihi sicaklikla nasil dgstigini
aciklayimniz.

4. Asagidaki kavramlarn kendi ifadelerinizle tanimlayiniz. Her bir soru 5 puan degerindedir.

a. Cozundrlak

b. Doymu c¢ozelti

c. Derisik ¢cozelti

d. Doymams ¢ozelti

e. Seyreltik ¢cozelti

f.  Asirn doymu ¢ozelti
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QUIZ 3

1. Asagidaki ifadelerin dogru ya da yanlis oldugunu uygun yere carpi areti (X) koyarak
gosteriniz. ifade yanls ise dggrusunu kisaca aciklayiniz. Her bir soru 4 puan dgerindedir.

DOGRU YANLI S
a. Kati-sivi kargimlarin tamami stizme yontemiyle gmlerine  ........ ...
ayrilabilir.

b. Sizme ybntemi kati-gaz heterojen kamlari bileenlerine ........ ...
ayirmak icin kullanilabilir.

c. Alagimlar tanecik boyutu farkindan vyararlanilar ........ ...
bilesenlerine ayrilabilirler.

d. Kati-sivi heterojen kapmlar suzuldgu zaman kati olan ........ ...
madde filtre k&idinda kalir.

e. Otomobillerde polen filtresi ile havayl sizmgemi kati-gaz  ........ ...
heterojen kagimlari ayirmaya bir drnektir.

f. Diyaliz, buyuk molekulli maddelerin zardansah atilmasi ........ ...
esasina dayanan birsgiesizme yontemidir.

g. Gaz kamgimlari yosunluk farki kullanilarak bilgenlerine ........ ...
ayrilabilir.

h. Deniz suyundan tuz elde ederken ¢oktirme yonteftamatir.  ........ ...

2. Asagidaki ifadelerde verilen bagluklari doldurunuz. Her bir bo sluk 2 puan degerindedir.

a. Tanecik boyutu farkindan yararlanilarak gelilen yontemler ........ ) e T ,
......... Bu dort yontemin ortak ozefi ................coeieiiiiie oo (Ipucu:
karisimlarin siniflandirilmasini gintiniz).

b. Diyaliz ve sizme yontemleri kati-sivi heterojenifanlari bilesenlerine ayirmak igin
kullanihr. Bu iki yéntem arasindaki fark .............coooiiiiiieeicii

c. Swvi-sivi kamgimlarin ayirma hunisi yardimiyla bgenlerine ayrilabilmesi icin
....................... farkli olmasi ve birbiri igerisinde .................. gerekir.

d. Kati-kati heterojen kagimlarin ygsunluk farkina gore bikenlerine ayrilabilmesi icin
eklenecek sivinin ygunlugunun ... olmasi gerekir.

e. Cozundrluklerinin sicaklikla dgsimi farkh olan iki katt maddeyi ayirmak igin .........
yontemi kullanilir.

f.  Kargimlari meydana getiren maddelerin kaynama noktalarasindaki farktan
yararlanilarak gegtirilen ayirma yontemleri .................... ) e e ve
Bu U¢ yontemin ortak 6ze#fi ........................ karigimlari
ayirmak icin kullaniimalaridir.

g.- Kati-sivi homojen kagimlardan sadece kati olan maddeyi elde etmek icin
.................. , hem kati hem de sivi maddeyi elde etmek igk .......................
yontemi kullantlir.
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Sivi-sivi homojen kagimlari bilesenlerine ayirmak igin .................c..ceeenee. yontemi
kullanilir.

Gl cicezsinden gul y@i elde etmek icin kullanilan yontem ...,

3. Asagidaki karigimlari ayirmak icin uygun ayirma yontemleri 6neriniz ve 0©nerinizin
gerekcesini kisaca aciklayiniz. (Kasimlarin ayrilmasi igin birden fazla yontem 6nermenk
gerekebilir). Her bir soru 5 puan degerindedir.

a.

b.

C.

d.

Aseton-tala-su
Nikel tozu-kum
Naftalinseker

NaCl-CaC}

4. Asagidaki tabloda karisimlari ayirmak icin kullanilan 6zellikler ve bu 6zdliklerden
yararlanilarak gelistirilen yodntemlerde kullanilan araclar verilmi stir. Maddelerin
Ozelliklerini ve araclari eslestiriniz. Her bir bo sluk 3 puan degerindedir.

rONE

Tanecik boyutu farki a. Ayrimsal damitma diizege
Yogunluk farki b. Siizgec kaidi
Kaynama noktasi farki c. Filtre

Tanecik boyutu farki d. Ayirma hunisi
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APPENDIX L

GROUP OBSERVATION FORM

GRUP GOZLEM FORMU

Grup go6zlem formu,sbirlikli 6 grenme ydnteminden verim elde edebilmek i¢in gerekdin temel
ilkeleri kapsayan ciimlelerden ghaaktadir. @rencilerin takim cagmalari sirasinda sergiledikleri
davranglarin ne derece etkili olgunu kontrol etmek ve geri donit vermek amaciylgretinen
tarafindan her bir yapilandiriigiisbirlikli & grenme grubu icin doldurulacaktir. Verilen ctumleleri
dikkatle okuduktan sonra, “Hicbir zaman”, “Bazentya “Her zaman” derecelerinden birini
isaretleyiniz.

Sinif:
Konu:

Grup Adr:

Hicbir
Zaman
Bazen
Her
Zaman

1. Ogrenciler, bireysel olarak test edilmeden 6énce tiinpg
tyelerinin konuyu grendiginden emin oluyor.

2. Etkinliklere tim grup Uyeleri katihyor ve grupdaklarinin
bilinciyle takim calgsmasi yurattyorlar.

3. Ogrenciler, yardima ihtiyaci olan grup tyelerini fattiyor ve
anlamalarina yardimci oluyor.

4. Ogrenciler, birbirlerinin séylediklerini dinliyor, diiincelerine
saygl duyuyor ve grup camasi i¢in gerekli olan kaynaklari
(calisma k&di, kitap, vb.) paylayorlar.

5. Ogrenciler, anlamakta zorlandiklari kisimlagrétmene
sormadan 6nce, Ust diizeydime becerileri kullanarak kendi
aralarinda ¢c6zmeye cglyor.

6. Ogrenciler, fikir ayriliklarina ditiikleri konular tizerine yapici
tartismalar yuratiyor ve grup kararini demokragékilde aliyorlar.

7. Osrenciler etkinlikler sonunda grugléyisini degerlendiriyorlar.
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APPENDIX M

WHAT HAPPENED IN THE GROUP QUESTIONNAIRE

“GRUPTA NE OLDU” ANKET i

“Grupta Ne Oldu” anketi, grup camalariniz sirasinda yananlari grubunuzla birlikte
deserlendirmeniz amaciyla hazirlargtr. Verilen cumleleri dikkatlice okuduktan sonrédditbir
zaman”, “Nadiren”, “Bazen”, “Siklikla”, “Her zamarseceneklerinden birisingaretleyiniz.

Sinif:

Konu:

Grup Adi:
=1 c © c
582 |9 |% |58
ofls |8 |2 | 2§

a <

IN = N N

1.Grup Uyelerinin kongma 6zgurlgl

2.Grup uyelerinin birbirlerinin s6zinu kesmesi

3. Grup uyelerinin birbirlerini dinlemesi

4.Grup Uyelerinin anlamadiklari kisimlari sormasi

5. Grup uyelerinin fikirlerini paylgmasi

6. Grup uyelerinden birisinin baskinlik kurmasi

7.Grup uyelerinin dierlerinin ihtiyaclarina duyarli olmasi

8. Grup Uyelerinin birbirlerinin déiincelerini dikkate almas

9. Grup Uyelerinin alinan kararlarda hemfikir olmasi

10. Grup Uyelerinin grup olma bilincinde olmasi

11. Grup Uyelerinin yeni arkagbklar kurmasi

12. Grup Uuyelerinin ihtiyaci olan grup (yesine yardimci
olmasi

13. Grup uyelerinin birlikte ¢cagmasi

14. Grup uyelerinin grupla birlikte oldiunda kendini iyi
hissetmesi
15. Grup uyelerinin birbirlerine yardim etmesi
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APPENDIX N

HANDOUT FOR THE TEACHER

Isbirligine dayali @renme yontemi, grencilerin hem kendi grenmelerinin hem de takim
arkadalarinin &renmelerinin sorumlulgunu alarak ortak bir ama¢ gimltusunda, kucgik gruplar
halinde camasi esasina dayanmaktadir. “Birimiz hepimiz, héplmirimiz” anlaysiyla takim olarak
calsabilme ve takim ruhunu sdrdurebilme, modern hayatgum salayabilmeleri icin
ogrencilerimizde kazandirmak istétniz en temel hayat becerilerindendigbirlikli 6 grenme ile her
bir 6grencinin daha iyi grenmesi desteklenirken, ayni zamanda olumlu tutefistyme ve sglikh
iletisim kurma ozellikleri geltirilir. Isbirligine dayali @grenme yonteminin ger faydalari gagida
siralanmgtir: (Saban, 2002, 204-205)

+ Isbirligine dayali @renme, @rencilerin motivasyonunu artirir.

+ Isbirligine dayali grenme, bir gruptaki bireylerin birbirlerindengi@nmelerine firsat
tanir.

+ Isbirligine dayali @renme sirecindegpencilerin birbirleriyle olan etkilgmleri, zihinsel
aktivitelerin yagzun oldusu bilissel ve sosyal ¢ama ortamlarini dgurur.

+ Isbirligine dayal @grenme, @rencilerin @renme-@retme siirecinde kendilerini yalniz
ve soyutlanmy olarak hissetmelerini engeller.

+ Isbirligine dayali @renme, @rencilerin birbirlerine kan olumlu hisler gektirmelerini
sgilar.

+ Isbirligine dayali @renme, @rencilerin kendilerine olan 6zgtvenlerini artirir.

+ Ishirligine dayali @renme, @rencilerin sosyal becerilerini giirir.

+ Isbirligine dayali @renme, @rencilerin kendi grenmelerinden sorumlu olmalarini
sgslar.

Fakat kucuk gruplar halinde yuriatilen bitin gahlar gbirlikli 6 grenme grubu déldir, geleneksel
o6grenme grubu, yapilandirimagrigbirlikli 6 grenme grubu veya yalancg@nme grubu da (pseudo-
learning group) olmasi mimkiindiir.g@ncilerin grup oturma diizeninde oturarak sadeaadike
ogrenmelerinden sorumlu ol@u, grup olarak tamamlanmasi gereken etkinlikleinkdy Gzrencinin
calismasi ile tamamlangh ve digerlerinin ¢aba sarf etmeden ayni notu glde dngoriilen ilegim ve
ishirliginin sgglanmadgl gruplar gbirlikli 6 grenme grubu olarak nitelendirilemez. Nitelikli bir
ishirlikli 6 grenme grubunda yapilandiriimasi gereken ilkgleyledir: olumlu b&mlilik, bireysel
sorumluluk, yiiz yize destekleyici etlim, sosyal beceriler ve grupleyisinin deserlendirilmesi.
Isbirlikli 6 grenme gruplarinda yapilandiriimasi gereken ilketeilkelerin tanimlari igin Tablo N.1'e
bakiniz.

Tablo N.1isbirli gine dayali @renme yonteminin ilkeleri

ilke Tanim

Olumlu Amagc| Grubun amacina wabilmesi i¢in bireysel barilarin yetersiz olagani

Bagimhli g ve grup olarak kgarli olunmasi gerekgini algilayarak grup Gyelerinin
birbirlerinin 6srenmesinde sorumluluk almasidir.

Olumlu Odul| Ayni grupta yer alan gencilerin tamamina ayni 6dalin (notun)

Bagimhli g verilmesidir.

Olumlu Rol | Grubun amacina wabilmesi i¢in her bir Gyeye, birbirlerindenguansiz

Bagimhli g rollerin verilmesi ve bu rollerin her etkinlikte gigtiriimesidir.

Olumlu Kaynak| Gruba sinirh sayida materyal yada bilgi vererelelégyn ortaklaa

Bagimhli g kullanmasini sdamaktir.
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Tablo N.1 (devami)

ilke Tanim

Bireysel Sorumluluk Grubun amacina gabilmesi icin her bir Uyenin soruml@unu yerine
getirmesidir. Grubu okturan @renci sayisinin 5'i ge¢cmemesi, her bir
Uyenin bireysel olarak test edilmesi, grubun ort&lvabini sunmasi igin
gruptan tesaddfi bir g@ienci secilmesi, gretmenin duzenli olarak grup
calismalarini gozlemlemesi, her grupta kontrol ediciun@ sahip bir
dgrencinin bulunmasi gibi yontemlerleg@ncilerin bireysel sorumlufiu
yapilandirilabilir.

Destekleyici Etkilgim Uyelerin birbirlerini digiinmeye yonlendirmesi, asgléamayan yerleri
aciklamasi ve yardim istemesi, geri bildirim glsanasi, ortak amag
dogrultusunda ilerleyen uyelerin cesaretlendiriimasiateryal ve bilginin
paylgilmasi ve guveniligekilde davranmasidir.

Sosyal Beceriler Uyelerin birbirlerine saygi duyma® guvenmesi, demokratik bicimde
ortak karar almasi, bisel catgmalari yapici bicimde ¢6zime siamasi,
yardim etmesi ve gerektnde yardim istemesi, dinlemesidir.g@ncilere
grup ¢algmasindan 6nce sosyal beceiitieni saglanmalidir.

Grup Isleyisinin | Grup Uyelerinin ortak amaca wghbilmek icin nasil daha verimli

Degerlendirilmesi calisabilecekleriyle ilgili tartgmasidir. Grup ¢caimalari bittikten sonra neyji
dogru veya neyi yan$l yaptiklarini dguniip tartgmalari icin gruplara sure
taninmahdir.

Isbirligine dayali grenme yontemini sinif igerisinde uygulamaya koynaakaciyla bircok strateji
gelistirilmi stir. Ogrenci Takimlari-Bgari Bolimleri (OTBB), §birlikli 6 grenme yontemleri arasinda
kullanimi en kolay strateji olgiw ve bircok derse ve sinif seviyesine uyarlanagilidin ekonomik
bir stratejidir. OTBB stratejisindegpetmen sunumu, takim cginasi, bireysel test, bireysel ilerleme
puani ve takim takdiri basamaklari sirasiyla binbiakip eder. Derslerg@ietmenin o derstelenecek
konuyla ilgili 6grencileri bilgilendirmesiyle bgar. Ogretmen sunumunun icgij gruplarin tzerinde
calsaca calsma yapraklarinin vegiencilerin bireysel olarak girecekleri testlerirpkamina uygun
olacaksekilde planlanir. Kapsanacak konunurgyoluguna gore 15-30 dakika stren sunumdan sonra
Ogrencilere, @retmenin 6nceden belirledigruplarla bir araya gelmeleri ve kiime oturma dhize
gecmeleri soylenir. Gruplara ¢gha yapraklari datiir ve grup olarak tamamlamalari igin 10-15
dakika sure verilir. Sure bitimindegienciler bireysel olarak test edilirler ve byamada takim
arkadalarinin birbirlerine yardim etmemesi beklenir. 1®-dakika sirecekekilde hazirlanan testler
bitirildikten sonra toplanir ve bir sonraki dersadir @retmen tarafindan puanlanir. Surecigibda
her bir @&renci icin hesaplanan dangi¢ puanini, testten alinan puandan gikarmadtigle bireysel
ilerleme puani saptanir. Grupta bulunan her birdgiteme puani toplanarak, takim ilerleme puanlari
hesaplanir. En fazla ilerleme gosteren takim veybilan panosundan duyurulurgf@tmen, en fazla
ilerleme goOsteren takim Uyelerinin birbirlerininshalarini takdir etmesi yéniinde bireylerisiik
eder.

Bu calsmada, dokuzuncu sinitencilerinin kargimlar konusunu anlamalari ve motivasyonu tzerine
ishbirlikli 6 grenme varyasyonlarinin, geleneksegrgiim yodntemine kiyasla etkisini incelemek
amaclanmgtir. Bu amaca ulanak icin kbirligine dayali grenme yonteminin tim ilkelerinin
hassasiyetle ggandgi yapilandiriimg isbirlikli 6 grenme gruplari (YOG), ibirligine dayali grenme
yonteminin bazi ilkelerinin gefi gizel sglandigl yapilandiriimany isbirlikli 6 grenme gruplar
(YIOG(-)) ve geleneksel gietimin uygulandii kontrol gruplart (KG) olgturulmustur. KG’nda
isbirligine dayali @grenme yontemi uygulamalarinagigilmezken, YOG ve IOG(-)'nda kbirli gine
dayali @renme yontemi uygulamalarina yer verilecektiiOG ve YIOG(-)'nda dersler OTBB
stratejisinin basamaklarina gorglenecek ve her iki grupta da kavramsalgiden kosullari
gozetilecektir. Kavramsal @aim kosullarinin gozetilmesi ve derslerin OTBB metoduygenmesi
YIOG ve YIOG(-)nin ortak o6zellikleriyken, bu iki grupshirligine dayali @enme yontemi
ilkelerinin yapilandiriimasi agisindan cok farklygwlamalar icermektedir. Tablo N.2,i®G ve
YiOG(-)nda ilkeler yapilandirihirken nasil farklilikolusturuldusunu  kagilastirmali  olarak
sunmaktadir.
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Tablo N.2 Yapilandiriimgive yapilandirilmaniisbirlikli 8 grenme gruplarinin kalastiriimasi

Yapilandirilms Isbirlikli O grenme Grubu Yapilandiriimagi  Isbirlikli O grenme
Grubu
Ogrenciler sosyal becerggimi alir. Ogrenciler sosyal becerpgimi almaz.

4 kisiden olwan heterojen (cinsiyet ve fm1 4 kisiden olgan homojen gruplari
dizeyine go6re) gruplar gtetmen tarafindan 6grenciler kendileri secerler.

belirlenir.

Ogrenciler gruplarina isim verir. Ogrenciler gruplarina isim vermez.

Takim calgmalari sirasinda grup oturma dizeninBakim calgsmalari sirasinda grup oturma

gecilir. dizenine gegilir.

Her &renci i¢in balangi¢ puani belirlenir. Her Grenci icin balangic puani belirlenir.
Dersler @retmen sunumuyla kkar. Dersler @retmen sunumuyla kkar.
Ogrenciler calma yapraklarini tamamlamak icinOgrenciler cagma yapraklarini
takim calgmasi yarutdr. tamamlamak icin takim ¢amasi yuratar.

Takim calsmalari sirasinda, gbetilen sosyal Ogrenciler sosyal becerggimi almaz.
becerilerin sik¢a kullaniimasi igin tyeler guduteni

Ogrenciler hem kendilerinin  hem de takinOgrenciler sadece kendi gtenmelerinin
arkadalarinin &grenmesinden sorumludur. sorumlulg@gunu alir.

Takim arkadglari birbirlerini dizlinmeye sevkeder, Ogrenciler arasinda destekleyici etkila
yardim eder ve gereginde yardim ister. yoktur.

Grup uyelerinin her birine roller verilir ve herSadece grup lideri belirlenir ve lidegr@nci
etkinlikte roller deistirilir. surecin sonuna kadar gstiriimez.

Grubun ortak cevabini sunmasi igin grupta@rubun cevabini sunmaya gonulli olan,

tesadufi bir @renci secilir. caliskan @renciler segilir.

Gruplara iki adet cadma kazidi verilir. Gruplara dort adet cama kaidi verilir.
Ogrenciler bireysel olarak test edilir. Ogrenciler bireysel olarak test edilir.
Bireysel ilerleme puanlari hesaplanir. Bireysel ilerleme puanlari hesaplanir.

Ayni grupta yer alan grencilerin tamamina ayniAyni grupta yer alan gencilere ayni not

not verilir. verilmez, bireyler sadece kendi ilerleme
puanina gore dgerlendirilir.

En fazla ilerleme goOsteren takim(lar) panoda ildin fazla ilerleme gosteren birey(ler) panoda

edilir. ilan edilir.

En fazla ilerleme go6steren takimin (yelefen fazla ilerleme gosteren birey kendi
basarilarini birlikte kutlar. basarisini kutlar.

Dersler gruplarin “Grupta Ne Oldu” adh o6fge “Grupta Ne Oldu” adli 6lgek doldurulmaz.
doldurmasiyla biter.

Ogretmen “Grup Gozlem Formu” adli Olgie “Grup Gozlem Formu” adli  olgek
doldurarak elde efti sonuclart rencilerle doldurulmaz.

paylair.
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Ogretmen, YOG ve YIOG(-)'nda rehber gorevi Ustlenir. Bilimsel bilgiedogrudan @rencilere
aktarmak yerine bilimsel olaylarin nedenlerinidimelerini sglayacak sorular soraralggencilerin
anlamli @renmesini destekler. Grup gahalar sirasinda etkinliklerdeki sorularla gkl karmaa
yasayan @rencilere ipuglar vererek @ou cevaplarin gruplar tarafindan taarak bulunmasini
sglar. Grup caljmasi sirasinda hangi gruplarin ve Uyelerin neleaptiklarint ve neleri
yapamadiklarini diizenli olarak gozlemler véO%’'ndaki her bir grup icin “Grup Gozlem Formu”
doldurur. Olgekte elde egii kayitlari dersin sonunda geri bildirim amaciylgréncilerle paylair.
Sosyal becerilerin sik¢a kullaniming¥ék eder. Dersi 6zetleyerek bitirir ve bgaanada grencilerin o
derste @rendikleri bilgileri pekgtirmeyi, bilginin anlamli hale gelmesini hedefler.

YiOG'nda yer alan grencilerden ve YOG(-)'nda yer alan grencilerden beklenenler farkllik
gostermektedir (bkz. Tablo N.2). Ancak her iki gaupda @rencilerin anlaml @grenmesi
desteklenmekte ve sahip olduklari kavram yanilmlagidermek hedeflenmektedir. Grup gaialari
sirasinda grencilerin Uzerinde cafiklari ¢alsma yapraklari, kavramsal gigimin kosullari olan
“memnuniyetsizlik” (dissatisfaction), “anddirhk” (intelligibility), “akla yatkinlik” (plausibility) ve
“verimlilik” (fruitfulness) saslamayi amagclamaktadir. gencilerin sahip olmasi muhtemel kavram
yanilgilarinin yer aldy etkinlikler ile &rencilerde ©ncelikle memnuniyetsizlik yaratmak
amaclanmgtir. Memnuniyetsizlik ygayan @rencilerin ise takim arkadiari ile gory paylagarak,
birbirlerini disinmeye ve daha ¢ok bilgiye gtaaya sevk ederek, dinleyerek, tgatak, demokratik
bir sekilde ortak kararlar alarak, ¢cghalar yapici bigekilde ¢ozerek, birbirlerine nitelikli yardimlar
vererek ve gerektinde yardim isteyerek tekrar dengeye dénmeleriglasaak amaclanmaktadir.
Diger bir ifadeyle, OTBB stratejisinin takim gahasi aamasinda, kavramsal g@gim kosullarini
sgzlamak hedeflenmektedir. Grup gathasi sirasindagdenilen bilgilerin daha anddir, akla yatkin ve
verimli olmasi i¢in gretmen ders sonundg@réncilere sorular sorar ve gergitide kendisi aciklar.
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Table O.1 The percentages of students’ correcoresgs for each item on the post-Mixtures Concept

APPENDIX O

Test
Response Percentage (%)
Item Number Alternative Structurgd Unstructur_ed Control
Cooperative Cooperative Group
Learning Group Learning Group
1 0 1.7 0
2% 100.0 71.2 80.0
3 0 27.1 20.0
1 A 0 0 51
B 0 33 0
C* 96.6 76.7 69.0
D 34 20.0 25.9
Total 96.6 48.3 51.7
1 0 0 0
2 0 1.8 15.8
3* 100.0 98.2 84.2
2 A* 96.6 85.7 72.4
B 0 0 0
C 0 8.9 155
D 3.4 54 12.1
Total 96.6 71.7 69.0
A 0 12.2 2.0
3 B 34 25.7 15.2
C 0 13.8 6.9
D* 96.6 48.3 75.9
A 0 8.3 0
4 B* 100.0 61.7 67.2
C 0 1.7 3.4
D 0 28.3 29.4
A 6.9 6.8 5.2
5 B 5.2 51 55
C 0 23.1 23.8
D* 87.9 65.0 65.5
A 0 0 2.0
6 B* 94.8 70.0 70.7
C 5.2 20.0 22.4
D 0 10.0 4.9
1 10.3 32.1 26.3
2% 89.7 67.9 73.7
A 20.6 47.0 34.5
7 B 0 3.0 0
C* 79.4 50.0 65.5
D 0 0 0
Total 79.3 45.0 62.1
A 0 3.3 3.4
8 B* 94.8 93.3 89.7
C 5.2 3.4 34
D 0 0 3.5
A 0 8.5 19.0
9 B 12.1 24.8 22.4
Cc* 87.9 65.0 58.6
D 0 1.7 0
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Response Percentage (%

Item Number Alternative Structurgd Unstructur_ed Control
Coo_peratwe Coo_peratwe Group
Learning Group Learning Group
A 0 13.3 7.2
10 B 0 1.7 7.1
C 34 21.7 28.8
D* 96.6 63.3 56.9
1 10.3 37.9 27.6
2% 89.7 62.1 72.4
A 0 0 0
11 B 10.3 43.4 42.9
C 0 0 0
D* 89.7 56.6 57.1
Total 89.7 46.7 55.2
A 0 5.3 8.7
12 B 10.3 29.8 6.9
C 121 10.5 3.4
D* 77.6 51.7 81.0
A 3.4 0 5.1
13 B 3.4 30.9 19.0
C* 86.2 45.0 56.9
D 7.0 22.1 19.0
A 0 5.0 6.9
14 B* 100.0 95.0 82.8
C 0 0 6.9
D 0 0 3.4
A* 96.6 60.0 62.1
15 B 0 10.1 10.3
C 0 0 3.4
D 3.4 29.9 24.2
1 6.9 3.5 0
2% 93.1 96.5 100.0
A 0 8.5 3.4
16 B 0 0 0
C* 96.6 89.8 96.6
D 3.4 1.7 0
Total 96.6 83.3 96.6
1* 84.5 57.4 70.7
2 15.5 42.6 29.3
A 0 11.6 19.0
17 B* 82.8 55.0 65.5
C 3.4 1.7 5.2
D 13.8 31.7 10.3
Total 81.0 50.0 65.5
A 0 0 111
18 B 0 18.2 22.0
C 0 8.5 4.8
D* 100.0 73.3 62.1
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Table O.1 (continued)

Response Percentage (%)
Item Number Alternative Structurgd Unstructur_ed Control
Cooperative Cooperative Group
Learning Group Learning Group

1 31.0 57.9 78.6
2 6.9 8.8 10.7
3* 62.1 33.3 10.7
19 A 44.8 54.1 68.0
B* 44.9 32.7 20.4
C 10.3 9.1 10.4

D 0 4.1 1.2

Total 44.8 23.3 6.9
1* 87.9 58.2 69.6
2 121 41.8 30.4

A* 56.9 18.3 22.4
20 B 224 717 63.8
C 20.7 6.7 12.1

D 0 3.3 1.7
Total 56.9 16.7 22.4

1 0 5.0 0
2* 100.0 75.0 76.4

3 0 20.0 23.6

21 A 6.9 13.8 16.4

B 0 52 3.6

C 0 0 16.4

D* 93.1 81.0 63.6
Total 93.1 70.0 51.7

A 0 3.3 3.6

22 B 0 8.3 1.8
C* 100.0 80.0 86.2

D 0 8.4 8.4
1* 82.8 61.7 64.3
2 17.2 38.3 35.7

A* 65.5 69.0 76.8

23 B 0 0 1.8
C 34.5 29.3 21.4

D 0 1.7 0

Total 48.3 28.3 39.7

A 1.4 5.0 1.8

24 B* 89.7 40.0 63.8
C 7.4 49.0 32.0

D 15 6.0 2.4

A 0 20.9 24.7

o5 B 0 3.4 16.0
C* 96.6 56.7 41.4
D 3.4 19.0 17.9
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