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ABSTRACT

USING THE SCIENCE WRITING HEURISTIC APPROACH TO PROMOTE
STUDENT UNDERSTANDING IN CHEMICAL CHANGES AND MIXTURES

Kingir, Sevgi
Ph.D., Secondary Science and Mathematics Education
Supervisor  : Prof. Dr. Omer Geban

Co-Supervisor : Assoc. Prof. Dr. Murat Giinel

February 2011, 219 pages

The purpose of the present study was to investigate the effect of Science Writing
Heuristic (SWH) approach on 9™ grade students’ understanding of chemistry
concepts and chemistry achievement in chemical changes and mixtures units. Four
9™ grade classes taught by the two chemistry teachers from a public high school were
selected for the study. Each teacher’s one intact class was assigned as the
experimental group and the other class was assigned as the control group. Students in
the experimental group were instructed by the SWH approach, while those in control
groups were instructed with traditionally designed chemistry instruction. Tests
measuring students’ conceptual understanding and achievement in the units of
chemical changes and mixtures were administered as pre-test and post-test to
students in both groups, and a test measuring students’ attitudes toward chemistry
was administered to students in both groups at the beginning of the instruction. At
the end of the instruction, semi-structured interviews were conducted with 13
students from experimental group and 8 students from control group. The

quantitative data were analyzed by using Multivariate Analysis of Covariance

v



(MANCOVA). The results revealed that the SWH approach was superior to the
traditional approach on students’ understanding of the concepts in the units of
chemical changes and mixtures. In addition, interview results indicated that students
in experimental group demonstrated better scientific understanding of chemical
change and mixture concepts compared to those in control group. The interview
results also showed that students in experimental group developed positive attitudes

toward chemistry and SWH approach.

Keywords: Science writing heuristic approach, chemistry education, 9" grade

students
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ARGUMANTASYON TABANLI BiLIM OGRENME YAKLASIMININ
OGRENCILERIN KIMYASAL DEGISIM VE KARISIM KAVRAMLARINI
ANLAMALARINI SAGLAMADA KULLANILMASI

Kingir, Sevgi
Doktora, Ortadgretim Fen ve Matematik Alanlar1 Egitimi Boliimii
Tez YOneticisi : Prof. Dr. Omer Geban

Ortak Tez Yoneticisi: Dog. Dr. Murat Giinel

Subat 2011, 219 sayfa

Bu ¢alismanin amaci Argiimantasyon Tabanli Bilim Ogrenme (ATBO) yaklagiminin
9. smif o&grencilerin  kimyasal degisim ve karisimlar initelerindeki kimya
kavramlarmi anlama diizeylerine ve kimya basarilarina etkisini geleneksel kimya
Ogretim yontemine kiyasla incelemektir. Bir genel lisede iki 6gretmenin girdigi dort
smif aragtirmanin 6rneklemini olusturmaktadir. Her 6gretmenin bir sinifi rastgele
deney grubu olarak digeri ise kontrol grubu olarak atanmistir. Deney gruplarindaki
ogrencilere ATBO yaklasimi kullanilarak kimyasal degisim ve karisimlar konulari
ogretilirken kontrol grubu o6grencilerine aym1 konular geleneksel kimya Ogretim
yaklasimi kullanilarak G6gretilmistir. Arastirmanin baslangicinda hem deney grubu
hem de kontrol grubu o6grencilerine kimyasal degisim ve karisimlar konularinda
kavramsal anlamalarini 6lgen bir kavram testi ve yine bu konulardaki basarilarini
Olcen bir basar1 testi uygulanmistir. Bu testler ayn1 zamanda arastirma sonunda her
iki gruptaki grencilere son-test olarak verilmistir. Ogrencilerin kimyaya ydnelik
tutumlarmi Olgen test biitiin gruplara 6gretimin basinda uygulanmistir. Arastirmanin

bitiminde deney grubundan 13, kontrol grubundan da 8 &grenci ile yari-
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yapilandirilmig goriismeler yapilmistir. Arastirmadan elde edilen nicel veriler Cok
Degiskenli Kovaryans Analiz (MANCOVA) yontemi kullanilarak analiz edilmistir.
Sonugta, geleneksel yonteme kiyasla, ATBO yaklasimmin 9. smif &grencilerin
kimyasal degisim ve karisim kavramlarini anlama diizeylerinde daha etkili oldugu
bulunmustur. Ayrica, goriismeden elde edilen sonuglara goére deney grubundaki
Ogrencilerin  kontrol grubundakilere kiyasla kimyasal degisim ve karisim
kavramlarini anlamalarinin daha iyi oldugu tespit edilmistir. Goriisme sonuglart,
deney grubundaki ogrencilerin hem kimya dersine hem de ATBO yaklasimma

yonelik olumlu tutumlar gelistirdiklerini de gostermistir.

Anahtar kelimeler: Arglimantasyon tabanli bilim 6grenme yaklagimi, kimya egitimi,

9. smif 6grencileri
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CHAPTER 1

INTRODUCTION

The ultimate goal of science teaching in today’s modern age is the development
of students’ scientific literacy. Many definitions of scientific literacy have been made
because of its complex and dynamic nature. Scientific literacy can be defined as “the
knowledge and understanding of scientific concepts and processes required for personal
decision making, participation in civic and cultural affairs, and economic productivity”
(National Research Council, 1996, p. 22) or “the capacity to use scientific knowledge,
to identify questions, and to draw evidence-based conclusions in order to understand
and help make decisions about the natural world and the changes made to it through
human activity” (OECD, 2003, p. 133). Realizing the importance of scientific literacy
for future citizens, many efforts have been made for improving scientific literacy. There
has been made substantial changes in curricula of many different countries including
Turkey. The revision of the curriculum development process started in 2004 and
encompassed all the learning domains at elementary and high school levels. Scientific
literacy is defined in Turkish Science and Technology Curriculum as “the combination
of scientific knowledge, attitudes, values, capabilities and understandings necessary for
life-long learning, maintenance of curiosity, and development of inquiry, problem-
solving, critical thinking and decision-making skills of the individuals” (Ministry of
National Education, 2004, p. 3).

In Turkey, the revision of the curriculum development was done along with the
ideas of constructivism to achieve the goals of scientific literacy. Constructivism is a
learning theory, which is used widely in science education community. In

constructivism, learning is defined as the active construction of meaning and it involves
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a change in the learner’s conceptions. For this reason, learners are not viewed as passive
recipients of knowledge; rather they are seen as responsible for their own learning.
Because knowledge is constructed individually, knowledge is not objective, there are
multiple realities. Students’ construction of the meaning is also influenced by the social
context. Classroom environment acts as a complex social context for learning. Students
negotiate meaning through the interaction with their peers and teachers. As students
engage in discussions about the concepts and share their understandings, they resolve
the conflicts between the new and prior conceptions. By this way, new ideas can be
integrated to the existing cognitive structure (Driver, 1988).

According to constructivist view, the characteristics of individuals influence
their learning as much as the teacher and school (Yager, 1991). This idea highlights the
importance of students’ prior knowledge for their subsequent learning. Students’ prior
conceptions originate from previous classes and personal experiences acquired from
observation, television, internet and social settings. These conceptions may facilitate or
hinder their further learning. When students’ prior conceptions are not congruent with
the scientifically accepted conceptions, then they are usually referred as misconceptions
(Nakhleh, 1992). These kinds of ideas are also labeled as alternative conceptions
(Hewson & Hewson, 1983), children’s ideas (Osborne & Wittrock, 1983),
preconceptions, intuitions, alternative frameworks, and naive theories (Driver, 1988).

One common goal of research in science education is to identify students’
misconceptions and develop teaching strategies for the elimination of the specified
misconceptions. The strategies based on conceptual change approach are widely used
for the purpose of the remediation of students’ misconceptions. According to conceptual
change approach developed by Posner, Strike, Hewson, and Gertzog (1982), learning is
the interaction between prior knowledge and new information. The process of learning
depends on the degree of the integration of prior knowledge with the new information.
If individuals know little about the subject matter, new information is easily embedded
in their cognitive structure (assimilation). In contrast, if a person has stronger beliefs

and knowledge, there are two possibilities. If these stronger ideas are consistent with the
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new information, then new conceptions are easily integrated to the existing knowledge
but if these stronger ideas are conflicting with the subject matter, then a set of
conceptual change conditions are required for the acquisition of new knowledge
(accommodation). Posner et al. (1982) focused on the more radical change,
accommodation, and suggested four conditions, which must be met for this type of
change to occur: (a) there must be dissatisfaction with currently held concept, (b) the
new concept must be intelligible, (c) the new concept must be plausible, and (d) the new
concept must be fruitful. Pintrich, Marx, and Boyle (1993) put forward an alternative
view to the model of conceptual change proposed by Posner et al. (1982) by considering
the importance of affective and contextual factors in explaining student learning and
conceptual change. According to Pintrich et al. (1993), supporting the conditions of
conceptual change is necessary but not adequate for conceptual change to occur.
Students’ affective characteristics and classroom contextual factors also have a role in
conceptual change.

Various instructional methods can be used for the elimination of misconceptions.
The strategies involve the use of conceptual change approach are very effective in that
they help students change their misconceptions and acquire scientific conceptions (Niaz,
2002). To promote understanding of scientific concepts or elimination of
misconceptions, there are various strategies, such as cooperative learning (e.g., Bilgin &
Geban, 2006), analogies (e.g., Calik, Ayas, & Coll, 2009), refutational texts (e.g., Hynd,
McWhorter, Phares, & Suttles, 1994), conceptual change texts (e.g., Onder & Geban,
2009), combination of conceptual change texts with analogy (e.g., Pabugcu & Geban,
2006), combination of conceptual change texts with concept mapping (e.g., Uzuntiryaki
& Geban, 2005), combination of analogies with hands-on activities (e.g., Cetin, Kaya,
& Geban, 2009), learning cycle (Ceylan & Geban, 2009), and common knowledge
construction model (Ebenezer, Chacko, Kaya, Koya, & Ebenezer, 2010). Apart from
these strategies, the Science Writing Heuristic (SWH) approach can be used in order to
promote the students’ acquisition of the scientific concepts (Keys, Hand, Prain &

Collins, 1999).



The SWH approach is grounded on the constructivist philosophy because it
encourages students to use guided inquiry laboratory activities and collaborative group
work to actively negotiate and construct knowledge. SWH 1is not just a tool used for
writing the laboratory reports but rather an argument-based inquiry because it
successfully integrates inquiry activities, collaborative group work, meaning making via
argumentation and writing-to-learn strategies. SWH consists of a teacher template and a
student template. Teacher template includes a series of activities, which can be used for
the design of the learning environment based on the SWH approach. The activities
provided in teacher template are: a) exploration of prior learning, b) engagement in pre-
laboratory activities, ¢) doing the laboratory activity, d) negotiation — interpretation of
the data and observations individually, e) negotiation — sharing individual
interpretations in the group and developing group interpretation of data and
observations, f) negotiation — comparison of the interpretation developed based on data
and observations with the textbook and experts, like teacher, g) negotiation — writing
SWH laboratory report individually, and h) discussion of the concepts mentioned in the
classroom. The negotiation activities are the central part of the SWH because learning
occurs through the negotiation of ideas. Students negotiate meaning from experimental
data and observations through collaboration within and between groups. Moreover,
student template involves the structure of argumentation known as question, claim and
evidence. Students can use this template in both writing their laboratory reports or
participating in the classroom or laboratory activities. Reflective writing scaffolds the
integration of new ideas with prior learning. Students focus on how their ideas changed
through negotiation and reflective writing which helps students to confront with
misconceptions and construct scientifically accepted conceptions (Burke, Greenbowe &
Hand, 2005; Hand, Norton-Meier, Staker, & Bintz, 2009). The SWH approach focuses
on the development of scientific thinking and reasoning, as well as metacognition,
where learners are able to monitor their own learning (Greenbowe, Hand, & Rudd II,

2008).



In education, it is very important to take into account both cognitive and
affective factors. Attitude is one of the important affective constructs influencing
student learning. The relation between attitudes of students toward subjects and
achievement in science has been investigated by many researchers (e.g., Papanastasiou
& Zembylas, 2004). Several of them found that there is a positive low relationship
between attitude and achievement in science (e.g., Salta & Tzougraki, 2000). Students’
attitudes toward science can be improved by using effective science instruction
(Uzuntiryaki, 2003).

Students’ misconceptions and learning difficulties constitue a major barrier for
their learning in various chemistry topics (Garnett, Garnett, & Hackling, 1995). Some
studies have shown that students struggled with learning chemical changes and mixtures
(Ayas & Demirbas, 1997; Eilks, Moellering, & Valanides, 2007) and they held some
misconceptions in the concepts of chemical changes (Ahtee & Varjola, 1998;
Andersson, 1986; Barker & Millar, 1999; Hesse & Anderson, 1992; Johnson, 2000a;
Reynolds & Brosnan, 2000; Solsona, Izquierdo, & de Jong, 2003) and mixtures (Costu,
Unal, & Ayas, 2007; Calik, Ayas, & Coll, 2007; Stains & Talanquer, 2007; Valanides,
2000).

As it was indicated above, SWH approach can be effective on students’
acquisition of chemistry concepts by promoting the conceptual change. Therefore, the
present study aimed to investigate the effect of SWH approach on 9" grade students’
conceptual understanding and chemistry achievement in chemical changes and mixtures
units. In addition, 9™ grade students’ conceptions about chemical changes and mixtures
and their ideas about SWH approach were examined. Students’ attitudes toward

chemistry were also investigated in this study.



1.1 The Main Problem and Sub-Problems

1.1.1 The Main Problem

What is the effect of Science Writing Heuristic (SWH) approach on 9th grade
students’ understanding of chemistry concepts and their achievement in the units of
chemical changes and mixtures at public high schools in Ankara, when compared to

traditional chemistry instruction?

1.1.2 The Sub-Problems

Sub-Problem 1

Is there a significant population mean difference between the groups exposed to
the SWH approach and traditionally designed chemistry instruction with respect to

students’ understanding of chemical change and mixture concepts?

Sub-Problem 2

Is there a significant population mean difference among low-, medium-, and
high-achieving students with respect to their understanding of chemical change and

mixture concepts?

Sub-Problem 3

Is there a significant interaction effect between treatment and achievement level

with respect to students’ understanding of chemical change and mixture concepts?



Sub-Problem 4

What are the 9" grade students’ conceptions about chemical changes and

mixtures?

Sub-Problem 5

Is there a significant population mean difference between the groups exposed to
the SWH approach and traditionally designed chemistry instruction with respect to

students’ achievement in chemical changes and mixtures?

Sub-Problem 6

Is there a significant population mean difference among low-, medium-, and
high-achieving students with respect to their achievement in chemical changes and

mixtures?

Sub-Problem 7

Is there a significant interaction effect between treatment and achievement level

with respect to students’ achievement in chemical changes and mixtures?

Sub-Problem 8

What are the 9" grade students’ ideas about the SWH approach?

1.1.3 Hypotheses

The problems stated above were tested with the following hypotheses, which are

stated in null form.



Null Hypothesis 1

There is no significant mean difference between the groups exposed to SWH
approach and traditionally designed chemistry instruction with respect to students’

understanding of chemical change and mixture concepts.

Null Hypothesis 2

There is no significant mean difference among low-, medium-, and high-
achieving students with respect to their understanding of chemical change and mixture

concepts.

Null Hypothesis 3

There is no significant interaction effect between treatment and achievement

level with respect to students’ understanding of chemical change and mixture concepts.

Null Hypothesis 4

There is no significant mean difference between the groups exposed to the SWH
approach and traditionally designed chemistry instruction with respect to their

achievement in chemical changes and mixtures.

Null Hypothesis 5

There is no significant mean difference among low-, medium-, and high-

achieving students with respect to their achievement in chemical changes and mixtures.

Null Hypothesis 6

There is no significant interaction effect between treatment and achievement

level with respect to students’ achievement in chemical changes and mixtures.



1.2 Definition of Important Terms

The constitutive and operational definitions of important terms were given in
this section.
Misconception: A concept (or an idea), which is different from the views of

scientists (Nakhleh, 1992).

Constructivism: A theory of learning that emphasizes the active role of the

learner in the construction of knowledge (Driver & Bell, 1986).

Conceptual change: A process that involves a shift in the cognitive structure of

an individual (Posner et al., 1982).

Science writing heuristic approach: An argument-based inquiry approach results
in acquisition of scientific conceptions, nature of science, metacognitive skills and

improved attitudes toward science (Keys et al., 1999).

Traditional instruction: An instruction in which students are passive and taught

by means of lecture.

Attitude toward chemistry: The degree to which a student likes or dislikes

chemistry (Oliver & Simpson, 1988).

Chemical change: A phenomenon in which one or two substances are
transformed into other substances, which are completely different from the initial

substances (Silberberg, 2007).

Mixture: A group of two or more substances that can be separated by physical

means into its components (Silberberg, 2007).



1.3 Significance of the Study

There are many variables accounting for the student achievement in science.
Bloom (cited in Mitchell & Simpson, 1982) asserted that 50% of the student
achievement can be accounted by cognitive characteristics of the students, 25% of it can
be attributed to affective characteristics, and another 25% of it can be predicted by the
quality of instruction. Therefore, instructional strategy, learning and attitudes were
identified as the most important variables for research in science education (Abraham,
Renner, Grant, & Westbrook, 1982). The quality of science education can be improved
by creating stimulating, interesting, and supportive learning environments in which
students may question, develop positive attitudes toward science and scientific
conceptions (Talton & Simpson, 1987). Implementation of inquiry-based approaches is
a way of improving the quality of instruction. In inquiry-based classrooms, linking new
information to previous knowledge, reading, writing, and oral discourse in which
students are encouraged to construct explanations and arguments are necessary
components for the development of scientific conceptions and promotion of scientific
literacy (Krajcik & Sutherland, 2010). SWH is an argument-based inquiry approach
found to be effective on student acquisition of scientific conceptions, nature of science,
argumentation, metacognitive skills and improved attitudes toward science (Keys et al.,
1999). The effectiveness of the SWH approach is related with the implementation level.
Students’ construction of scientific conceptions can be enhanced when teachers
implement the SWH approach properly (Burke, Hand, Poock, & Greenbowe, 2005;
Poock, Burke, Greenbowe, & Hand, 2007).

In effectively implemented SWH classes, students pose their own questions,
design their own experimentation, construct claims and evidences, and reflect on their
thoughts. The structure of question-claim-evidence constitutes the argumentation.
Argumentation is an integral part of the SWH and there is a great emphasis on the study
of argumentation in science education. Using the argumentation facilitates the

construction of knowledge and improvement of attitudes toward science. There is a
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need to persuade students to accept the scientific conceptions because a scientifically
literate citizen demonstrates scientific views about the phenomena occurring around
them. Classroom talk including claim and evidence is a tool for persuasion. In addition,
students may attain positive attitudes toward science with the help of persuasion
because attitude is associated with the beliefs that can change by persuasion (Keys et
al., 1999; Simpson, Koballa, Oliver, & Crawley, 1994).

SWH is also an alternative format for writing science laboratory reports and a
teaching technique used by the teacher to help format the flow of laboratory activities.
When students write their laboratory reports with respect to SWH, they write questions,
procedure, data and observations, knowledge claims, evidence, and reflections instead
of writing five traditional parts, namely, purpose, methods, observations, results, and
discussion (Greenbowe et al., 2008). Using alternative laboratory approaches is an
important issue for the development of students’ chemistry concepts; because students
learn little if traditional laboratory experiments are used.

As mentioned above, using the SWH approach in science classes enhances
students’ understanding of science concepts (Keys et al., 1999). Therefore, the present
study aims to investigate the effect of SWH approach on 9" grade students’
understanding of concepts, and their achievement in the units of chemical changes and
mixtures. Chemical change and mixture are two chemistry concepts that have many
applications in everyday context. One of the important aims of chemistry education is to
improve students’ understanding of the everyday life phenomena, and make them apply
and use scientific concepts to describe the events occurring in daily life. From this
aspect, confronting students with their scientifically incorrect explanations and making
them acquire scientific conceptions is an important issue needed to be taken into
consideration. Students’ scientific acquisition of chemical change and mixture
conceptions can facilitate understanding of further chemistry concepts, like ‘chemical
reactions and energy’ and ‘solutions’ (Stavridou & Solomonidou, 1998).

The results of this study will provide useful information related to the

implementation of SWH approach in high school chemistry. This study is expected to
11



contribute to Turkish Chemistry Education by introducing the SWH approach to
chemistry education. There is not much study about the implementation of SWH
approach in chemistry education, and there are few studies using the SWH approach in
other domains of science in Turkey (Erkol, Gunel, Kisoglu, Buyukkasap, & Hand,
2008; Erkol, Kisoglu, & Biiyiikkasap, 2010; Giinel, Kabatag-Memis, & Biiyiikkasap,
2010; Kabatas, Gunel, Biiyiikkasap, Uzoglu, & Hand, 2008).

12



CHAPTER 2

LITERATURE REVIEW

Students often hold personal explanations for natural phenomena that are far
from current scientific explanations, and they are commonly known as misconceptions
(Nakhleh, 1992). Since prior learning is an active agent for student learning, science
educators have been focused on changing these misconceptions with scientifically
accepted ideas. In traditional science teaching, it is difficult for the learners to change
their misconceptions (Jones & Beeth, 1995). Conceptual change oriented instruction
based on constructivism helps students to overcome these misconceptions (Davis,
2001). Students have also misunderstandings and learning difficulties in various
chemistry topics. On this ground, this chapter presents a review of pertinent literature
that provides the necessary background to guide this study. The literature review is
broken down into the following basic categories: misconceptions, misconceptions in
chemical change and mixture, constructivism and conceptual change, Science Writing

Heuristic (SWH) and attitude.

2.1 Misconceptions

It has been widely accepted that students come to the classes with ideas,
interpretations, and concepts that may facilitate or hinder their further learning
(Chandran, Treagust, & Tobin, 1987; Lawson, 1983; Reynolds & Walberg, 1992;
Uzuntiryaki & Geban, 2005). Some of these common-sense ideas are personal, stable,
and not congruent with the scientifically accepted conceptions (Driver, Guesne &,

Tiberghien, 1985; Krause, Kelly, Corkins, Tasooji, & Purzer, 2009). These kinds of
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ideas are often referred to as misconceptions (Nakhleh, 1992), alternative conceptions
(Driver & Easly, 1987) or children’s ideas (Osborne & Wittrock, 1983). Dykstra, Boyle,
and Monarch (1992) found using the term ‘misconception’ inappropriate for referring to
students’ those kinds of conceptions because they claimed that such conceptions cannot

be wrong. They preferred to use the term ‘alternative conception’ and expressed its

meaning as:

1. The mistaken answer students give when confronted with a particular situation.

2. The ideas about particular situation students have which invoke the mistaken
answer.

3. The fundamental beliefs students have about how the world works, which they

apply to a variety of different situations.

The origin and characteristics of these misconceptions needs to be considered in
order to deal with them for the improvement of students’ scientific conceptions.
Students’ misconceptions can be classified into two general categories based on their
origin: Null impediment and substantive impediment. Null impediment means students’
lack of necessary information for learning new concepts. Students’ missing information
could be in the form of not having prior knowledge or failing to recognize the
relationship between new and old concepts. Substantive impediment means
scientifically incorrect conceptions resulted from personal experiences, earlier classes,
and misinterpretation of the new conception to make them fit into their existing
knowledge (Krause et al., 2009).

These kinds of students’ conceptions are often observed in chemistry as well as
in the other science disciplines. There are some potential sources that may lead to
difficulties in grasping chemistry concepts. First, everyday life may cause
misconceptions. For example, confusion in the use of ‘energy’ term which has a specific
meaning in chemistry but different meanings in everyday life probably may lead
students to have the misconception, e.g., bond making requires input of energy and
bond breaking releases energy (Boo, 1998). The second source of students’

misconception is the instructional methods employed by the teacher (Fisher, 1985). The
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teacher may cause students develop alternative conceptions. For this reason, they should
be very careful in using the correct language when they are talking about the chemical
phenomena. For example, a teacher can explain his/her understanding of the water
molecule by stating that water consists of hydrogen and oxygen. The student who does
not have adequate prior knowledge may misinterpret water as a mixture of hydrogen
and oxygen (Andersson, 1986). The third one is the textbooks used in the chemistry
classes. De Posada (1999) showed that nearly half of the textbooks virtually defined the
metallic bonding model and the relationship among models and experimental facts
could not be understood by students. The theoretical models employed by textbooks in
their explanations were metaphorical in nature and they were open to misinterpretations.
The last source of students’ misconceptions is related with the abstract nature of
chemistry (Gabel, 1999). Many phenomena discussed in the chemistry could be
explained from a microscopic point of view. From this aspect, the knowledge about
particulate nature of matter has a constructive role in the development of the chemistry
concepts (Ardac & Akaygun, 2004; Garnett et al., 1995; Johnson, 2005).

There is a need to identify and promote effective ways to correct students’
misconceptions to ensure that important topics in chemistry can be clearly understood.
The first step in addressing students’ alternative conceptions is to identify them, which
can be done in a variety of ways, such as pre-class discussions, interviews, paper and
pencil tests, concept maps, word association tests, or combinations of these methods.
Using combinations of oral and written tests give more reliable results (Krause et al.,
2009; Schmidt, 1997).

Paper and pencil tests could be in the form of multiple-choice test; two-tier,
three-tier and four-tier multiple-choice test; open-ended questions; and free writing. In
multiple-choice tests, there is one correct answer and three or four distracters that reflect
students’ probable misconceptions reported in related literature and/or during interview
sessions (Bilgin & Geban, 2006; Canpolat, Piarbasi, Bayrak¢eken & Geban, 2006;
Ozmen, 2007; Pmarbas1, Canpolat, Bayrakceken & Geban, 2006; Tastan, Yal¢inkaya &
Boz, 2008; Uzuntiryaki & Geban, 2005). In two-tier multiple-choice tests, first tier of
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each item consists of a question having two, three or four choices, and the second tier of
each item consists of possible reasons for the answer given in the first tier. In a two-tier
test item, the first tier measures the content knowledge; and the second tier measures the
explanatory knowledge. The second tier could be in open-ended or multiple-choice
format (Ozmen, Demircioglu, & Demircioglu, 2009; Pabuccu & Geban, 2006; Tan,
Taber, Goh, & Chia, 2006). Three-tier and four-tier multiple-choice test items are
enhanced versions of two-tier multiple-choice tests. A three-tier test item is constructed
by adding a third tier measuring the strength of conceptual understanding to a two-tier
item. A four-tier multiple-choice test item is obtained by adding an additional tier
measuring the level of confidence of students for their answers given to each tier of a
two-tier test item (Caleon & Subramaniam, 2010a, 2010b).

In the questionnaires including open-ended test items, for each item, first
students were asked to write their answer, and then they were asked to write their
explanation about the reason of their written response. Each question may include
relevant figures and pictures (Ayas, Ozmen, & Calik, 2010; Azizoglu, Alkan, & Geban,
2006). Students’ writings may also serve as an evidence for conceptual change
(Fellows, 1994a). Liu and Ebenezer (2002) used writing to elicit students’ conceptions
about solutions at the beginning of the instruction. Students were asked to write the
concepts in their mind that were related to solutions. Then, they were asked to write one
or more paragraphs explaining the linkage among those concepts. There are also some
studies using the combination of the types of paper-pencil test, such as both two-tier and
open-ended test item (Costu, Ayas, Niaz, Unal, & Calik, 2007) and multiple-choice,
two-tier and open-ended test items (Costu, Ayas, & Niaz, 2010).

Gussarsky and Gorodetsky (1990) used word associations to map the
conceptions of 12™ grade high school students regarding equilibrium and chemical
equilibrium concepts. 309 high school students in Israel participated in this study. There
were three groups: Group C, serving as a control group, did not receive knowledge
concerning chemical equilibrium; Group A and Group B were studying chemical

equilibrium. The students were provided with a sheet of paper, on which a key concept
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was printed, to write down their word associations. The associations from the collected
sheets were classified into categories. The results pointed to a strong associative
differentiation between the equilibrium and chemical equilibrium concepts at the pre-
instruction stage. The post-instruction free word associations indicated that the clear
distinction between the two concepts had disappeared.

Schmidt (1997) used the combination of written tests and discussion to
investigate misconceptions in chemistry. From 4300 to 7500 students of senior high
schools, from all parts of Germany, took part in this study. Multiple choice test items
were administered to the students. Apart from choosing the answer, students were asked
to explain why they had selected that answer. Group discussions were held to gain more
information about students’ reasons for choosing their answers. It emerged that students
held misconceptions related to isomerism, redox, neutralization and conjugate acid-base
pairs.

Interviews are very useful in determining misconceptions but very time
consuming. Thomas and Schwenz (1998) conducted clinical interviews with 16
volunteer students currently enrolled in the thermodynamics semester of college
physical chemistry to identify their alternative conceptions about equilibrium and
thermodynamics. Then, these conceptions were compared with those expressed by
experts in textbooks. This study revealed that in many cases student understanding of
basic concepts is limited, distorted, wrong, or missing entirely and they probably affect
the quality of student learning in physical chemistry classes. The results make it clear
that students in an advanced undergraduate class for chemistry majors still have
difficulties with basic chemistry concepts that have been covered prior to physical
chemistry (e.g., high school chemistry). This finding shows that standard instruction is
not effective in modifying students’ conceptions.

Using combinations of oral and written tests in identifying students’ alternative
conceptions give more reliable results (Schmidt, 1997). In two studies conducted by
Cakmakci, Leach, and Donnelly (2006) and Cakmakci (2010), open-ended questions

and individual interviews were used to elicit students’ alternative conceptions in rate of
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reaction. Similarly, Calik et al. (2009) used open-ended test items and individual
interviews for the purpose of identifying 9™ grade students’ scientific conceptions and

misconceptions in solution.

2.1.1 Misconceptions in Chemical Changes and Mixtures

Determination of students understanding of chemistry concepts is an important
issue in science education. Studies have revealed that students often hold
misconceptions within the domain of chemistry, such as phase equilibrium (Azizoglu et
al., 2006), chemical equilibrium (Bilgin & Geban, 2006; Canpolat et al., 2006;
Gussarsky & Gorodetsky, 1990; Huddle & Pillay, 1996; Ozmen, 2007; Quilez-Pardo &
Solaz-Portoles, 1995; Thomas & Schwenz, 1998; Voska & Heikkinen, 2000),
thermodynamics (Kesidou & Duit, 1993; Thomas & Schwenz, 1998), stoichiometry
(Huddle & Pillay, 1996), particulate nature of matter (Ayas et al., 2010; Beerenwinkel,
Parchmann, & Griésel, in press; Haidar & Abraham, 1991; Lee, Eichinger, Anderson,
Berkheimer & Blakeslee, 1993; Ozmen, in press; Renstrdm, Andersson, & Marton,
1990), mole concept (Staver & Lumpe, 1995), chemical bonding (Boo, 1998; Ozmen et
al., 2009; Pabuccu & Geban, 2006), electrochemistry (Sanger & Greenbowe, 1999;
Yiriik, 2007), general and organic chemistry (Zoller, 1990), acid-base (Cakir,
Uzuntiryaki & Geban, 2002), solution concepts (Calik et al., 2009; Uzuntiryaki &
Geban, 2005), state of matter and solubility (Ceylan & Geban, 2009), solubility
equilibrium (Onder & Geban, 2006; Raviolo, 2001), rate of reaction concepts
(Cakmakei, 2010; Cakmakci et al., 2006; Calik, Kolomug, & Karagolge, 2010), boiling
concept (Costu et al., 2007), evaporation (Costu et al., 2010), ionisation energy (Tan et
al., 2006), energy in chemical reactions (Ceylan & Geban, 2010; Tastan et al., 2008),
and gases (Cetin et al., 2009).

Chemical change and mixture are two important chemistry topics at 9t grade
chemistry curriculum. In chemical changes unit, the concepts of chemical property,

chemical change and types of chemical reactions; and in mixtures unit, classification of
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mixtures and separation of mixtures are covered in Turkish high school curriculum
(Ministry of National Education, 2007). The concept of chemical change constitutes a
base in the chemistry curriculum for the high schools. The concept of chemical change
has macroscopic and microscopic domains needs to be considered for students’ learning
and teachers’ instruction. The macroscopic domain is related with the substances and
their properties, scientific processes and phenomena. From a macroscopic point of view,
chemical reactions can be considered as disappearance of starting substances and
appearance of new substances. On the other hand, microscopic domain is related with
the particles of matter. Chemical reactions can be thought as the process of
rearrangement of the atoms, in a microscopic point of view. In classifying a
phenomenon as physical or chemical, students need to argue whether substances
become different substances or are conserved during a transformation of matter
(Solsona et al., 2003; Stavridou & Solomonidou, 1998). Many chemical and physical
changes occur in daily life in addition to the science laboratory. Students’ interpretation
of those phenomena as physical or chemical is a sign of students’ learning. Several
studies revealed that students had a difficulty in distinguishing chemical change from
the physical change (Ahtee & Varjola, 1998; Eilks et al., 2007; Hesse & Anderson,
1992; Stavridou & Solomonidou, 1998) because students understanding of the term
‘chemical change’ was not as a transformation of one or two substances into other
substances, rather it was as events with some observable indicators, like color change,
gas release, explosion, etc. However, those changes could be in both physical and
chemical change. In addition, some students’ personal criteria for the identification of
chemical changes were not scientifically satisfactory. For example, some students
identified a phenomenon as chemical when there were two products at the initial state,
like water and sugar. Some of them thought that a chemical reaction result in a new
product but their understanding of the new product was not scientifically correct. They
interpreted the new product as a thing different from the initial product. For example, if
salt is dissolved in water, those students interpreted the salty water as a new product, so

the change as chemical. Moreover, students’ correct identifications of chemical
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phenomena increased with their age and school level. As the students’ age increased,
they could correctly discriminate between physical and chemical changes (Stavridou &
Solomonidou, 1998). A number of international and national studies probed students’
thinking about the chemical changes (Ahtee & Varjola, 1998; Andersson, 1986; Ardac
& Akaygun, 2004; Barker & Millar, 1999; Hesse & Anderson, 1992; Johnson, 2000a;
Reynolds & Brosnan, 2000; Solsona et al., 2003).

Andersson (1986) classified students’ explanations about the chemical change
into five categories: a) it’s just like that - there is no explanation of the students, e.g.,
rust is formed, b) displacement — new substances can appear very easily through the
displacement, e.g., rust is in the air all the time, it breeds when any metal is damp, c)
modification — new substance is viewed as the same substance as before, in a modified
form, e.g., copper pipes are colored dark by the heat, d) transmutation — initial substance
is transformed into new substance, e.g., the steel wool that has burnt has changed into
carbon, and carbon weighs more), and e) chemical interaction — new substance is
explained through the rearrangement of the atoms in a chemical reaction, e.g., iron
reacted with the oxygen molecule.

Hesse and Anderson (1992) mentioned that teaching and learning about
chemical change is not an easy process. They tried to document the complexity of the
process by conducting a study with high school students. After the regular instruction of
the chemical change, students were asked to explain the chemical change (rusting of an
iron nail, the oxidation of copper metal, and the burning of a wood splint) written on the
instrument. Then, students from different achievement levels were interviewed for the
further exploration of the concepts. The questions on the both written instrument and
interview schedule aimed to uncover students’ chemical knowledge, conservation
reasoning, and explanatory preferences. The data obtained from the interviews were
analyzed in this study. It was found that there were some gaps in majority of the
students’ chemical knowledge, conservation reasoning, and explanatory preferences.
The students could not explain the chemical phenomena with the interaction of atoms

and molecules. Instead, they preferred everyday materials or energy in lieu of the
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reactants or products. For example, some believed that iron and cold are the reactants in
rusting of an iron nail. In addition, students had a difficulty in explaining the
conservation of mass in chemical change. For example, some students ignored the role
of the gaseous reactants or products in chemical reactions. Moreover, some students
preferred everyday analogies in their explanations rather than scientific information.
Some superficial explanations were ‘rusting is a breakdown of the iron’, and ‘the rust
eats the nail like acid eats up metal or like a fungus eats the host’. There were some
students confusing chemical and physical changes. For example, rusting of an iron nail
was treated as a physical change.

Ahtee and Varjola (1998) examined Finnish students’ conceptual understanding
in chemical reactions. The students under investigation were at different grade levels.
The students were given two questions and asked to explain them in their own words.
The students’ written responses were analyzed by the researchers. The results revealed
that students’ understanding concerning chemical reactions were not satisfactory at all
grade levels. Students’ sound understanding of the concepts increased from compulsory,
to secondary and university level. Among the 7" and 8" grade students, some of them
gave dissolving and change of state as examples of chemical reaction. The most general
example of chemical reaction given by them was burning. The students at secondary
and university levels wrote chemical equations but could not explain the meaning of the
equation properly. Some students could not discriminate between the terms physical and
chemical change. Their examples of chemical change were melting of ice, dissolving of
salt, fermentation of berry juice, and rusting of iron. Most of the students were in a
difficulty of using the term substance. Some of them used substance interchangeably
with element (e.g., substances form bonding) or atom (e.g., substance change outer
electrons). Moreover, there were some students restricting the chemical reaction as two
substances combines and forms a third substance.

Barker and Millar (1999) found that a significant number of students retained
misconceptions related to the conservation of matter in both closed and open systems

even after the context-based chemistry teaching. The students were asked three
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questions, Phosphorus, Precipitation and Solution, which probed students’ ideas about
the conservation of matter in closed systems. In the Phosphorus question, students were
asked to predict what would happen to the mass of a sealed flask including a piece of
phosphorus and water after the sun was focused on the phosphorus, which caught fire. It
was recognized that students confused density and mass. They thought that mass
changes suggesting that gas weighs less than solid. Some other students thought that
mass decreases suggesting that phosphorus is used up. Related to the Precipitation
question, the students were asked to predict whether the mass of two solutions would
change if they were mixed together to form a precipitate. Many students showed
misunderstandings by confusing the mass and density. They thought that mass increases
suggesting that solid weighs more than a liquid or mass decreases suggesting that gas is
produced. In Solution question, students were asked to predict the mass of solution
formed when 20 g sodium chloride dissolves in water. Many students interpreted
dissolving of salt in water as a chemical change involving gas production. The authors
thought that students might have confused sodium chloride with sodium metal because
some students thought that mass decreases suggesting that salt reacts with water by
giving off a lot of gas. About conservation of mass in open systems, the students were
asked to estimate the mass of exhaust gas produced when a car of mass 1000 kg with 50
kg petrol is driven until the tank is empty. Many students simply applied the law of
conservation of mass to this situation. These students might not have considered the
existence of a chemical reaction in this situation. Some of them ignored the role of
oxygen in the burning process.

Similar to Barker and Millar (1999), Ramsden (1997) compared the effect of
context-based approach with the traditional approach on students’ understanding of the
key chemistry ideas: elements, compounds and mixtures; conservation of mass in
chemical reactions; chemical change; and the periodic table. The findings revealed little
difference between context-based approach and traditional approach in promoting
students’ understanding of these concepts. Conservation of mass in chemical reactions

and some aspects of chemical change were poorly understood among the students.
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About the conservation of mass in precipitation reactions, some students incorrectly
thought that mass increased because a precipitate was a solid, which weighed more than
a liquid. Some of them believed that a gas is formed in a precipitation reaction and
formation of gas makes the mass decrease. These misconceptions were also detected in
the study of Barker and Millar (1999). Related to the aspects of chemical change,
students incorrectly thought that gas was involved in either the tablet or the water, but
only given off when the tablet was placed into the water.

Johnson (2000a) investigated the development of students’ conceptions of
chemical change and concluded that students were more challenged with interpreting
the decomposition than the composition as a chemical change. In addition, he revealed
that students had a difficulty in interpreting the mass change when copper turns into
copper oxide. Some students thought that some of the copper was lost, and some did not
take account the mass of the oxygen. Like Barker and Millar (1999), Johnson (2000a)
showed that some students had difficulty in grasping the idea that gases have weight. In
Johnson’s (2000a) study, it was also shown that it was difficult for the students to
interpret the burning candle phenomenon and many of them held misconceptions in
their explanations. For example, based on the post-test results, 40% of the students
thought that both wax and oxygen are included in the process but they could not make
link to the new substances occurring in the process.

In addition, Johnson (2000b, 2002) focused on the idea of chemical change in
two consecutive papers. In the first paper, Johnson (2000b), emphasized on the
development of the concept of the substance identity for the recognition of a chemical
change. The results revealed that students could not explain the presented phenomena
with substance identity as desired. The students could not internalize the idea of a
change of substance. For example, some students thought that although the names of
rust and iron were different, they were the same thing because they came from each
other. Some believed that a lump of copper includes two substances, malachite and
charcoal. These students viewed a product of a chemical change as a mixture of the

reactants rather than a substance in its own right. For this reason, they had a difficulty in
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understanding the ‘decomposition’ as a chemical change, although they could easily
grasp the idea of ‘composition’ as a chemical change.

In his further study, Johnson (2002) examined students’ explanations of
chemical change in relation to the ideas of elements, compounds and the bonding
between atoms. Some students had a difficulty in understanding how a gas could mix
with a solid or liquid. They could not grasp the idea of interaction between the
substances to form new substances. A large number of students failed to explain the
phenomena in a lighted candle. They could not interpret the amount of wax after some
of being alight in an expected manner. Some of the students believed that the amount of
wax stays the same while some believed that the amount of was decreases due to the
evaporation. Some of them thought that the wax does not have a role in producing the
flame, instead the wick burns. Furthermore, there were some students holding the belief
that water and/or carbon dioxide came from the wax, and wax is a compound of
hydrogen and carbon. These misconceptions suggested that burning candle was a
challenging example of chemical change for the students. In this study, it was supported
that the development in students’ understanding of the chemical change was related
with their understanding of the particulate nature of matter. Similarly, Andersson (1986)
also advocated that scientific understanding of the particulate nature of matter is
essential in the development of the chemistry concepts. Further, Valanides (2000)
asserted that understanding of the particulate nature of matter is very important in the
acquisition of the concepts of everyday phenomena, like dissolution of substances.

The phenomenon of burning candle was also investigated by Reynolds and
Brosnan (2000). They developed a computer program, which produced explanations of
four everyday changes, candle burning, ice melting, sugar dissolving in water, and an
iron nail rusting. Some of these explanations were correct while some were incorrect.
The students were asked to decide which explanation made sense, which did not make
sense and which might make sense, by clicking on the appropriate button on the
computer screen. Follow-up questions were asked to students in order to analyze their

choices in an in-depth way. The findings revealed that students demonstrated limited
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knowledge or misconceptions in their explanations, e.g., the candle just melts because
of the heat; when a candle burns, the air changes into something new because it reacts
with the wick; when a candle burns, heat is not released because it would be a transfer
of energy; something dry on the outside of the iron nail; and sugar and water molecules
rearrange as ions in dissolving.

There are some studies comparing two interventions on students’ understanding
of chemical change. For example, Ardac and Akaygun (2004) examined the effect of
multimedia-based instruction over traditional instruction on 8" grade students’
understanding of chemical change. They used visual representation of chemical
phenomena at macroscopic, symbolic, and molecular levels during the instruction. The
authors analyzed students’ drawings, which were produced before and after the
instruction in order to check their understanding at molecular level. The number of
scientifically correct molecular representations was higher in experimental group than
in control group at the end of the instruction.

Different from the studies mentioned above, Palmer and Treagust (1996)
examined chemistry/science textbooks and concluded that all textbooks more or less
mentioned about physical and chemical change. In addition, they mentioned about the
problems related to the understanding of the concepts of physical and chemical changes.
The first problem is “the concept has no single satisfactory definition” (p. 130). Four
criteria were presented in order to distinguish between physical and chemical changes.
According to the first criterion, no substance is destroyed or formed in a physical
change but substances changed into new substances in a chemical change. This criterion
is unsatisfactory because students may hold common-sense beliefs about the meaning of
new substance. For instance, when water turns into ice, some students may have in a
difficulty of understanding whether ice is a new substance or not. In the second
criterion, weight does not change in physical changes but in chemical changes the
weight changes. This criterion is generally incorrect, it may only be correct when one or
more products of chemical change is a gas that is not included in the weighing. In fact,

the Lavoisier’s Law of Conservation of Mass applies to all physical and chemical
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changes. The third criterion is about the concept of reversibility. That means
reversibility is easy in physical changes, but not in chemical changes. This criterion is
widely used by the students and teachers, but there are exceptions and for this reason,
this criterion may not apply to some situations. For example, dissolution of salt in water
is considered in some textbooks as physical change but in some textbooks, this
phenomenon is named as chemical change. If the dissolution of salt in water is named
as chemical change, then the reversibility of this change is easier. The last criterion is
related with the energy change. In physical changes, no energy is produced although
energy may be changed from one form to another but in chemical changes energy in the
form of heat or light may be produced or required. This criterion is not always true
because there may be some exceptions in physical changes producing or requiring more
heat energy than chemical reactions. Similar to Palmer and Treagust (1996), Gensler
and Redlich (1970), and Johnson (2000a) argued that reversibility is an unsatisfactory
criterion in distinguishing physical changes from the chemical ones because all the
physical changes and most of the chemical changes are reversible.

Mixture is a fundamental concept of chemistry, taught from primary school to
high school. An understanding of this concept is central for the acquisition of the
chemistry concepts, like solution chemistry. Some international and national studies
were carried out related to the mixtures and solutions (Costu et al., 2007; Calik et al,
2007; Stains & Talanquer, 2007; Valanides, 2000). In a study conducted by Costu et al.
(2007), seventh grade students’ misconceptions about the mixtures and chemical
compunds were determined. Then, a hands-on activity for the remediation of those
misconceptions was designed. In their study, the following misconceptions of students
about the mixtures were detected by using the open-ended questionnaire (p. 39):

- All mixtures are substances that do not have the same properties throughout

the sample. Alternatively, all mixtures are heterogeneous.

- Mixtures are pure substances.

- Mixtures are homogeneous.

- Mixtures are combination of the two or more substances that are not pure.
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- Mixtures are always combination of two different elements.

- The properties of the components in a mixture are not retained.

- Mixtures always comprise of two substances.

- The components of a mixture cannot be physically separated.

- The components of a mixture combine in exact proportion.

- The components of mixtures can be separated but compounds cannot.

- Pure compounds are homogeneous mixtures.

- Compounds are heterogeneous.

Related to the solutions, Valanides (2000) investigated student teachers
understanding of the macroscopic and microscopic properties, and changes related to
the dissolution of a solid (salt or sugar) in water. The effects of filtering and heating on
these solutions were also examined in this study. As a result, student teachers depicted
limited understanding of the particulate nature of matter in explaining the phenomena
and they had a difficulty in relating macroscopic changes with the microscopic ones.
They also had partial understanding of the physical and chemical changes. For example,
they believed that sugar sinks to the bottom of the container and stays there because
sugar molecules are heavier than water molecules. Another misconception detected in
this study was that salt (or sugar) melted or dissolved. There were some students
indicating that salt (or sugar) dissolves if it is stirred and without stirring it would not
dissolve, despite of the enough wait time; and when stirring is stopped, the salt (or
sugar) would reappear at the bottom. A commonly held belief was the formation of a
new substance during the dissolution. Some students claimed that salt (or sugar) can be
separated from the water by using a filter paper. The idea that volume of the solution
increases as the volume of the added salt (or sugar) increases was held by some
students. About the effect of heating, some students thought that when salt (or sugar) in
water solution is heated, the water vapors could contain some vapors of salt (or sugar),
and the solid remaining at the bottom of the container would be less.

Like Valanides (2000), Calik et al. (2007) analyzed pre-service science teachers’

(PSTs) conceptions about the dissolution of salt and sugar in water. After identification
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of PSTs’ prior conceptions, conceptual change texts were developed for the remediation
of those misconceptions. It was found that some of the misconceptions of PSTs retained
even after the instruction. Some of the students thought that dissolution of ionic solids
in water was a physical change but they held some incorrect explanations, such as phase
change occurs, when NaCl dissolves it decomposes into Na and Cl elements, H;
releases when KCI dissolves in water, and it reacts with water but does not lose
properties. Some of them believed that dissolution of ionic salts in water was a chemical
change and they asserted that a new compound forms, like KOH. It was recognized that
some of the participants confused melting and dissolution in their explanations. Related
to the effect of surface area of solute (salt or sugar) on the dissolution process, PSTs
held some misconceptions. Some common misconceptions were ‘the volume of crushed
salt is less than the uncrushed salt’, ‘the particles of powdered sugar are smaller than the
cube and granulated sugar’, and ‘the granulated sugar does not dissolve as rapidly
because its atoms exist as a whole’.

Similar to Costu et al. (2007), Stains and Talanquer (2007) analyzed students’
classifications of elements, compounds and mixtures through the questionnaires and
interviews based on the particulate representations of matter. The results revealed that
students demonstrated some classification errors resulted from strong mental
relationship between atom and element, and molecule and compound. The students
strongly associated molecules and compounds, and defined compounds as a thing that
has bonds. These students misinterpreted molecular elements as compounds. In
addition, students’ failure in differentiating between compound and mixture caused the
classification errors. This misconception was also emphasized in the study of Costu et
al. (2007).

Students’ understanding of solution concepts was also examined by Uzuntiryaki
and Geban (2005) through the comparison of conceptual change and traditional
approaches. 8™ grade students’ misconceptions in solutions were analyzed by using a
multiple-choice concept test. The common student misconceptions detected in this study

were, a new chemical species is formed when salt and water are mixed, sugar breaks
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into ions, sugar molecules do not keep their identity in sugar solution, sugar solution
conducts electricity, salty water boils at a constant temperature, air is not a solution, the
weight of the sugar solution is greater (or less) than the total weight of sugar and water.
Generally, these misconceptions were most common in control group, less common in
the experimental group.

Similar to Uzuntiryaki and Geban (2005), Pmarbasi et al. (2006) analyzed
students’ conceptions in solutions by comparing the effects of conceptual change and
traditional approaches. The sample consisted of 87 undergraduate students from two
classes of an instructor enrolled in introductory chemistry course. In one class, students
worked with refutational texts while in the other class students worked with traditional
texts. The results revealed that text-based conceptual change approach helped students
change their alternative conceptions with the scientific ones. Students in both groups
held some misconceptions in different proportions even after the instruction. The most
prevalent ones were, “volume of a solution equals the sum of the volume of solute and
solvent”, “dissolved particles in a solution lose weight or have no weight”, and “with
increasing temperature, dissolution rate increases for an endothermic dissolution but
vice versa for an exothermic dissolution” (p. 328). The misconception ‘a solution
weighs less than the sum of its components’ was also detected by Mulford and
Robinson (2002), and Uzuntiryaki and Geban (2005).

There were some studies investigating students’ ideas about both chemical
changes and mixtures. For example, Ayas and Demirbas (1997) determined 9" grade,
100 grade and 110 grade students’ conceptions of elements, compounds, mixtures,
physical and chemical changes. It was concluded that many students failed to use of
particulate nature of matter in their explanations at all grade levels. Most of the students
could not apply their chemical knowledge into novel situations. In addition, a higher
number of students had a difficulty in classifying the substances as element, compound,
or mixture. Moreover, some students could not comprehend that air is a mixture of

gases (Uzuntiryaki & Geban, 2005), and water and sugar are compounds. The reason
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why students could not grasp the gaseous or solid solutions could be that a solution is
always made by dissolving a solid in a liquid (Ebenezer, 1992).

Like Ayas and Demirbas (1997), Sanger (2000) examined students’
classification of the five given particulate drawings as pure substances, heterogeneous
mixtures or homogeneous mixtures based on their responses to the interview questions.
The students were assigned to experimental (62 students) and control (65 students)
groups. The students in the experimental group were exposed to a 50-minute lesson to
teach them the definitions of pure substances, homogeneous and heterogeneous
mixtures both in macroscopic and microscopic point of views, while the control group
students received traditional instruction at the macroscopic level. The findings revealed
that students in the experimental group classified homogeneous and heterogeneous
mixtures better than those in control group did. However, some students in the
experimental group classified pure substances as homogeneous substances even after
instruction. On the other hand, most of the students in the control group defined
homogeneous and heterogeneous mixtures in a macroscopic point of view. For this
reason, they classified the pure compounds as mixtures because they contain two or
more different atoms, and classified all the mixtures as heterogeneous because there are
two different chemicals in the drawing.

Abraham, Williamson, and Westbrook (1994) analyzed high school and college
students’ understandings of five chemistry concepts. Chemical change and dissolution
of a solid in water were two of the concepts investigated deeply for the determination of
students’ misconceptions. In order to measure students’ understanding about the
chemical change, students were asked questions about the burning candle. They were
asked to indicate the type of change when a candle burns, and give evidence for their
answer. 73.3% of the students held misconceptions about the chemical changes. The
most common misconception was “burning of a candle was a physical change because
the candle had undergone a phase change or was the same substance” (p. 157). These
students explained the black film on the glass rod by referring to oxygen from the air,

gas from the flame or burning of the rod. Another misconception was “black material on
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the rod came from the combustion of the wick” (p. 157). These students thought that
wick was burning, not the wax. There were some students explaining the phenomenon
by using the rod. Some were thinking that candle burning was a chemical change
because rod was burning while some were thinking that burning candle was a physical
change because rod was not changing. The two concepts, physical and chemical
changes, were confused by many students, and their evidences were not indicating a
sound understanding, rather they were indicating rote learning. For example, some
thought that burning candle was a chemical change because “it was only a phase
change”, or a physical change because “it is irreversible” (p. 160). About the dissolution
concept, the students also held some misconceptions. The most prevalent misconception
was “sugar particles floated or sank to the bottom of the beaker instead of evenly
mixing” (p. 160). Other misconceptions were “sugar changes chemically into a new
substance”, “sugar breaks down into its ions or elements”, “sugar undergoes a phase
change, melts or evaporates” and “water absorbed the sugar similar to the action of a
sponge” (p. 160). The first two of the four misconceptions mentioned in the previous
sentence were also detected by Uzuntiryaki and Geban (2005).

The students’ explanations about the dissolution and combustion were examined
by Eilks et al. (2007). The authors also investigated students’ understanding of the
differences between physical and chemical changes. The results indicated that students
could not discriminate between the macroscopic and sub-microscopic levels in
explaining the given phenomena. For this reason, students held some incorrect and
superficial explanations. Many students restricted chemical reactions into synthesis
reactions. These students believed that two starting substances forms one product. This
weak understanding was also elicited by Ahtee and Varjola (1998). Another
misunderstanding detected in this study was baking cake is a physical change. This
study also uncovered the misconception ‘chemical reactions are always not reversible’.
This wrong belief was also demonstrated in the studies of Gabel (1999), Gensler and
Redlich (1970), Johnson (2000a), and Palmer and Treagust (1996). Related to the
dissolution, the students classified it as a chemical change (Abraham et al., 1994; Ahtee
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& Varjola, 1998; Barker & Millar, 1999) and they confused the dissolving with the
melting (Abraham et al., 1994; Calik et al., 2007; Valanides, 2000).

Like Palmer and Treagust (1996), Ebenezer and Gaskell (1995) discussed some
factors influencing students’ scientific understanding of the concepts about dissolving.
Generally, it has been accepted that dissolution of salt or sugar in water is a physical
change because the components can be easily separated by physical means. However,
dissolution of salt in water is also viewed as a chemical change because salty water
demonstrates different properties from salt and sugar in terms of electrical conductivity.
For this reason, students may have a difficulty in understanding the dissolution of salt in
water. It is not always possible to classify a phenomenon just as physical or chemical.
The students need to interpret the phenomenon like dissolution of salt in water
considering the different contexts because if we think that salt solution is easily
separated by physical means, then it is a physical change, but if we think that salt
solution conducts electricity while salt and sugar not, then it can be interpreted as a
chemical process. Another reason of the difficulty that students faced when interpreting
the dissolution of a solid in water raises from the abstractness of the phenomenon
because students are tend to explain observable phenomena. Another problem of
solution chemistry is about the language of chemistry. Some of the chemistry language
is also used in our everyday life. For example, melting and particle are widely used in
everyday context. In everyday life, particle can be used for the granules of sugar or salt,
but in chemistry, it is used for atoms or molecules. In everyday life, when we put a
piece of sugar in tea, it is said that sugar melted. However, in chemistry language it is
dissolved. Another example is that in everyday life many people say that ice dissolves,
however in chemistry language ice melts. The students should be aware of the

distinctions between the everyday usage and chemical usage of the terms.
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2.2 Constructivism and Conceptual Change

In recent years, active learning has gained importance among the educators.
Therefore, they rejected the belief “knowledge can be transferred intact from the mind
of the teacher to the mind of the learner”, and asserted that teaching and learning are
different; teachers can teach well, without having the students learn. This new learning
model is ‘constructivism’ and can be summarized in a single statement as “knowledge is
constructed in the mind of the learner”. It attempts to answer the primary question of
epistemology, “How do we come to know what we know?”” (Bodner, 1986, p. 873). In
constructivism, social negotiation is an integral part of learning. Students construct their
own concepts both individually and with others. They try to understand the perspectives
of other students in social environment. However, discussion is not the only way of
negotiating meaning and constructing knowledge, students can negotiate meaning and
construct knowledge through reading and writing texts (Driscoll, 1994; Keys et al.,
1999).

Driver and Bell (1986) stated the following principles that emphasize the
constructivist view of learning:

1. Learning outcomes depend on not only the learning environment but also what
the learner already knows.

2. Learning involves the construction of meanings — construction of the meaning is

influenced by the prior knowledge and the meanings constructed by the learners

may not be the intended ones.

The construction of a meaning is a continuous and active process.

Once meanings are constructed, they can be accepted or rejected by the learners.

Learners are responsible for their own learning.

A

Some meanings are shared due to common features in the ideas, which children
tend to use.
The prior understandings of the students emphasized in constructivism influence

their learning performances including the observations they make, the interpretations
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they give and the design of the experiments they perform. Generally, these ideas
influence students’ further learning. To solve this problem, several researchers
developed alternative learning models (Posner et al., 1982). Conceptual change is an
approach to the application of constructivist ideas to science instruction (Hewson &
Thorley, 1989). Constructivism emphasizes general process of learning, and conceptual
change approach emphasizes the specific conditions which must be done for the
modification of existing conceptions by new ones (Weaver, 1998). Conceptual change
approach depends on Piaget’s ideas of assimilation, accommodation, and equilibration
that are critical to cognitive development. If a child uses existing concepts to understand
new experiences, assimilation occurs. When students’ existing concepts are inadequate
to understand new experiences, then accommodation occurs. Equilibration is a balance
between assimilation and accommodation and it determines how children move from
one stage of development into the next (Driscoll, 1994). Based on Piaget’s key ideas,
Posner et al. (1982) proposed the conceptual change model.

Posner et al. (1982) developed Conceptual Change Model that attempted to
explain “the substantive dimensions of the process by which people’s central,
organizing concepts change from one set of concepts to another set, incompatible with
the first” (p. 211). The conceptual change model has two major components: the
conditions that need to be satisfied in order to replace a central concept by another, and
the person’s conceptual ecology, in which an individual’s current concepts are found,
influences the selection of new concepts (Hewson & Thorley, 1989).

Posner et al. (1982) proposed two types of conceptual change: assimilation and
accommodation. If students’ existing conceptions are compatible enough to deal with
new phenomena, this expected change is called assimilation, and if students’ existing
conceptions are inadequate to explain new phenomena, this more radical change is
called accommodation. They focused on this second type of conceptual change and

suggested four conditions that must be achieved for this type of change to occur:
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There must be dissatisfaction with existing conceptions. Individuals do not make
radical changes in their concepts until they realize that their current concepts are
inadequate to explain new phenomena. The most common instructional strategy
to create dissatisfaction with prior conceptions is using anomalous data.

A new conception must be intelligible. Hewson and Thorley (1989) attempted to
determine whether a new concept is intelligible or not to the learner by
suggesting these questions: “Does the learner know what it means? Do the
pieces of the conception fit together for the learner? Is the learner able to find a
way of representing the conception? Can the learner begin to explore the
possibilities inherent in?” (p.542). Instructional strategies such as using
analogies and metaphors increase the intelligibility of new concepts.

A new conception must appear initially plausible. Plausibility refers to the
individual’s belief about the truth of the new concept. It is not possible for a new
concept to appear plausible without being intelligible. A new concept should be
consistent with the current concepts of the learner and have the capacity to solve
the current problems.

A new concept must be fruitful. A new concept should have the potential to

suggest new possibilities, directions, or ideas (Hewson & Thorley, 1989).

Hewson (1996) explained the word ‘change’ in three different ways. First, it can

mean the extinction of the former conception. However, it is not wise to accept the first

explanation for change because the extinction of the ideas in the human brain is

impossible. Second, it can mean an increase or decrease in the amount of something.

Third, it can mean something is gaining status while something else loses status.

According to Hewson and Thorley (1989), the extent to which a conception is

intelligible, plausible, and fruitful is termed the status of a person’s conception. The

conceptual change model is about raising or lowering the status of conceptions. The

more conditions are met, the more status of the conceptions is raised. Intelligibility is

the first step of raising status. Without intelligibility, it is impossible for a conception to
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have status to a person and become either plausible or fruitful. If a new concept is
intelligible, and does not contradict with existing concepts, it is also plausible and
fruitful to the learner, and then its status will have risen and can be incorporated with
existing concepts. On the contrary, if the new concept is intelligible, and contradicts
with existing concepts, it will not be plausible to the learner. The acceptance of the new
concept is hindered by the existing concepts. For the acceptance of that concept, the
status of the existing concept has to be lowered so that the new conception’s status can
rise.

Conceptual change can be in the form of relational conceptual change, which is
defined as “a process of adding new ideas and learning to distinguish appropriate
contexts for their use” (Ebenezer & Gaskell, 1995, p. 2). This definition is similar to the
Hewson’s (1996) second definition of conceptual change mentioned above which views
conceptual change as raising or lowering the status of a concept. Changing the status of
a concept depends on the context. Students may hold different conceptions for
explaining the same phenomenon observed in everyday life. For example, students often
use the conception of ‘sugar melts in tea’ in their daily life. They are satisfied for using
this conception because it works well in their everyday life. However, this conception
does not work in chemistry language, and it is considered as a misconception. Through
the well-structured chemistry instruction, these students may be taught the scientific
conception as sugar dissolves in tea. The students learnt the scientific conception does
not mean that they deleted the everyday conception from their mind. The everyday
conception and scientific conception for the same phenomenon exist together in the
conceptual ecology. Depending on the context, the status of these conceptions change,
e.g., the status of ‘sugar dissolves in tea’ is high but the status of ‘sugar melts in tea’ is
low in the language of chemistry, while the opposite works in everyday life. It is
important for the students distinguish the concepts for the same phenomenon in
appropriate contexts (Ebenezer & Gaskell, 1995; Hewson, 1996; Hewson & Thorley,
1989).
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2.2.1 The Strategies Used in Conceptual Change

Changing students’ misconceptions is a rather difficult task because they are
resistant to change through regular instruction (Driver & Easly, 1978; Fisher, 1985;
Hynd et al., 1994). Various instructional methods can be used for the elimination of
misconceptions. The best way to handle misconceptions is to use instructional strategies
based on conceptual change approach (Niaz, 2002). The teaching strategies based on
conceptual change approach were used in different science disciplines including physics
(Chambers & Andre, 1997; Hynd et al., 1994), chemistry (Ceylan & Geban, 2009,
2010; Costu et al., 2007, 2010; Calik, et al., 2009; Calik et al., 2010; Cetin et al., 2009;
Onder & Geban, 2006; Ozmen, 2007; Ozmen et al., 2009; Ozmen, in press; Pabuccu &
Geban, 2006; Tastan et al., 2008; Uzuntiryaki & Geban, 2005; Yiiriik, 2007) and
biology (Cakir, Geban, & Yiiriik, 2002; Ozkan, Tekkaya, & Geban, 2004; Sungur,
Tekkaya & Geban; 2001) at different grade levels including elementary, secondary and
university levels, and led to improvement in students’ achievement (Bilgin & Geban,
2006; Ebenezer et al.,, 2010; Sungur et al, 2001), conceptual understanding
(Beerenwinkel et al., in press; Chambers & Andre, 1997; Sungur et al, 2001;
Uzuntiryaki & Geban, 2005) and attitudes toward the subject matter (Ceylan & Geban,
2010; Uzuntiryaki & Geban, 2005). However, in some studies conceptual change
approach was not effective on students’ attitudes toward the school subject compared to
traditional approach (Cakir et al., 2002; Pinarbasi et al., 2006; Tastan et al., 2008).

Conceptual change texts are widely used in order to promote conceptual change
in learning various topics (Chambers & Andre, 1997; Cakir et al., 2002; Onder &
Geban, 2006; Ozkan et al., 2004; Ozmen, 2007; Tastan et al., 2008; Yiiriik, 2007). For
example, Chambers and Andre (1997) investigated the effect of conceptual change text
on learning fundamental direct current concepts, and the relationships between gender,
interest, and experience in electricity. A total of 206 male and female college students
participated as volunteers in the study. It was found that conceptual change text led to

better conceptual understanding of electrical concepts than traditional didactic test. In
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addition, prior knowledge, interest, and experience mediated gender differences in
learning about electricity, that is, using conceptual change text was effective for both
men and women.

Conceptual change texts were also used in chemistry domain by Beerenwinkel et
al. (in press). They compared the effects of conceptual change texts with the traditional
texts on students’ conceptual understanding and awareness of misconceptions in particle
model of matter. A total of 214 students from 7™ and 8" graders assigned to either
experimental or control groups participated in this study. In the experimental groups,
students read the conceptual change texts in learning particle model of matter while in
the control group students read the traditional texts from their textbooks. A closed-
ended test was used a pre- and post-test. The results showed that conceptual change
texts caused a better construction of scientific knowledge in particle model of matter
compared to traditional texts because conceptual change texts explicitly dealt with
students’ misconceptions and contrasted them with the scientific ones. In addition, it
was found that in both groups, students having low prior knowledge benefited more
from reading the texts in learning the subject matter. Moreover, it was suggested that
conceptual change texts increased students’ awareness in distinguishing between the
misconceptions and scientific conceptions. Finally, it was recommended to use different
teaching strategies in addition to conceptual change texts for long-lasting effects of
conceptual change. There are several studies combining conceptual change texts with
other teaching strategies, like concept mapping (Sungur et al., 2001; Uzuntiryaki &
Geban, 2005) analogies (Pabugcu & Geban, 2006), and animations (Ozmen, in press;
Ozmen et al., 2009).

Sungur et al. (2001) conducted a study in which they used concept mapping
strategy to promote meaningful learning. They investigated the effect of conceptual
change text accompanied by concept mapping instruction on 10" grade students’
understanding of the human circulatory system. Interview technique was used for the
identification of misconceptions in the related topic. The experimental group consisted

of 26 students who received conceptual change text accompanied by concept mapping
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instruction and the control group consisted of 23 students who received traditional
instruction. The effects of science process skills and prior knowledge in biology on the
dependent variable were also investigated in this study. The results of Multiple
Regression Correlation analysis indicated that the proportion of the variance on the
dependent variable explained by each independent variable was statistically significant.
It was found that students in the experimental group performed better than those in the
control group. Item analyses were utilized to determine and compare the proportion of
correct responses and misconceptions of the students in both groups. The average
percentage of correct responses of the experimental group was 59.8 and that of the
control group was 51.6 after the treatment.

Calik et al. (2009) used analogies to promote students’ conceptual change in
solution chemistry. 44 students from two different 9" grade classes participated in this
study. The data were collected with a two open-ended questions administered as a pre,
post- and delayed post-test; individual interviews with 6 students; and student self-
assessment after each activity. One-way ANOVA results showed that there were
statistically significant mean differences between pre-test and post-test, and pre-test and
delayed post-test in the favor of post-test and delayed post-test. No significant
differences were detected between post-test and delayed post-test, and this finding
suggested that the intervention enabled students store scientific conceptions in their long
term memory. These findings were also supported by the interview and student self-
assessment results. On the other hand, there were some students having some
misconceptions even after the instruction. For example, some students had in a
difficulty in distinguishing unsaturated, saturated, and super-saturated solutions
although the main purpose of the analogy was to help students distinguish these terms.

Calik et al. (2010) used animations with student worksheets to enhance 11"
grade students’ conceptual understanding in rate of reaction. 72 students from two 11"
grade classes participated in this pre-test/post-test non-equivalent control group design.
In the experimental group, students worked with animations and worksheets in learning

rate of reaction, while students in the control group were taught by traditional
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instruction. A concept test was administered as a pre-, post-, and delayed post-test.
Analyses of the data revealed that using animations with the student worksheets
encouraged students’ construction of scientific conceptions, and helped students retain
that knowledge in their long-term memory. Although the students’ misconceptions
decreased after the instruction, there were some misconceptions still held by the
students in the experimental group.

Cetin et al. (2009) examined the effects of analogies and hands-on activities on
students’ conceptual change in gases. The sample consisted of 74 students from two
different 10™ grade classes of the same teacher in a high school. One class was assigned
as experimental group and taught with analogies and hands-on activities in learning
gases concepts, while the other class was assigned as control group and taught with
traditional instruction in learning the same concepts. A concept test was administered to
both groups as a pre- and post-test and the results revealed a significant difference in
understanding of the scientific concepts between the groups, in favor of the
experimental group.

Ceylan and Geban (2009) investigated the effect of SE learning cycle method
over traditional instruction on 10™ grade students understanding of the state of matter
and solubility concepts. 119 students instructed by the same teacher participated in this
study. There were two groups: experimental group and control group. The students in
the experimental group were taught by the SE learning cycle approach in learning state
of matter and solubility concepts while those in control group were taught the same
concepts by traditional chemistry instruction. A concept test including both multiple-
choice and open-ended questions were administered to all students as a pre- and post-
test. The analyses of the data revealed that S5E learning cycle method caused a better
students’ acquisition of scientific conceptions and overcome the misconceptions
compared to traditional instruction.

In another study, Ceylan and Geban (2010) compared the effects of
demonstrations based on conceptual change approach and traditional instruction on

students’ understanding of chemical reactions and energy concepts. The participants
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were 61 tenth grade students from two classes of a teacher. One class was assigned as
experimental group and instructed with the demonstrations supplying the conditions of
conceptual change, while the other class was assigned as control group and instructed
with the normal regular chemistry teaching. A concept test and attitude scale was
administered as a pre- and post-test. The analyses revealed that experimental group
students had better acquisition of scientific conceptions than the control group students
did. In addition, students in the experimental group demonstrated more positive attitude
toward chemistry than those in control group, after the instruction.

Bilgin and Geban (2006) examined the effects of cooperative learning approach
over traditional instruction on 10™ grade students’ conceptual understanding and
achievement in chemical equilibrium. 87 students attending to two intact classes of the
same teacher participated in this study. One class was assigned as experimental group
and taught with the cooperative learning approach by supporting the conditions of
conceptual change while the other class was assigned as control group and instructed
with the traditional instruction. A test measuring students’ conceptual understanding in
chemical equilibrium was administered as a pre and post-test. In addition, a test
measuring students’ science process skills was given to the students at the beginning of
the study, and a test measuring students’ achievement related to computational
problems in chemical equilibrium was administered at the end of the treatment.
Moreover, interviews were conducted with 12 students in both groups for further
exploration of the concept held by the students after the instruction. MANCOVA results
revealed that the students in the experimental group had a better conceptual
understanding and achievement of computational problems in chemical equilibrium
compared to the traditional group. Students in the experimental group engaged in small
group discussions, which facilitated the active participation of the students, interaction
between the students, and critical thinking, and further encouraged the acquisition of
scientific conceptions and elimination of misconceptions. Although experimental group
students performed better than those in control group on conceptual questions did, there

were some students having misconception even in the experimental group after the
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instruction. In addition, students’ science process skills contributed significantly to the
variation of students’ conceptual understanding and achievement in chemical
equilibrium.

Similar to Bilgin and Geban (2006), Canpolat et al. (2006) examined the effect
of conceptual change approach on students’ understanding of chemical equilibrium, and
they found that conceptual change approach was effective on students’ understanding of
chemical equilibrium conceptions. Unlike Bilgin and Geban (2006), Canpolat et al.
(2006) studied with pre-service chemistry teachers and used conceptual change texts
accompanied with an analogical model and demonstrations to promote conceptual
change.

Costu et al. (2010) developed PDEODE (Predict-Discuss-Explain-Observe-
Discuss-Explain) method to promote conceptual change and investigated its
effectiveness on students’ understanding of evaporation. 52 pre-service science teacher
who were at their first year participated in this study. There was only one group in this
study and all the students were administered a concept test as a pre-, post-, and delayed
post-test. There were multiple-choice test items, two-tier test items and open-ended
questions in the concept test. The students were taught the concept of evaporation
through the PDEODE strategy. Data analyses revealed that PDEODE teaching strategy
enabled students reduce the number of misconceptions related to the evaporation and
encouraged them to acquire scientific conceptions. Some misconceptions were retained
by some students even after the instruction. Although there were significant differences
in the pre-test and post-test means scores, there were no significant differences in the
means scores of post-test and delayed post-test. That means PDEODE teaching strategy
helped students retain their new conceptions in their long-term memory.

Ebenezer et al. (2010) investigated the effects of Common Knowledge
Construction Model (CKCM) lesson sequence, a relational conceptual change model,
on 7™ grade students’ achievement and conceptual change in a biology unit. 68 students
participated in this quasi-experimental post-test only control group design. There were

two classes, which were randomly assigned as experimental and control groups. In the
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experimental group, students were taught the excretion topic in biology by using CCKM
lesson sequence, while in the control group; students were taught the same topic using
the traditional instruction. Students’ science achievement was measured by a unit test
while their conceptual change was measured by qualitative pre- and post-test. The
students in both groups were similar with respect to many aspects like prior knowledge
at the beginning of the study, but the teachers in experimental and control groups were
different. However, some precautions were taken to prevent the possible effects of this
threat to the internal validity of the study. The quantitative analysis revealed that
students taught with CKCM performed significantly better than those taught with
traditional instruction with respect to the science achievement. The analysis of the
qualitative pre- and post-test showed that students held more scientific views after the
intervention of CKMC. There were some indicators demonstrating the change in
students’ understanding, like addition and deletion of ideas, the number of students
having the scientific conceptions, replacement of everyday language with the scientific
concepts, and the difference in the complexity of students’ correct responses.

Hynd et al. (1994) conducted a study to determine the effect of three
instructional variables on conceptual change in physics. Ninth and tenth grade students
who held misconceptions about the motion of objects participated in viewing a
demonstration engaged in student-to-student discussion and read a refutational text
about Newton’s laws of motion. Students were randomly assigned to eight groups
representing combinations of the three activities and given pre-test, instruction and post-
test. Post-test results showed that students who read refutational text about the targeted
physics principles learned, in the long term, more than students participated in
demonstrations and discussions. This study confirmed that refutational text is effective
and failed to explain that discussion and demonstration are effective strategies in
enhancing the learning of scientific principles of physics in the long term. The lack of a
stronger effect of demonstration on conceptual understanding is somewhat surprising

when compared to the results of the study conducted by Ceylan and Geban (2010).
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Moreover, Pintrich et al. (1993) criticized the studies not taking into
consideration student affective characteristics and classroom contextual factors. How
student prior knowledge facilitates or hinders learning can be explained by considering
the affective and contextual factors. Students’ having adequate prior knowledge does
not guarantee conceptual change to occur. There may be a failure of activating prior
knowledge or transferring prior knowledge into new situations. Affective characteristics
and classroom contextual factors act as mediators of conceptual change. For example, if
the new information is not gaining attention of the students, then these students may not
be eager to learn new information. Likewise, if students’ knowledge makes sense to
them, then they would probably do not change their existing conceptions with the new
ones. Students’ control of learning beliefs facilitates the conceptual change process. If
students believe that they have control on their own learning, then they will probably
active in resolving the conflict between their existing knowledge and new information.
In contrast, if they do not see themselves as intentional learners, they may not be eager
to resolve the discrepancy.

As mentioned above, there are various strategies targeting students’
understanding of scientific concepts or remediation of misconceptions. Science Writing
Heuristic, an approach grounded in and derived from constructivist epistemology, can
also be used for conceptual change because it promotes the elicitation of students’
misconceptions, and the development of scientific conceptions through a set of
argument-based inquiry activities. Students negotiate meaning and construct
knowledge, reflect on their own understandings through writing, and share and compare

their personal meanings with others in a social context (Keys et al., 1999).

2.3 The Science Writing Heuristic (SWH)

Science Writing Heuristic (SWH) is a tool designed for connecting conceptual
understandings with laboratory investigations. SWH increases students’ metacognitive

knowledge regarding laboratory work. SWH likes Gowin’s Vee heuristic in terms of
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being a kind of laboratory report writing tool. SWH differs from Gowin’s Vee heuristic
in that it is more than a laboratory report writing tool. SWH integrates guided inquiry
laboratory activities with collaborative peer discussion and writing-to-learn strategies.
The SWH consists of two parts: a teacher template and a student template (Keys et al.,

1999).

Table 2.1 The science writing heuristic, Part I: A template for teacher-designed
activities to promote laboratory understanding

1. Exploration of pre-instruction understanding through individual or group concept
mapping.

2. Pre-laboratory activities, including informal writing, making observations,
brainstorming, and posing questions.

3. Participation in laboratory activity.

4. Negotiation phase I - writing personal meanings for laboratory activity (e.g., writing
journals).

5. Negotiation phase II - sharing and comparing data interpretations in small groups (e.g.,
making a group chart).

6. Negotiation phase III - comparing science ideas to textbooks or other printed resources
(e.g., writing group notes in response to focus questions).

7. Negotiation phase IV - individual reflection and writing (e.g., creating a presentation
such as a poster or report for a larger audience).

8. Exploration of post instruction understanding through concept mapping.

The first part of the SWH, teacher template (Table 2.1), includes a sequence of
proposed activities for teachers to make them engage students in meaningful thinking,
writing and discussion about the laboratory work. Firstly, the students are involved in
individual or group concept mapping to elicit prior knowledge and more specifically
misconceptions about the particular topic under investigation. Second, teachers may
design pre-laboratory activities such as brainstorming, asking beginning questions about
the topic under investigation, or conveying the prior knowledge. Third, students involve

in laboratory work. The laboratories through which authentic data and unique results
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obtained are preferable. Fourth, students think about the meaning of their data by
themselves, for example they may write journals. Fifth, students discuss their personal
meanings of the data with their peers. In this phase, students are promoted to generate
knowledge claims to state their personal meanings of the data. Sixth, students may
compare their understandings of the data with textbooks or other printed materials, or
the teacher. At the end of the investigation, students are encouraged to write up their
understandings in different formats, such as laboratory report, research poster, or
newspaper article. Finally, the teacher involves the students in concept mapping activity
after the laboratory investigation in order to make students reflect on their
understandings of the laboratory concepts. The final phase gives the teacher an
opportunity to compare students’ initial and final understandings of the concepts and to

understand whether conceptual change has occurred (Keys et al., 1999).

Table 2.2 The science writing heuristic, Part II: A template for student thinking

1. Beginning Ideas - What are my questions?

Tests - What did I do?

Observations - What did I see?

Claims - What can I claim?

Evidence - How do I know? Why am I making these claims?

Reading - How do my ideas compared with others?

U o R

Reflection - How have my ideas been changed?

The second part of the SWH, student template (Table 2.2), consists of a series of
questions for students to be used during the laboratory activities. Student template can
be used either individually or as a group. The questions in student template guide
students in developing explanations about their data. The teacher can make changes in
questions considering the type of the laboratory activity. Firstly, students pose questions
about the laboratory task under investigation. They determine the questions they want to
answer and can be answered through the laboratory investigation. Second, they engage
in laboratory investigation and make observations. Third, they develop explanations and
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generalizations based on their data and observations, and then they make knowledge
claims. Fourth, students are encouraged to show evidence for their claim. Then, students
compare their personal explanations with scientifically accepted explanations. This step
encourages the process of conceptual change. Finally, students reflect on whether their
ideas have changed during the laboratory context (Keys et al., 1999).

Science laboratory report written in SWH format differs from the traditional
laboratory format in a variety of ways (Table 2.3). Traditional laboratory reports tend to
separate connections among investigation questions, methods, observations, data,
evidence, claims, and hypotheses but SWH format encourages peer discussions and
writing about these connections (Keys et al., 1999). In traditional laboratory format,
procedures are the same for each student, data are similar, and claims match expected
outcomes, results and conclusions are limited for developing scientific reasoning skills
but the SWH format encourages students’ participation in laboratory investigations by
requiring them to pose questions, propose methods to address these questions and
conduct appropriate investigations. In SWH format, students generate claims and
support them with evidence, and they think about the relationships among questions,

evidence and claims (Burke et al., 2005).

Table 2.3 Comparison of the SWH format to traditional format

SWH Format Traditional Format
Beginning questions Title, purpose

Test and procedure Procedure

Observations Data and observations

Claims Discussion

Evidence Equations, calculations, graphs
Reflection/ Reading No Equivalent

The SWH laboratory environment is student centered. The students are mentally

and physically very active throughout the laboratory activity. At the beginning of the
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activity, they pose questions regarding the experiment and design the experiment, and
they form the groups. Then, they engage in laboratory investigations, they collect data
and make observations. After the completion of the laboratory task, the students
negotiate the meaning of those data and observations via intra- and inter-group
discussions. They construct knowledge by making claims and supporting those claims
with evidences based on their experimentation. Finally, they attempt to integrate the
new knowledge with their existing knowledge through the reflection. The role of the
teacher is more than that of a coach. The teacher provides opportunities for students to
discuss beginning questions, sets up the laboratory for student-centered learning
environment, allows students to form their groups, makes students organize their data,
and makes students to generate knowledge claims and evidence (Burke et al., 2005).

There are many international studies investigating the effectiveness of SWH
approach over traditional approach with respect to students’ understanding of science
concepts at different grade levels (Akkus, Gunel, & Hand, 2007; Hand, Wallace, &
Yang, 2004; Hohenshell & Hand, 2006; Keys et al., 1999; Rudd II, Greenbowe, &
Hand, 2002; Rudd II, Greenbowe, & Hand, 2007; Rudd II, Greenbowe, Hand, & Legg,
2001; Schroeder & Greenbowe, 2008).

Keys et al. (1999) examined the influence of SWH activities on students’
meaning making, conceptual change, and reasoning. In addition, students’ writings and
understandings of nature of science were also investigated in this study. A science
teacher’s two classes of 8" grade students participated in this study. The data were
collected from small group discourse, student written reports, questionnaires, and
interviews. As a result, students written reports illustrated the presence of student
science learning, metacognitive thinking, and reflection on their self-understanding.
Students reasoned about the meaning of data, and they interpreted the data to support
their claims. Some of the reflections on self-understanding indicated conceptual change
about the science concepts. The questionnaire and interview results showed that
students’ understanding of nature of science improved over time during the instruction

based on SWH approach. Mainly, students held more scientific views about the
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collaboration and argumentation in science, the nature of evidence, and the nature of
scientists’ work after the instruction.

There are some studies comparing the SWH laboratory report format with the
standard report format. Rudd II et al. (2007) conducted a study with undergraduate
students attending to general chemistry course. Two teaching assistants had two
laboratory sections. In one of the sections of each teaching assistant, students prepared
laboratory reports in SWH format, while in the other section students prepared
laboratory report in traditional report format. All the students in the course had identical
textbook, instructor, and assignments. The findings revealed that students engaged in
SWH laboratory report format demonstrated better understanding of the chemical
equilibrium concepts than those engaged in standard laboratory report format. In
addition, it was found that SWH sections were more effective than traditional sections
in eliminating students’ misconceptions and learning difficulties in chemical
equilibrium.

Rudd IT et al. (2001) investigated the effect of type of laboratory report format
(SWH vs. traditional) on undergraduate students understanding of physical equilibrium
concepts in a general chemistry course. There were 80 students in five laboratory
sections taught by two teaching assistants. One of the teaching assistant had two SWH
laboratory sections and one traditional laboratory section, while the other had one SWH
and one traditional laboratory section. The findings revealed that using the SWH student
template as the laboratory report format in place of the standard format increased
students’ performance on the physical equilibrium. In addition, students demonstrated
positive attitudes toward using the SWH laboratory report format. Most of the students
preferred SWH laboratory report format to the traditional one, and felt that they learnt
more by using the SWH template. In another study, Rudd II et al. (2002) compared
students using SWH format and those using traditional format to complete their
laboratory reports with respect to their performance in an introductory college chemistry
course and concluded that SWH approach engaged students with their laboratory work

and developed their conceptual understanding via writing and discussion. In addition,
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based on the survey and interview results, students believed that SWH format
encouraged them connect laboratory experiences with the associated chemistry
concepts. They felt that their chemistry understanding and motivation to learn chemistry
increased through the instruction.

Schroeder and Greenbowe (2008) investigated the performance and perceptions
of undergraduate students in organic chemistry course offered during the summer term.
In the lecture portion of this course, POGIL (Process Oriented Guided Inquiry
Learning) was used while in the laboratory section of this course SWH approach was
used. The performance of the students was compared with the performance of the
traditional group who attended the same course during the spring semester in the same
year. A survey was given to the participants both at the beginning and at the end of the
instruction. The results revealed that students’ performance on nucleophilic substitution
reaction mechanism improved compared to those in traditional group. In addition,
survey results indicated that student perceptions regarding this course changed through
the instruction. Most of the students believed that this course was easier than they had
expected to be it.

Students’ conceptual understanding in science becomes deeper when teachers,
instructors, or teaching assistants effectively implement the SWH approach. If the
instructors provide opportunities for students to share their ideas and negotiate the
meaning of their experiences within group and whole class, their students could better
develop science concept and argument (Burke et al., 2005; Poock et al., 2007; Nam,
Choi, & Hand, in press). There are also some studies investigating the impact of
implementation level of SWH on students’ success.

Omar and Hand (2004) investigated the practices of 16 teachers using the SWH
approach at different grade levels within a professional development program.
Classroom observations, questionnaires, interviews, baseline test, and unit pre- and
post-tests were used for the collection of data. As a result, three teacher implementation
levels (low-medium-high) were defined based on classroom management, dialogical

interaction, questioning skills, and content knowledge. Students’ conceptual
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understanding in science improved as the teacher defined the big ideas properly,
engaged the students in dialogical interactions, and asked open-ended questions in the
classroom. In addition, students involved in high implementation level of SWH
performed statistically better than those in low-implementation level did.

Burke et al. (2005) trained novice chemistry teaching assistants through a series
of sessions. For this purpose, two laboratory activities were designed to put the teaching
assistants in the role of student and to model for them their role as teaching assistant. By
this way, teaching assistants could learn about the SWH approach directly experiencing
learning process in line with the SWH approach. At the end of the training sessions,
they discussed the differences between traditional and student-centered learning
environment by focusing on the roles of the instructor and traditional versus SWH
laboratory report formats.

Poock et al. (2007) compared the effectiveness of teaching assistants’ degree of
successful implementation of the SWH in undergraduate chemistry laboratory course in
terms of student achievement in chemistry. 78 students attending to an undergraduate
chemistry course for two semesters, and their teaching assistants participated in this
study. The results revealed that the degree of teaching assistants’’ implementation of
SWH affected students’ performance in chemistry. As the degree of implementation of
SWH increased, students’ success in chemistry increased. In addition, SWH approach
was found very effective on students who have limited prior knowledge regarding the
topic under investigation. Students who entered the course with a low-level of previous
chemistry knowledge and who were taught with the SWH approach demonstrated better
performance in chemistry course compared to students in previous years, with similar
previous knowledge and who were not taught with SWH approach.

Cavagnetto, Norton-Meier, and Hand (2006) conducted a case study in order to
deeply analyze two grade five teachers’ implementation level of SWH approach in
relation to student achievement. These two teachers were in the first year of a
professional development program, which aimed at increasing their pedagogical and

content knowledge and embedded language activities in SWH classrooms. Teacher
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level of implementation was analyzed through the observations, video analyses, and
field notes. The analyses of the data indicated that these two teachers were at different
levels of implementation. One of the teachers was at low-level implementation, whilst
the other was at high-level implementation. A relationship was detected between
teachers’ implementation level and student achievement in science. The authors
concluded that the students who had an opportunity of greater voice in the classroom
also had an opportunity to negotiate the meaning of the science concepts, which resulted
in greater performance in science.

Akkus et al. (2007) compared the effectiveness of the SWH approach to
traditional approach on students’ performance on post-test items with respect to
students’ achievement level and teachers’ implementation of the approach. Seven
teachers teaching different subjects and 592 students from different grade levels
participated in this study. Each teacher had one experimental and one control groups. In
the experimental group, SWH approach was followed while in the control group
traditional approach was followed. Before the instruction, all the teachers participated in
a workshop related to the implementation of SWH approach. Teacher observational data
was used to determine the quality of teacher implementation level while statistical
analyses were used for the comparison of student performances across the groups. The
teachers were rated according to their implementation levels of SWH and traditional
approaches. The findings revealed that quality of the implementation affected students’
performance and high-quality implementation of the SWH approach closed the
achievement gap within science classrooms. In addition it was demonstrated that
implementation of SWH approach was useful for low-achieving students. As the
implementation of SWH became higher, the benefit of low-achieving students gradually
increased because student voice increased as the implementation level increased which
contributed to the student construction of scientific knowledge and arguments.

The implementation of SWH approach was also investigated in Korea by Nam et
al. (in press) at 8" grade science classrooms. They compared the SWH and control

classes with respect to student voice, science argument, teacher role, and questioning
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using the modified Reformed Teaching Observation Protocol (RTOP). In addition,
students’ achievement on the Summary Writing Test (SWT) was also compared across
the groups. There were three teachers implementing the SWH approach. Each of the
two teachers had two SWH classes and two control classes, and one teacher had two
SWH classes and one control class. Significant differences were detected between
experimental and control groups with respect to the total RTOP scores, and SWT
scores. There were also significant differences between the teachers’ implementation
levels. Higher level of SWH implementation led to higher student performance in
science.

The implementation level of SWH could be increased by increasing the quality
of the elements of SWH approach, like questioning, dialogical interaction, and
argument structures. Martin and Hand (2009) designed a longitudinal single case study
to analyze an experienced fifth grade teacher’s implementation of SWH approach. The
teacher was involved in a professional development project and her class sessions were
videotaped for further analyses. The videotapes were analyzed based on the Reformed
Teacher Observation Protocol (RTOP). The analyses of the data showed that the teacher
moved from a traditional approach to a more student-centered approach through shifting
her questioning patterns, which was not easily achieved. The teacher changed her
questioning style by decreasing the amount of yes/no or factual recall questions, and
increasing the high-level questions. As the high-level questions increased so did the
student voice. By the way, an increase in student voice resulted in an increase in student
use of elements of argument, like claim, evidence, and rebuttal.

Writing is an integral part of the SWH approach because writing makes students
negotiate meaning for verbal symbols, which further enhances the construction of
scientific knowledge (Hand et al., 2004). There are some studies integrating various
writing-to-learn strategies within SWH classrooms and investigating the role of writing
on students’ conceptual understanding in science and metacognition.

Hand et al. (2004) compared the SWH and traditional classes with respect to

students’ conceptual understanding. In addition, the authors investigated the
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contribution of using a second task of writing a textbook explanation in SWH classes to
students’ conceptual understanding. Students’ metacognition was also investigated in
this study. There were three groups in this quasi-experimental study: a control group
(one class), a treatment group (two classes) exposed to SWH approach, and a treatment
group (two classes) exposed to SWH approach and writing a textbook explanation
(SWH + textbook) for their peers. 93 seventh grade students attending to five class
sessions of a biology teacher participated in this study. The findings indicated that SWH
and SWH + textbook group outperformed control group students on the multiple-choice
items of the test. However, only the SWH + textbook group performed better than the
other two groups on essay type questions. Based on the analyses of interview
transcripts, three assertions were done: First, students thought that SWH activities,
which are formulating their own question, participating in peer group discussions,
making connections between concepts and writing contributed to their conceptual
understanding in science. Second, students demonstrated a sound understanding about
the nature of a knowledge claim, the relation between question and claim, and claim and
evidence. Third, students claimed that textbook writing increased their conceptual
understanding and metacognition because they recognized their own knowledge gaps,
and translated technical knowledge into everyday knowledge during writing.
Hohenshell and Hand (2006) demonstrated the benefits of integrating writing-to-
learn strategies within SWH implementation. For this purpose, they compared the
students engaged in SWH laboratory report writing and traditional report writing. In
addition, they compared the SWH classes writing to the teacher and to their peers. 91
students from 9™ and 10™ graders attending to a biology course participated in this
study. In total, there were three groups: control group (writing traditional in format +
summary writing to the teacher), SWH group (writing in SWH format + summary
writing to the teacher), and peer review group (writing in SWH format + summary
writing to peers). All the groups engaged in identical laboratory except the writing type
and audience. The data were collected through a pre-test and two post-tests. First post-

test was administered just after the instruction, and the second post-test was
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administered after the summary writing task. These tests included both recall and
conceptual questions. Open-ended surveys and semi-structured interviews were
conducted to identify students’ perceptions about the writing activities. The results
revealed that there were no significant differences between the students completing
laboratory report in SWH format and in traditional format. After the completion of the
summary report writing, significant differences were observed among the groups. There
was a significant difference between SWH and control group on conceptual questions,
although no significant differences were detected on recall questions. In addition, in
SWH classes, the students who wrote to their peers scored higher than those wrote to
their teacher. Moreover, survey and interview results indicated that students in SWH
and peer review groups were more aware of their own learning during writing compared
to the control group.

Grimberg and Hand (2009) analyzed student written texts with respect to their
understanding of science. Totally 11 codes emerged from the student written texts
through the qualitative analyses. Students’ reasoning processes were observations,
measurements, comparisons, analogies, clarifications using questions or statements,
claims, cause/effect relations, inductions, deductions, experimental designs, and
argumentation. Further, these codes were categorized into three general themes:
perception, conception, and abstraction. In addition, students were classified as low-
achieving or high-achieving based on their previous achievement scores. All the
students were engaged in three different inquiry activities based on SWH approach. The
nature of the beginning questions was different across the three laboratory activities,
namely, decision-making, descriptive/speculative, and integration. The results revealed
that reasoning processes of the students were not dependent on their achievement level,
but on the nature of inquiry. High-level reasoning processes were mostly used in
decision-making inquiry, and less used in integration activity. Low-level reasoning
processes were largely used in descriptive/speculative inquiry, and less used in
decision-making inquiry activity. This study supported the notion that SWH approach

encourages the development of students’ scientific argumentation strategies and closes
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the achievement gap between low- and high-achieving students. Through the
involvement in SWH classroom, all the students had an opportunity to negotiate the
meaning of the ideas via intra- and inter-group discussions, and construct knowledge by
developing the scientific arguments. For this reason, the authors concluded that SWH
approach facilitated both high-achieving and low-achieving students’ use of reasoning
processes, and consequently their science understanding in the same way.

Hand and Choi (2010) examined undergraduate students’ writings in organic
chemistry laboratory classes using the SWH approach. 111 students engaged in SWH
laboratory sessions related to organic chemistry and completed laboratory reports for
their laboratory investigations. These laboratory reports were collected and analyzed
with respect to use of multi-modal representations in constructing arguments. The
findings indicated that students used multiple modes of representation in the evidence
part of their laboratory report in order to support their claims. The students who
embedded multi-modal representations with the text in the evidence part could construct
high quality arguments, and a high quality argument resulted in higher performance in
organic chemistry laboratory.

Choi, Notebaert, Diaz, and Hand (2010) investigated the impact of writing
component of SWH approach on 5™, 7™ and 10™ grade students’ construction of quality
arguments. They also tried to find out the components of arguments (questions, claims,
questions-claims relationship, evidence, claims-evidence relationship, and reflection)
predicting the quality of arguments. 296 writing samples were collected and analyzed in
this study. Stepwise multiple regression analyses revealed that the relationship between
claims and evidences was the most critical element predicting the quality of arguments.
In addition, it was shown that SWH approach was useful in the promoting students’
construction of quality arguments.

Some researchers focused on some elements of the SWH approach like
beginning question and student talk. For example, Cavagnetto, Hand, and Norton-Meier
(in press) examined the impact of small group and whole-class strategies for

determining the inquiry question on student achievement and teacher perception. Two
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grade five teachers participated in this study. In one of the classes of each teacher,
students in each group negotiated their own inquiry question with the teacher, and in the
other class students as a whole negotiated a single inquiry question with the teacher.
The other elements of the SWH were similar across all the groups. The teachers’
classrooms were observed throughout the study, and semi-structured interviews were
conducted with the teachers. Students’ achievement scores were determined by using
unit tests and Iowa Tests of Basic Skills Science (ITBSS). The results showed that there
were no significant differences between the students in both groups with respect to their
science achievement in unit tests and ITBSS. In addition, there were no differences in
teacher implementation of small group and whole-class strategies. The teachers
perceived that using small group strategy was beneficial for their students while
managing the whole class strategy was easier than the other was.

Cavagnetto, Hand, and Norton-Meier (2010) analyzed student talk in small
groups during the construction of claims and evidences. Small group discussions in a
fifth grade science classroom using the SWH approach were audiotaped for data
collection. The audio recordings were then transcribed and coded with respect to on-
task or off-task talk, generative or representational talk, components of argument in
generative talk, and the functions of language used in group talk. The analyses of the
transcripts revealed four general patterns: First, students were involved in the
construction of claims and evidences in SWH classes largely. Second, both generative
and representational talk contributed to the students’ development of claims and
evidences. Third, student talk mainly composed of claims and data as components of
argument. The rebuttals and counter-claims indicating a high-level argument were less
frequent in the student talk. Finally, the function of the language used in group talk was
mostly informative in nature, that is, students shared the information among themselves.
The authors concluded that representational talk stimulated the generative talk because
while students were talking about representing the argument in written format, they
engaged in a deeper level of reflection on the argument, which further facilitated the

generation of further arguments.
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Students’ perceptions about the implementation of SWH approach were also
investigated by the researchers. For example, Gunel, Omar, and Hand (2003) attempted
to demonstrate students’ perceptions about the SWH process and the effect of SWH
approach on different student achievement levels. 156 students at 7 grade attending to
the biology course participated in this quasi-experimental study. These students were
involved either in experimental group or control group. All the students were engaged
in three laboratory activities. Students in experimental group wrote laboratory reports in
SWH format, while those in control group wrote their laboratory report in traditional
format. Then, all the students were engaged in a summary writing process in which they
were asked to write what they learnt during the instruction of the related topic. 25
multiple-choice questions and three conceptual questions were used as a pre-test and
post-test. A survey was administered at the end of the study to elicit students’
perceptions about the treatment. The findings showed that students in the SWH group
performed better than those in control group on the conceptual questions did. Among
the achievement levels, low-achieving students benefited from SWH approach more
than high-achieving and middle-achieving students did. In addition, survey results
revealed that students in SWH groups expressed that they were learning when they were
writing. Students also felt that investigating their own questions were also helpful for
their learning.

There are also some national studies investigating the effectiveness of SWH
approach over traditional approach at elementary and college levels (Erkol et al., 2008,
2010; Giinel et al., 2010; Kabatas et al., 2008). Kabatas et al. (2008) investigated the
impact of SWH approach on 6™ grade students’ science achievement and attitudes
toward science in electricity unit. 108 students at 6™ grade taught by the same teacher
involved in this quasi-experimental study. One class was randomly assigned as control
group while the others were assigned as experimental groups. In the experimental
group, SWH approach was used while in the control group traditional instruction was
used in teaching the electricity concepts. A baseline test, a unit test and semi-structured

interviews were used for the collection of data. Unit test was administered as a pre-test,
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post-test and retention test. The findings revealed that students who were exposed to
SWH approach performed significantly better on conceptual questions than those
exposed to traditional approach. In addition, students in the experimental groups held
more positive attitudes toward science than those in control group. They stated that they
learnt more by using the SWH approach, and enjoyed investigating their own questions
for the laboratory activities.

Erkol et al. (2008) examined the effect of SWH approach on undergraduate
students’ physics achievement and attitudes toward laboratory in introductory physics
laboratory course in electricity unit. Four laboratory sections of a teaching assistant with
80 freshman students participated in this study. Two laboratory sections were treated as
experimental group while the other two were treated as control group. In the
experimental group, students engaged in laboratory activities following the SWH
approach and wrote their laboratory reports in SWH format, while in the control group
students engaged in traditional laboratory activities, and wrote their laboratory report in
traditional format. A unit test and attitude scale was administered to the students at the
beginning and at the end of the instruction. Semi-structured interviews were also
conducted with some students in both groups at the end of the treatment. The results
showed that SWH approach increased students’ physics achievement in electricity unit,
their conceptual understanding, and attitudes toward physics laboratory. The
interviewed students preferred to have laboratory classes based on SWH approach and
indicated that they learnt better through SWH approach. In addition, they believed that
writing in SWH format encouraged them think about the concepts deeply.

Similarly, Erkol et al. (2010) explored the effects of SWH approach on
undergraduate students’ conceptual understanding and attitudes toward the laboratory in
the mechanics unit. This study involved 42 undergraduate physics education in students
instructed by a teaching assistant in two laboratory sections of the introductory physics
laboratory course. In one of the laboratory sections, SWH approach was followed while
in the other traditional approach was followed. Pre-test, post-test and attitude scale were

used to collect the data. The results revealed that students in SWH group significantly
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outperformed those in traditional group on the post-test scores. In addition, students felt
that SWH approach enhanced their conceptual understanding. Moreover, they thought
that writing laboratory report in SWH format was helpful for their learning.

Giinel et al. (2010) investigated the effects of SWH approach on students’
science achievement and attitudes toward science. 108 students attending to three
different 6™ grade classes of a science teacher participated in this quasi-experimental
study. One class was randomly assigned as control group, and the other two classes
were assigned as experimental groups. In the experimental groups, SWH approach was
followed in teaching the heat unit while in the control groups, traditional instruction was
followed in teaching the same unit. In the experimental groups, students wrote reports
following the laboratory activities, but only in one of the experimental groups, the
students were asked to prepare self-evaluation reports following the laboratory
activities. A unit test including both multiple-choice and conceptual questions were
administered to all students both at the beginning as a pre-test and at the end of the
instruction as a post-test and retention test. Semi-structured interviews were also
conducted with some students in both groups. Statistically significant differences were
detected between experimental and control groups based on their post-test and retention
test scores in favor of the experimental group. In addition, the experimental group
engaged in self-evaluation report writing task performed better than the other
experimental group on the conceptual questions. Moreover, students in the experimental
groups demonstrated more favorable attitudes toward science than those in control
group.

The results indicated that using SWH approach in science laboratory was
advantageous for students compared to those students exposed to more traditional
laboratory activities. SWH approach is an inquiry-based laboratory approach and it is
inductive in nature. Discussion and writing portions of the SWH approach led students
in treatment groups to score significantly better on conceptual questions in comparison
to control groups. Moreover, SWH was found effective on developing students’

metacognition, understanding of nature of science and conceptual change (Keys et al.,

60



1999). There are also some national studies but the number and scope of these studies
are very limited compared to the international studies. Therefore, this study aims to
investigate the effect of SWH approach on 9" grade students’ understanding of
chemistry concepts in mixtures and chemical changes unit, and their chemistry

achievement.

2.4 Attitude

Cognitive and affective variables are closely linked in learning and instruction
(Duit & Treagust, 2003). In the literature, it was demonstrated that cognitive variables
influence student achievement in science (Chandran et al., 1987). Prior knowledge is a
well-known cognitive characteristics influencing student achievement in science
(Chandran et al, 1987; Gooding, Swift, Schell, Swift, & McCroskery, 1990; Lawson,
1983; Reynolds, & Walberg, 1992). There are are also some studies investigating the
role of affective characteristics, such as attitudes, values, beliefs, opinions, interests and
motivation, in relation to student achievement in science (Germann, 1988; Gooding et
al., 1990; Hough & Piper, 1982; Kan & Akbas, 2006; Mitchell & Simpson, 1982; Oliver
& Simpson, 1988; Singh, Granville, & Dika, 2002; Talton & Simpson, 1987) and
conceptual change (Pintrich et al., 1993). Briefly, students’ learning outcomes in
science is accounted by their values, beliefs, motivation, and attitudes as well as their
previous knowledge regarding the subject matter (Simpson et al., 1994).

Nowadays, science educators are aware of the fact that affective variables,
especially attitudes toward subject matter, are as important as cognitive variables in
influencing students’ achievement (Koballa, 1988). Attitude can be defined as “a
predisposition to respond positively or negatively to things, people, places, events, or
ideas” (Simpson et al., 1994, p. 212). Attitude is divided into two areas: science
attitudes and attitudes toward subject matter. These concepts are two different
constructs needs to be taken into consideration. ‘Science attitudes’ means “behaviors

associated with critical thinking and typically meant to characterize the thinking
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processes of scientists” (p. 115), while ‘attitudes toward subject matter’ means “our
favorable or unfavorable feelings” toward the subject matter (Koballa, 1988, p. 117).
Shrigley, Koballa, and Simpson (1988) clarified the distinction between attitude toward
a subject matter and scientific attitudes with respect to the evaluation criterion.
Scientific attitudes are seldom evaluative while attitude toward science is evaluative
indicating like or dislike toward a subject matter. The other characteristics of attitude
toward science are: attitudes are not observable, attitudes are correlated with the related
behavior, the social influence act as a mediator between attitude and behavior, attitudes
are learnt by directly or indirectly, and attitudes are about an object or subject matter.
Furthermore, attitude is related with the beliefs, opinions, and values. Attitude is often
confused with these terms although there are differences in the meanings of these
concepts. Beliefs and opinions are more cognitive than the attitudes. A value is broader
than the attitude. A person may have a value and many attitudes related to that value. A
value can be defined as a “long-range moral or ethical imperatives, an end rather than a
means” (Shrigley et al., p. 672). Both attitude and value have the evaluative quality.
However, the major difference between these two concepts is the abstractness of the
ideas, that is, value encompasses ideas that are more abstract while attitude does not
(Simpson et al., 1994).

Attitude toward science is an important predictor of student achievement in
science, and it explains a significant proportion of the variance in science achievement
(Gooding et al., 1990; Oliver & Simpson, 1988). Hough and Piper (1982) found a
significant relationship between students’ attitudes toward science and their science
achievement (r = .45). Mitchell and Simpson (1982) detected a significant correlation
between student achievement and attitude in biology. Germann (1988) found significant
but low correlations between attitude and achievement. Students with more positive
attitudes participate in learning activities than students with a less positive attitude. A
high relationship between the learning environment and attitudes toward science was
detected by Talton and Simpson (1987). Students’ feelings about the activities within

the classroom, and the interaction between the students are all essential factors
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contributing to how students feel about science. The relationship between the learning
environment and science achievement and between attitudes toward science and science
achievement were weaker than the relationship between learning environment and
attitudes toward science. Students’ feelings about the learning environment and
chemistry contributed to their conceptual understanding in chemistry.

Papanastasiou and Zembylas (2004) conducted a study to investigate the
relationship between attitude and achievement in science for senior high school students
in Australia, Cyprus, and USA. The data were obtained from the Third International
Mathematics and Science Study (TIMSS) database. The relationships were examined
through the use of structural equation modeling software, AMOS. The results for
Australia showed that the students who had high science achievement also had positive
attitudes toward science. However, there was no significant influence of attitudes on
achievement in science. For Cyprus, it was found that students’ attitudes influenced
their achievement in science, but their science achievement did not influence their
attitudes. The findings for USA indicated that students’ attitudes toward science
significantly and positively influenced their science achievement. However, students
who had high science achievement had negative attitudes toward science.

Kan and Akbas (2006) identified students’ attitudes toward chemistry and then
determined the relationship between students’ attitudes toward chemistry and their
achievement in chemistry. The data were obtained from 819 high school students at 9™,
10", and 11" grade, and analyzed through the descriptive statistics and correlation
analyses. The analyses revealed that students’ attitudes toward chemistry was slightly
positive, and there were differences in the chemistry attitudes across the grade levels,
10™ grade students’ attitudes toward chemistry was the highest. Moreover, attitude
toward chemistry was the significant predictor of chemistry achievement, and explained
about 10% of the variation in chemistry achievement.

The attitude toward science is a significant source of variation in science
achievement. Therefore, changing attitudes results in improved achievement in science

(Oliver & Simpson, 1988). Students had better instructional methods and a better
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learning environment had significantly better attitudes than those did not have
(Germann, 1988). Hands-on laboratory instruction affects students’ attitudes toward
science and achievement in science positively. For this reason, an instruction including
laboratory experiences could be a viable and effective mean in promoting students’
acquisition of scientific conceptions and positive attitudes toward science (Freedman,
1997).

Some studies dealing with the effectiveness of instruction on chemistry
achievement focused on students’ attitudes toward science. For example, Uzuntiryaki
(2003) examined the effects of instruction based on constructivist approach on ninth
grade students’ attitudes toward chemistry. The results revealed that constructivist
approach produced significantly higher positive attitudes toward chemistry than the
traditional chemistry instruction. In another study, Uzuntiryaki (2005) investigated the
effect of conceptual change approach on 8" grade students’ attitudes toward science,
and demonstrated that conceptual change approach led students to develop more
positive attitudes toward science in comparison to traditional approach. Similar to
Uzuntiryaki (2003, 2005), Ceylan and Geban (2010) supported the improvement of
students’ attitudes toward chemistry through a conceptual change approach. However,
there were some studies could not detect an improvement in students’ attitudes through
the implementation of conceptual change approach (Cakir et al., 2002; Pinarbasi et al.,
2006; Tastan et al., 2008). Some of the studies using SWH approach investigated its
effect on students’ attitudes toward science (Gunel et al., 2003; Giinel et al., 2010;
Kabatas et al., 2008), students’ attitudes toward laboratory report format (Rudd II et al.,
2001) and attitudes toward laboratory instruction (Erkol et al., 2008, 2010). All of these
SWH studies demonstrated positive influences of SWH approach on students’ attitudes
toward science or any other object.

In conclusion, the size of the relationships between attitudes toward science and
science achievement were varying across studies. Several of them found that there was
a positive low correlation between attitude and achievement (e.g., Salta & Tzougraki,

2004). Because of such a relationship exists between attitude and achievement, it could
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be a potential confounding variable in an experimental research design. For this reason,
it is worth to investigate students’ attitudes toward chemistry at the beginning of the

instruction in order to enhance the internal validity of the particular study.

2.5 Summary of the Findings of the Reviewed Studies

l. Students come to the class with ideas, interpretations, and concepts that may
impede their subsequent learning (Uzuntiryaki & Geban, 2005). These kinds of
ideas are often referred to as misconceptions (Nakhleh, 1992).

2. Students have misconceptions in chemical changes (Ahtee & Varjola, 1998;
Andersson, 1986; Barker & Millar, 1999; Hesse & Anderson, 1992; Johnson,
2000a; Reynolds & Brosnan, 2000; Solsona, et al., 2003) and mixtures (Costu et
al., 2007; Calik et al., 2007; Stains & Talanquer, 2007; Valanides, 2000).

3. Instructional strategies employed by the teacher, abstract nature of the
chemistry, textbooks, and everyday life are the major sources of misconceptions
(Garnett et al., 1995).

4. Changing students’ misconceptions is a rather difficult task because they are
resistant to change through regular instruction (Driver & Easly, 1978; Fisher,
1985; Hynd et al., 1994).

5. Instructional strategies based on conceptual change are effective on students’
understanding of scientific concepts or remediation of misconceptions
(Chambers & Andre, 1997; Hynd et al., 1994).

6. The strategies involve the use of conceptual change approach are very effective
in conceptual change (Niaz, 2002). There are various strategies targeting
students’ understanding of scientific concepts or remediation of misconceptions:
cooperative learning (e.g., Bilgin & Geban, 2006), analogies (e.g., Calik et al.,
2009), refutational texts (e.g., Hynd et al., 1994), conceptual change texts (e.g.,
Onder & Geban, 2006), combination of conceptual change texts with analogy

(e.g., Pabuccu & Geban, 2007), combination of conceptual change texts with
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10.

I11.

12.

13.

14.

15.

concept mapping (e.g., Uzuntiryaki & Geban, 2005), combination of analogies
with hands-on activities (e.g., Cetin et al., 2009), learning cycle (e.g., Ceylan &
Geban, 2009), and common knowledge construction model (e.g., Ebenezer et al.,
2010).

Affective characteristics and classroom contextual factors influence conceptual
change (Pintrich et al., 1993).

SWH is an argument-based inquiry approach leading to acquisition of scientific
conceptions, nature of science, metacognitive skills and improved attitudes
toward science (Keys et al., 1999).

There are many international studies investigating the effectiveness of SWH
approach over traditional approach with respect to students’ understanding of
science concepts at different grade levels (Akkus et al., 2007; Hand et al., 2004;
Hohenshell & Hand, 2006; Keys et al., 1999; Rudd II et al., 2001, 2002, 2007,
Schroeder & Greenbowe, 2008).

If the instructors implement the SWH approach effectively, their students could
better develop science concept and argument (Burke et al., 2005; Poock et al.,
2007; Nam et al., in press).

There were some studies investigating the student performance in SWH and
traditional classes in relation to achievement level (Akkus et al., 2007).

Writing is an integral part of the SWH approach because writing makes students
negotiate meaning for verbal symbols, which further enhances the construction
of scientific knowledge (Hand et al., 2004).

Students’ perceptions about the implementation of SWH approach were also
investigated by the researchers (Gunel et al., 2003).

There were also some national studies investigating the effectiveness of SWH
approach over traditional approach at elementary and college levels (Erkol et al,
2008, 2010; Giinel et al., 2010; Kabatas et al., 2008).

There is a positive low correlation between attitude and achievement (Salta &

Tzougraki, 2004).
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In the light of summary obtained from the literature review, it can be said that
using the SWH approach led to better understanding of scientific concepts, and attitudes
toward science. In addition, the misconceptions of the students about chemical changes
and mixtures, and the relation between attitude and achievement were also emphasized
in the literature review. The literature indicated that there are few studies regarding the
implementation of SWH approach at high school chemistry level, and students had a
difficulty in understanding the chemical change and mixture concepts. For this reason,
the effects of SWH approach on 9" grade students’ understanding of chemical change

and mixtures concept was investigated in the present study.
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CHAPTER 3

METHOD

In the previous chapters, problems and hypotheses of the study were presented,
the related literature was reviewed, and the essence of the study was justified. In this
chapter, population and sample, description of variables, instruments, procedure,

analyses of the data, and assumptions and limitations of the study are explained briefly.

3.1 Population and Sample

The target population of the study consists of all 9" grade public high school
students in Ankara district. Since it is not easy to meet this target population, accessible
population was determined as all 9™ grade students in Cankaya district. The results of
this study were generalized to this population. In Cankaya district, there were 17 public
high schools and these high schools included approximately 3400-4250 ninth grade
students who were taught chemistry. The sample of this study was determined by
selecting a public high school from the accessible population. A public high school
having a well-equipped science laboratory was selected conveniently. From that high
school, four intact classes of two different teachers were participated in this study by
taking into consideration the willingness of chemistry teachers. The sample of this study
consisted of 122 ninth grade students from a public high school. Each teacher’s one
intact class was assigned as the experimental group and the other class was assigned as
the control group. There were 62 students (33 males and 29 females) in the

experimental groups while there were 60 students (30 males and 30 females) in the
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control groups. Students’ ages ranged from 15 to 17 years old. Students were from
middle-class families.

Experimental groups were taught by the instruction based on SWH approach and
the control groups were taught by traditionally designed chemistry instruction. In order
to facilitate the proper instruction of SWH approach in the experimental groups, the
teacher was given training sessions prior to the study. The teacher and the researcher

discussed instructional plans before the instruction.

3.2 Variables

There were two dependent variables and six independent variables in this study.

3.2.1 Dependent Variables

The dependent variables of this study were students’ understanding of chemistry
concepts measured by Chemical Change and Mixture Concept Test (CCMCT), and
chemistry achievement measured by Chemical Change and Mixture Achievement Test

(CCMAT). These variables were interval and continuous.

3.2.2 Independent Variables

The independent variables of this study were type of instruction (SWH approach
and traditional instruction), achievement level, attitudes toward chemistry, socio-
economic status (SES), gender, and age. Attitude toward chemistry was considered as
continuous variable and was measured on interval scale. Instruction type or treatment
and achievement level were considered as categorical variables and were measured on

nominal scale. Among these variables, types of instruction and achievement level were
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group membership, and attitude toward chemistry, SES, age and gender was used in
order to understand the group difference at the beginning of the instruction.

Socio-economic status (SES) of the students is one of the variables contributing
to student learning. The variable SES is associated with family income, parents’
education level, average income of a school district where students live, or some of
these variables. A significant relationship was detected between SES and science
achievement by Fleming and Malone (1983). For this reason, students’ socio-economic
status was also examined before the treatment. Because SES is a kind of construct, it
can be measured by a set of variables. In this study, SES was computed by combining
the variables mother education level, father education level and the number of books
held at home (Pallant, 2005). The data associated with SES was obtained through the
administration of the Student Background Questionnaire (see Appendix A).

Students’ chemistry mean scores in previous semester were used to determine
achievement levels. The mean of the students’ previous chemistry scores was 47.6,
while the standard deviation was 24.6. The students who scored a half standard
deviation (-.5 to .5) around the mean were in medium-achievement level, the students
who scored a half standard deviation below the mean were in low-achievement level
(-.5 and down), and similarly the students who scored a half standard deviation above

the mean were in high-achievement level (.5 and up) (Akkus et al., 2007).

3.3 Instruments

Chemical Change and Mixture Concept Test (CCMCT), and Chemical Change

and Mixture Achievement Test (CCMAT) were used as instruments.
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3.3.1 Chemical Change and Mixture Concept Test (CCMCT)

This instrument was used to identify students’ misconceptions in chemical
changes and mixtures. CCMCT was a two-tier test developed by the researchers. Some
of the questions were developed taking into consideration the related literature
(Andersson, 1986; BouJaoude, 1992; Costu et al., 2007; Calik, 2005; Calik et al., 2007;
Eilks et al., 2007; Papgeorgiou & Sakka, 2000) and some revisions were made on those
test items. In the first tier, a multiple-choice question was asked and in the second tier,
the reason of preferring that choice was asked. In the development of the first-tier,
possible misconceptions were included in the alternatives of each item. Common
misconceptions addressed by the CCMCT were shown in Table 3.1. Totally, there were
40 items in CCMCT: 20 questions from unitl (chemical changes) and 20 questions from
unit2 (mixtures). The questions in the first tier, that is, multiple-choice questions, were
scored 2 if it is right, 0 if it is wrong. The questions in the second tier, that is, open-
ended questions, were scored 2 if it is correct, 1 if it is partially correct, and 0 if it is
wrong or misconception. Therefore, the maximum score that a student can get from this
test was 80, while the minimum was 0. Pilot study was conducted to evaluate reliability
aspects of this test. There were 98 high school students (51 females, 47 males) in the
pilot study. Cronbach alpha reliability of the pilot scores of the test was computed as
.80. For validity issue, three experts in chemistry education examined this test and
evaluated whether the items in the test were well enough to identify students’
misconceptions. These experts’ recommendation was used to revise the test. The
opinions of these experts were used as content related evidence for validity issue. A
Turkish language teacher examined the test with respect to its grammatical aspects and
understandability, and a chemistry teacher examined this test for understandability. The
opinions of Turkish language teacher and chemistry teacher were used as an evidence
for face validity. This test was administered to all students both before and after the

treatment (see Appendix B).
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Table 3.1 Common misconceptions probed by CCMCT

Physical changes are reversible while chemical changes are not (Abraham et al., 1994;
Eilks, et al., 2007; Gabel, 1999; Gensler & Redlich, 1970; Johnson, 2000a; Palmer and
Treagust, 1996; van Driel, deVos, van der Loop, & Dekkers, 1998).

Change of state is a chemical change (Ahtee & Varjola, 1998; Briggs & Holding,
1985; Kind, 2004).

A nail’s weight does not change after rusting (BouJaoude, 1992; Hesse & Anderson,
1992; Horton, 2007).

A nail’s weight decreases after rusting (BouJaoude, 1992; Mulford & Robinson, 2002).
A nail’s weight increases after rusting by due to adding something like water, rust,
oxygen, oxygen and water, without a reaction (Andersson, cited in Kind, 2004).

Rust eats away the material (BouJaoude, 1992; Hesse & Anderson, 1992).

Iron and rust are the same (Hesse & Anderson, 1992; Johnson, 2000b).

Coldness causes a nail to rust (Hesse & Anderson, 1992; Horton, 2007).

Iron turns into other elements after rusting (Andersson, 1986).

Rusting of an iron nail is a physical change (Hesse & Anderson, 1992).

Mass decreases in combustion (Barker & Millar, 1999; Johnson, 2000a)

A candle burning is the same as wax melting (BouJaoude, 1992; Reynolds & Brosnan,
2000).

When a candle burns, only the wick burns (Abraham et al., 1994; Johnson, 2002;
Reynolds & Brosnan, 2000).

The initial substance vanishes in a chemical reaction (van Driel et al., 1998).

Things dissolve by mixing them in water or solutions are in liquid state (Ebenezer,
1992; Horton, 2007; Papageorgiou & Sakka, 2000; Silberberg, 2007).

Things dissolve by stirring (Valanides, 2000).

Melting and dissolving is the same thing (Calik et al., 2007; Eilks et al., 2007;
Valanides, 2000).

Weight decreases in dissolving (Horton, 2007; Mulford & Robinson, 2002; Pinarbasi et
al., 2006; Uzuntiryaki & Geban, 2005).
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Table 3.1 Common misconceptions probed by CCMCT (continued)

e Dissolution of salt in water is a chemical reaction because a completely different
substance is formed (Ahtee & Varjola, 1998; Barker & Millar, 1999; Calik et al.,2007).

e Sugar dissolving in water is a chemical change (Abraham et al., 1994; Ahtee &
Varjola, 1998; Uzuntiryaki & Geban, 2005).

e All mixtures are heterogeneous (Costu et al., 2007; Sanger, 2000).

e Confusion between pure substances and mixtures (Driver, Squires, Rushworth, &
Robinson, 1994; Ryan, 1990; Sanger, 2000).

e Failure to discriminate between elements, compounds and mixtures (Briggs &
Holding, 1985; Costu et al., 2007; Papageorgiou, 2002; Papageorgiou & Sakka, 2000;
Stains & Talanquer, 2007).

e The identities of the components in a mixture are not retained (Costu et al., 2007,
Uzuntiryaki & Geban, 2005).

e Mixtures always consist of two substances (Costu et al., 2007).

3.3.2 Chemical Change and Mixture Achievement Test (CCMAT)

This instrument was used to assess students’ chemistry achievement in two
consecutive chemistry units on chemical changes and mixtures. The researchers
developed this instrument by taking into account the high school chemistry curriculum.
In question development process, the researcher benefited from the textbooks,
University Student Selection Examination (OSS), some international studies like
TIMSS (1999, 2003) and the literature (Mulford, 1996). In test construction process,
first, the objectives of the units on chemical changes and mixtures were stated (see
Appendix C). This test consisted of 22 multiple-choice questions: 9 questions from
unitl (chemical changes) and 13 questions from unit2 (mixtures). Reason for preferring
multiple-choice items is that it is easy and quick to administrate and it enables the
researcher to score objectively. Each test item consisted of five alternatives: one correct

answer and four distracters. Items in the test were related to physical change, chemical
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change, types of chemical reactions, classification of mixtures, solutions, solubility,
factors affecting solubility, and separation of mixtures. This test was examined by two
professors, one assistant professor and three research assistants in chemistry education
to establish content validity, and by two chemistry teachers and two Turkish language
teachers for the appropriateness of language and student level. Originally, there were 40
items in the test. After the revision of the test, it included 22 items. A pilot test was
conducted to evaluate reliability aspects of this test scores. There were 381 high school
students (52% females, 48% males) in the pilot study, and the Cronbach reliability
coefficient was computed as .75. In the scoring process, each correct response was
scored as 1, and each incorrect response was scored as 0. Therefore, total maximum
score that a student can get from this test was 22, while the minimum was 0. This test
was given to both groups as a pre-test to assess whether there was a group difference
prior to the instruction and as a post-test to compare the students’ chemistry
achievement between experimental and control groups at the end of the instruction. This
test was administered in groups by the teachers in regular class hours and took 35

minutes (see Appendix D).

3.3.3 Attitude Scale toward Chemistry (ASTC)

This test was developed by Geban, Ertepinar, Yilmaz, Altin and Sahbaz (1994)
to measure students’ attitudes toward chemistry as a school subje”ct. This scale
consisted of 15 items in 5-point likert type scale: fully agree, agree undecided, disagree,
and fully disagree. The reliability was found to be .83. This test was given to students in
both groups before the treatment (see Appendix E). It covers both positive and negative
statements. Total possible ASTC scores range is from 15 to 75. While lower scores
show negative attitudes toward chemistry, higher scores show positive attitudes toward
chemistry. This is a standard test; therefore, there is no need to collect evidence for

validity.
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3.3.4 Semi-Structured Interviews

Semi-structured interviews were used for the purpose of understanding students’
ideas about the usage of SWH approach and their conceptual understanding in the units
of chemical changes and mixtures. Interviews were administered to volunteer students
individually. The interview schedule was constructed by the researchers. In line with the
recommendations of the professors and colleagues, the revisions were done. A tape
recorder was used during interview process in order to record the data. Interview
protocol included two parts: Part A and Part B. Part A portion of the interview schedule
was administered to the volunteer students in both experimental (13 students) and
control groups (8 students). In Part A, there were conceptual questions (8 questions)
regarding chemical changes and mixtures. The purpose of this interviewing process was
to elicit students’ misconceptions in the units of chemical changes and mixtures, and by
this way to support the misconceptions obtained from the post-CCMCT. Part B portion
of the protocol were only administered to the students in the experimental group (13
students) because the questions in the Part B portion of the protocol were related to the
implementation of SWH approach. In Part B, the students were asked 14 questions, and
generally, the questions were related to the difference between traditional and SWH
approaches, changes in teacher, question-claim-evidence, and writing. General
questions were also included in the protocol. Part A portion of the interview schedule
lasted about 30 minutes while Part B portion of it lasted about 25 minutes (see

Appendix F).

3.3.5 The Classroom Observations

The main aim of classroom observation was to observe the implementation of
treatment in the experimental and control group for the treatment verification. In the

experimental group, implementation of SWH approach and in the control group
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implementation of traditional approach was observed carefully. In addition, the roles of
the teacher and students, the classroom activities and the interactions among students,
and between teacher and students were observed. During each observation, naturalistic
approach was followed and field notes were taken about the implementation process.
Also an observation checklist that consisted of 17 items with 3 point likert type scale

(yes - 2 / partially - 1/ no - 0) was used during the observation (see Appendix G).

3.4 Procedure

In this study, a quasi-experimental design was used to investigate the effect of
SWH instruction on students’ understanding of chemical change and mixture concepts,
and their chemistry achievement. The study started with a detailed review of literature.
The keywords, misconception, constructivism, conceptual change, science writing
heuristic, attitude toward science, science education, and chemistry education were
determined at the beginning of the study. Then, Educational Resources Information
Center (ERIC), Dissertation Abstracts International, Social Science Citation Index
(SSCI), Science Direct, and Internet (Google scholar) were searched. The MS and PhD
thesis which were done both in abroad and Turkey, and the books were also examined.
In addition, previous studies that were done in Turkey were searched from YOK,
Hacettepe University Journal of Education, and Education and Science. The materials
obtained from the literature review were read, examined in detail, and results of the
studies were compared with each other. Next, the measurement tools were developed by
the researchers. Two measurement tools were developed by the researchers; and one
measurement tool was taken from literature. The instruments developed by the
researchers were tested in pilot study. Results of the pilot study were analyzed and
evaluated by the researchers and a specialist in chemistry education with respect to
reliability and validity issues. Necessary changes were done with respect to this revision

before final study.
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This study was carried out over a ten-week period. A quasi-experimental design
was used in this study because it is unlikely to obtain administrative approval to
randomly select and remove a selected few students from different classrooms for any
study in a high school. A public high school in Cankaya district was selected as defined
in sampling part. Research design of the study can be seen in Table 3.2. During the
study, the topics related to chemical changes and mixtures were covered as a part of
regular classroom curriculum in chemistry course. The instruction was two 45-minute
sessions per week. Four intact classes of two different teachers in a public high school
were participated in this study. Each teacher’s one intact class was assigned as the
experimental group and the other class was assigned as the control group. Totally, there
were four groups in this study: two of them were experimental groups and two of them
were control groups. The control groups were instructed by using traditional approach,
while the experimental groups were instructed by using SWH approach. Just before the
study begins, pre-tests, CCMCT, CCMAT, and ASTC were administered to both
experimental and control groups to understand whether there was a significant
difference between experimental and control groups with respect to measures of these
instruments before the treatment. The treatment period started after pre-tests were given.
To examine the effect of treatment, the same tests, CCMCT and CCMAT, were given to

students in both groups as a post-test.

Table 3.2 Research design of the study

Groups Pre-test Treatment Post-test

) CCMCT, . CCMCT,
Experimental group Instruction based on SWH

CCMAT, ASTC CCMAT

CCMCT, Instruction based on CCMCT,

Control grou
Sroup CCMAT, ASTC Traditional Approach CCMAT
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In this study, the teachers had no experience of implementing the SWH approach
prior to the study. In fact, at the time of the investigation, there was a change in the 9"
grade chemistry curriculum from teacher-centered into more student-centered approach
(Ministry of National Education, 2007). The teachers were introduced the new
curriculum and they were said that they were required to use student-centered approach
in their chemistry classes but they had a difficulty in comprehending how can be
student-centered. For this reason, this study was very encouraging for them. They were
eager to learn the SWH approach. Before the study, the researcher had several meetings
with the teacher at school in order to train them about the implementation of SWH. The
teachers were given SWH information notes (see Appendix H) in the first meeting and
introduced the SWH approach. In the second meeting, the teachers read the given
materials, and the researcher and the teachers discussed about the implementation of
SWH. The teachers were very anxious about the implementation at the beginning
because this approach was a student-centered approach and the teachers were required
to shift from teacher-centered into student-centered teaching, which was not an easy
process. The researcher had regular meetings with the teachers in every week until the
study begins. During the treatment, the researcher met with the teachers before the class
session about the procedure needs to be followed in the class. The researcher
participated in all class sessions with the teacher and observed the class by taking field
notes and filling out the observation checklist. After each class session, the researcher
met with the teachers and discussed about the implementation of SWH approach.
During the discussion, the researcher made suggestions to the teacher for the proper
implementation in the following weeks. During the implementation period, the
researcher repeated the same procedure mentioned above for each teachers’ class. The
researcher also warned the teachers to teach the control group students as in the same
way they thought before and not to do things specified for the experimental groups.

The laboratory was just repaired at the time of the investigation and it was very
appropriate for having classes. However, the teachers were not using laboratory

although the students and the administrators in that school were very eager to use it.
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There were many chemicals and equipment in chemistry laboratory but most of them
were still in the boxes. The researcher spent much time for the arrangement of
chemicals and the equipment in the laboratory. The researcher labeled all of them to
make easy for the students usage. Most of the chemistry classes of the experimental
groups were done in the laboratory. In order to make the treatment less novel, the
control group students were also taken to the laboratory because students in different
classes were talking to each other and they were talking about what they did in the
chemistry classes or other classes.

In the first week, students in the experimental groups were taken to the
laboratory and they were told that the chemistry classes will be done in the laboratory in
most of the weeks. It was the first time for the students coming to the laboratory and
they did not have much information about the laboratory safety rules and the basic
materials used in the chemistry laboratory. For this reason, in the first laboratory class
hour, the students were informed about the laboratory safety rules, and the basic
materials like beaker, tube, etc. Because the students’ safety is very important in the
chemistry laboratory, they were especially warned about the toxic materials. The
teachers asked students to form their own groups. There were 32 students in one of the
experimental groups and 30 students in the other experimental group. There were five
benches at the chemistry laboratory and for this reason students formed five groups in
each of the experimental group for the classroom activities. The students were given a
handout about the SWH approach (see Appendix I). Then, the students were introduced
SWH approach via the mystery activity (Burke et al., 2005, p. 39) (see Appendix J).
Each group was given a handout about the mystery activity. The students were asked to
read it individually and write a question, a claim, and evidences about the mystery death
activity. Then, the students shared their questions, claims, and evidences in order to
construct a group question, claim, and evidence. After the completion of this task, a
student from each group wrote their group’s question, claim, and evidences on the white
board and then each group explained their written arguments to the entire class. After

each group presented, students in the rest of the class asked them questions or refuted
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something they claimed or argued. After all these processes were completed, the teacher
summarized what they did from the beginning to the end. The teacher engaged students
in a discussion about questions, claims, and evidences in order to make students aware
of the meaning of those words. This activity was not related to chemistry, for this
reason, it attracted students’ attention very much. Actually, the aim of this activity was
to make students conceptualize the process of argumentation, which is a structure of
question, claim, and evidence. At the end of the class session, the teacher asked students
whether they want to have chemistry class as in this class. All the students agreed on
having the classes like in that class. Then the teacher engaged students in a discussion
about the following week’s chemistry topic, which was chemical change. Firstly, the
teacher attempted to elicit students’ prior understanding about chemical changes
through discussion because students were taught this concept in their prior school
period. This discussion lasted about 10 minutes. The teacher focused on the big idea
they are going to structure the chemistry class on it. Then the teacher asked students to
write down what they want to learn about this big idea until the following week’s
chemistry class and share those within their group, and then prepare a beginning
question for the next class. In the following week, student came to the class with their
beginning questions and wrote them on the white board. Each group presented their
questions to the class. During the presentation, each group also mentioned about the
procedure that they are going to follow. The teacher and the rest of the class evaluated
the quality of the question in terms of the relation to the big idea and appropriateness for
the laboratory investigation. The procedure was also discussed in the classroom. This
took about 20 minutes of the class session. After some revisions on some group’s
questions and procedures, each group engaged in the laboratory investigations in order
to find out an answer to their questions. Each group recorded the data and observations
during the experimentation process. Then, they wrote claims and evidences based on
their data and observations, and then they supported their claims with the evidences.
After the completion of these processes, each group wrote their questions, claims and

evidences on the white board and presented them to the class. During the presentation,
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the teacher and the rest of the class asked some questions, which started a discussion
environment in the class. There were some students refuting the arguments of the
presenter group. Like this group, the other four groups presented their arguments and a
discussion environment occurred most of the time. At the end of the class session, the
teacher summarized what they did in the class, and tried to connect the ideas presented
in the class with the big idea by creating a discussion environment with the students.
Then, the teacher, asked students write a laboratory report based on SWH approach (see
Appendix K) and bring them in the next week. In the SWH laboratory report format, the
titles were beginning questions, test, data and observations, claims, evidences, reading,
and reflections. The teacher explained how could be written those parts of the report.
The students attended to seven more class sessions about the chemical changes and
mixtures and they involved in extra four laboratory sessions, about chemical changes
(chemical changes and types of chemical reactions) and mixtures (classification of
mixtures, and separation of mixtures). For each laboratory session, the students
followed the same approach. Some sessions lasted in two hours but some of them lasted
more than two hours (see Appendix L for sample SWH lesson, and Appendix M for
sample student laboratory reports).

On the other hand, in the control groups, teacher-centered instruction was used
as traditional approach. The teacher used lecture and discussion methods and solved
problems to teach chemical change and mixture concepts without considering students’
misconceptions. Students were required to read the related topic from the textbook used
in chemistry course prior to that lesson. The teacher explained each concept and asked
questions to the students to promote discussion. Toward the end of the lesson, the
teacher distributed worksheets that include mathematical and conceptual questions to be
answered related to the topic. Enough time was given students to respond the questions.
By this way, they were expected to reinforce the concepts taught by the teacher. At the
end, worksheets were scored and corrected, and then students investigated the
corrections on their worksheets. In some class hours, students were engaged in

traditional laboratory activities. Students read the procedures of the laboratory
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experiment prior to the lesson. The teacher explained the procedures of the experiment.
Then, students conducted the experiments without making knowledge claims and
evidence. At the end of the laboratory activity, students recorded data and observations
and they were asked to write a laboratory report in traditional format, including purpose,
procedure, observations and data, results, and discussion. The teacher designed the
experiment, asked questions and helped students during the activity.

At the end of the instruction, students in experimental and control groups were
given post-tests to compare the effects of SWH and traditional approach on their

chemistry achievement and conceptual understanding.

3.5 Analyses of Data

Quantitative data were collected by using Chemical Change and Mixture
Concept Test (CCMCT), Chemical Change and Mixture Achievement Test (CCMAT),
and Attitude Scale toward Chemistry (ASTC). Data list, consisting gender, types of
instruction, answers of each subjects to each question and subjects’ total scores in each
test, were prepared by using SPSS in which columns show variables and rows show the
students participating in the study. The statistical analyses were done by using PASW
(Predictive Analytics Software) Statistics 18.

Missing data analyses were done before the descriptive statistics and inferential
statistics. There were not any missing data in the pre-ASTC. There were missing data in
pre-CCMAT, pre-CCMCT, post-CCMAT and post-CCMCT. The percentages of
missing values were 4% of the total number in pre-CCMAT and pre-CCMCT, and 2.5%
of the total number in post-CCMAT and post-CCMCT. The students who were missing
in both post-CCMAT and post-CCMCT were excluded from the data set. Since the
other missing values do not exceed 5% of the total number, they were replaced with the
mean during the statistical analyses.

The quantitative data obtained in this study were analyzed in two parts. In the

first part, descriptive statistics and in the second part, inferential statistics were used. In
82



order the test the hypotheses, statistical analyses were done by using PASW Statistics
18. In this analysis, there were two dependent variables, two independent variables, and
covariates. Inclusion of these two dependent variables in the same analysis is only
possible using statistical technique named multivariate analysis of covariance
(MANCOVA). This statistical technique can both equate groups on more independent
variables and control Type 1 error. This technique permits a more powerful test of
differences among means by reducing the error variance (Pallant, 2005). It is justified to
use MANCOVA because the dependent variables in this study were correlated
moderately (r = .50). The level of significance (o) was set to the .05 because it is mostly
used value in educational studies. In other words, the probability of rejecting the true
null hypothesis (probability of making Type 1 error) was set to .05 prior to the
hypotheses testing. The power of this study was set to .80. Therefore, the probability of
failing to reject the false null hypothesis (probability of making Type 2 error) was found
.20. Since it was very difficult to obtain a large effect size in educational studies, effect
size was preset as medium.

The qualitative data were collected mainly through the semi-structured
interviews and classroom observation. Students written responses on the second tier
items of the CCMCT were also coded qualitatively. In the interviews, a tape recorder
was used while in the classroom observation, detailed notes were taken, and a checklist
was filled out. For the analyses of the interview data, first the audio recordings were
transcribed in verbatim by the researcher. The data were organized in order to
understand the data and then they were coded by the researcher. The codes which were
close to each other collected together. By this way, the codes were categorized into
general themes. Then, the interview data were interpreted based on the codes and
categories by presenting direct quotations from the interview data (Marshall &
Rossman, 2006). The researcher coded the interview transcripts several times and then
these codes were examined by two experts in science education. The feedback given by
those experts were taken into consideration by the researcher. The field notes taken

during the classroom observation were also organized as in the interview data. The field
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notes were interpreted based on the categories determined in advance by the researcher
in relation with the data obtained from the classroom observation checklist. These
interpretations were also checked by two experts in science education. Moreover,
students written responses on the second tier of the CCMCT were also coded by the
researcher based on the predetermined criteria as wrong response, specific
misconception, partially correct response and correct response. Then, two experts in
science education examined these codes. The revisions were made in accordance with

the feedback given by those experts.

3.6 Assumptions of the Study

1. Students in the experimental group were not interacting with the students in the

control group.

2. The tests were administered under standard conditions.
3. The students answered the items of the tests honestly and seriously.
4. The teacher was not biased during the treatment.

3.7 Limitations of the Study

1. The study was limited to the units of chemical changes and mixtures.

2. This study was conducted with 122 students indicating a small proportion of the
accessible population.

3. The assumption of the independent observations for the statistical analyses may
not be met properly because of the administration of the tests and treatments in

groups at the same time.

4. The generalizability of this study was limited due to the convenience sampling.
5. Multiple-choice tests were used to evaluate students’ chemistry achievement.
6. Only the researcher observed the lessons.
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CHAPTER 4

RESULTS

The results were divided into five sections. In the first section, statistical
analyses of the pre-test scores on the CCMAT, CCMCT, and ASTC were presented; in
the second section, statistical analyses of post-test scores were displayed; in the third
section, students responses to the interview questions were presented; in the fourth
section, students’ ideas about the SWH approach were given, and in the last section,

classroom observation results were shared.

4.1 Statistical Analyses of Pre-test Scores

Prior to the treatment, MANOVA was conducted to determine whether there
was a statistically mean difference between control and experimental groups with
respect to conceptual understanding and chemistry achievement in the units of chemical
changes and mixtures. Univariate ANOVA was run to investigate whether there was a
statistically significant mean difference between experimental and control groups with
respect to students’ attitudes toward chemistry. Statistical analyses were performed at

.05 significance level using PASW Statistics 18.

4.1.1 Statistical Analysis of Pre-CCMAT and Pre-CCMCT Scores

Descriptive statistics for the dependent variables across the experimental and

control groups, and achievement levels were displayed in Table 4.1. In this table, CG
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refers to control group, EG refers to experimental group, LAL refers to low-
achievement level, MAL refers to medium-achievement level, and HAL refers to high-
achievement level. As seen from this table, the experimental and control group students
mean scores on pre-CCMAT and pre-CCMCT was closer to each other. However, the
mean scores of high-achieving students were higher than that of middle-achieving
students, and middle-achieving students’ mean scores were higher than that of low-

achieving students on pre-CCMAT and pre-CCMCT prior to the treatment.

Table 4.1 Descriptive statistics with respect to pre-CCMAT and pre-CCMCT scores
across experimental (N=60) and control groups (N=60), and across low-
(N=55), medium- (N=25), and high-achievement levels (N=40)

Mean SD Skewness Kurtosis

pre- pre- pre- pre- pre- pre- pre- pre-

CCMAT CCMCT CCMAT CCMCT CCMAT CCMCT CCMAT CCMCT

CG 7.733 27.71 3.695 8.548 -.188 114 -1.191 -.400
EG 9.183 28.71 2.789  10.712 -418 154 437 -.352
LAL 7.62 23.21 2.984 6.983 -421 474 -.597 -.349
MAL 8.24 28.21 3.62 10.340 -.102 178 -1.004 902

HAL 9.75 35.09 3.303 8.235 -1.053 -.743 .853 2.344

Before interpreting the MANOVA outputs, independence of observations,
multivariate normality and homogeneity of the variance-covariance matrices
assumptions were checked. It was assumed that the students took the tests independent
from each other without any interaction during the administration of the tests. The
teachers were warned about controlling the independence of the students during test
taking process. For multivariate normality assumption, skewness and kurtosis values for
the dependent variables were checked. Skewness and kurtosis values displayed in Table
4.1 can be considered as tolerable values for univariate normality, which may be a sign
of multivariate normality. Homogeneity of variance-covariance matrices was checked
through Box’s test and Levene’s test. Box’s Test result showed that the covariance

matrices of the dependent variables were equal across groups, F (15, 26759) = 1.589,
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p = .068. Results of Levene’s test in shown in Table 4.2 revealed that each dependent

variable has the same variance across groups.

Table 4.2 Levene’s test of equality of error variances

F dfl an »
pre-CCMAT 1.898 5 114 100
pre-CCMCT 802 5 114 550

Having met the assumptions of MANOVA, the results were interpreted. Results
were displayed in Table 4.3.

Table 4.3 MANOVA results with respect to collective dependent variables

Sig.
Source Wilks’ Lambda Multivariate F  Hypothesis df  Error df (j
Group .945 3.319 2 113 .040
Ach. Level .696 11.224 4 226 .000
Group*Ach. Level .989 308 4 226 872

The findings indicated that there was a significant mean difference between
experimental and control groups with respect to collective dependent variables. In
addition, there was a significant mean difference across students’ achievement levels in
collective dependent variables. In order to find out whether the significant differences
were on both dependent variables or just one, further univariate ANOVA results were
interpreted. The univariate results with respect to achievement level and group were

presented in Table 4.4.
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Table 4.4 Univariate ANOVA results with respect to achievement levels

Dependent )
Source . dfl df2 F Sig. (p)

Variable

pre-CCMAT 1 114 6.689 011
Group

pre-CCMCT 1 114 713 400

pre-CCMAT 2 114 5.259 .007
Ach. Level

pre-CCMCT 2 114 23.986 .000

As seen from the Table 4.4, there was a statistically significant mean difference
between experimental and control groups with respect to pre-CCMAT scores, and there
were significant differences among low-, medium-, and high-achievement levels with
respect to both pre-CCMAT and pre-CCMCT scores. Because there are three levels of
the independent variable, achievement level, it is necessary to understand where the
significant differences lie. For this reason, follow-up pairwise comparisons were
interpreted. Post Hoc test results were displayed in Table 4.5.

In Table 4.5, it was seen that there were significant differences between the
students in low-achievement level and high-achievement level on pre-CCMAT and pre-
CCMCT scores. There were also significant differences between low-achieving students
and medium-achieving students, and medium-achieving and high-achieving students on
pre-CCMCT scores.

In order to identify whether the significant differences observed in achievement
levels were the same across experimental and control groups. The significance of the
interaction effect between achievement level and group variables were interpreted. It
was seen that there was no significant interaction effect between group and achievement
level. That means there were significant differences between the achievement levels in

both experimental and control group students.

88



Table 4.5 Follow-up pairwise comparisons

Dependent Mean

Ach. Level Ach. Level Std. Error Significance
Variable Difference
MAL -.62 766 1.000
LAL _
HAL 2.13 661 .005
LAL 62 766 1.000
pre-CCMAT  MAL
HAL -1.51 810 195
LAL 2.137 661 .005
HAL
MAL 1.51 810 195
MAL -5.00" 1.991 .040
LAL _
HAL -11.88 1.715 .000
LAL 5.007 1.991 .040
pre-CCMCT MAL -
HAL -6.88 2.104 .004
LAL 11.88° 1.715 .000
HAL _
MAL 6.88 2.104 004

Moreover, the correlation between SES, age, gender, and pre-CCMCT and pre-
CCMAT were also computed in order to find out whether any significant relationships
exist among them prior to the study. Before looking at the correlations, the descriptive
statistics of these variables were presented in Table 4.6. According to this table, it was
seen that males were more than females in both experimental and control groups.
Generally, the students were born in 1993 and 1994 in both groups and their socio-
economic level was medium in both groups.

The correlations of these variables with the pre-test scores were given in Table
4.7. According to this table, there were no significant relationship between SES, age,
gender, and pre-CCMAT and pre-CCMCT. Only between pre-CCMAT and pre-
CCMCT was a significant moderate relationship. Therefore, the students in the

experimental and control groups were similar.
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Table 4.6 Descriptive statistics with respect to SES, age, and gender across
experimental (N=60) and control groups (N=60)

Mean SD Skewness Kurtosis
SES
CG 7.88 2.762 250 -.950
EG 7.93 2.537 161 -.250
Total 7.91 2.641 207 -.672
Age
CG 1993.77 427 -1.294 -.339
EG 1993.73 516 -1.818 2.582
Total 1993.75 472 -1.647 1.796
Gender
CG 1.50 .504 ,000 .608
EG 1.52 504 -,068 -2.065
Total 1.51 502 -.034 -2.033

Table 4.7 Correlations of gender, age, and SES with the pre-test scores

Gender Age SES Pre-CCMAT Pre-CCMCT
Gender - 133 -.003 010 -.081
Age -.133 - 076 132 214
SES -.003 076 - -.009 176
Pre-CCMAT  .010 132 -.009 - 396"
Pre-CCMCT ~ -.081 214 176 396" -

* Correlation is significant at the 0.05 level.

4.1.2 Statistical Analysis of Pre-ASTC Scores

Descriptive statistics for the dependent variables including skewness and

kurtosis across groups were presented in Table 4.8. According to this table, students in

90



the control group had more favorable attitudes toward chemistry than those in

experimental group prior to the treatment.

Table 4.8 Descriptive statistics with respect to pre-ASTC scores across experimental
(N=60) and control groups (N=60)

Mean SD Skewness Kurtosis
CG EG CG EG CG EG CG EG
pre-ASTC 54.65 53.03 9.631 10.727 -.604 -471 .658 1.270

Independence of observations, univariate normality and equality of variances
assumptions were checked prior to the interpretation of the univariate ANOVA outputs.
Although the students interacted among each other during the treatment, it was assumed
that they took the tests separately and they did not interact with each other during the
administration of the tests. The teachers were warned about controlling the
independence of the students during test taking process. For normality assumption,
skewness and kurtosis values for the individual dependent variables were checked.
Equality of the variances assumption was tested with Levene’s test.

Skewness and kurtosis values in Table 4.8 are the indicators of a univarite
normality for the individual dependent variables across experimental and control
groups. Except one value, these values are between -1.00 and +1.00, it can be concluded
that dependent variables are normally distributed. Levene’s tests indicated non-
significant results by proposing that normality assumption was met and population
variances of the dependent variables were the same across the groups. The results of the

Levene’s tests were shown in Table 4.9.

Table 4.9 Levene’s test of equality of error variances

F dfl daf »
pre-ASTC 309 1 118 579

Having met the assumptions of univariate ANOVAs, the results were

interpreted. Results were displayed in Table 4.10.
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Table 4.10 Univariate ANOVA results with respect to dependent variable

F dfl af P)
pre-ASTC 763 1 118 384

The results revealed that there was no significant mean difference in students’
attitudes toward chemistry between experimental and control groups prior to the
treatment. Therefore, the students in both groups were similar with respect to attitudes

toward chemistry.

4.2 Statistical Analyses of Post-test Scores

The hypotheses stated in Chapter 1 were tested using MANCOVA because there
were significant differences between the experimental and control groups with respect
to pre-CCMAT and pre-CCMCT scores at the beginning of the study. In order to partial
out the unwanted effects of the pre-tests, MANCOVA was conducted. In this statistical
analysis, treatment and achievement level were independent variables, post-CCMAT
scores and post-CCMCT scores were the dependent variables, and pre-CCMAT and
pre-CCMCT were the covariates. Statistical analyses were performed at .05 significance
level using PASW Statistics 18.

Descriptive statistics for the dependent variables across the experimental and
control groups, and achievement levels were displayed in Table 4.11. As seen from
Table 4.11, the students in experimental group had the higher mean scores on post-
CCMAT and post-CCMCT than those in control group. In addition, high-achieving
students had higher mean scores than middle-achieving students, and middle-achieving
students had higher mean scores than low-achieving students in post-CCMAT and post-
CCMCT.
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Table 4.11 Descriptive statistics with respect to post-CCMAT and post-CCMCT scores
across experimental (N=60) and control groups (N=60), and across low-
(N=55), medium- (N=25), and high-achievement levels (N=40)

Mean SD Skewness Kurtosis
post- post- post- post- post- post- post- post-
CCMAT CCMCT CCMAT CCMCT CCMAT CCMCT CCMAT CCMCT
CG 8.983 30.01 3.647 10.235 .109 159 -.283 -913
EG 13.75 36.74 2.229 11.104 -.111 101 -.609 -.035
LAL 10.07 28.27 4.586 10.08 .016 519 -.975 -.374
MAL 11.72 36.37 3.048 11.843 -.075 -.107 -.666 -.734
HAL 12.92 38.53 2.313 9.117 -.336 .349 -.591 1.745

Before interpreting the MANCOVA outputs, the assumptions of independence
of observations, homogeneity of the variances and covariances, multivariate normality,
correlation between dependent variable and covariate, correlations among covariates,
and homogeneity of the regression slopes were tested. It was assumed that the students
took the tests independent from each other without any interaction during the
administration of the tests. The teachers were warned about controlling the
independence of the students during test taking process. For univariate normality
assumption, skewness and kurtosis values for the dependent variables were checked.
Skewness and kurtosis values, displayed in Table 4.11, can be considered as tolerable
values for univariate normality, which may be a sign of multivariate normality.
Homogeneity of variance-covariance matrices was checked through Box’s test and
Levene’s test. Box’s Test result showed that the covariance matrices of the dependent
variables were equal across groups, F (15, 26759) = 1.072, p = .377. Results of
Levene’s test shown in Table 4.12 revealed that each dependent variable has the same

variance across groups.
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Table 4.12 Levene’s test of equality of error variances

F dfl af P)
post-CCMAT 1.077 5 114 377
post-CCMCT 962 5 114 444

The correlation between dependent variables and covariates should be
significant. This assumption was checked through the calculation of correlations
between them. The correlations between post-CCMAT and pre-CCMAT (p = .000),
post-CCMAT and pre-CCMCT (p = .002), post- CCMCT ad pre-CCMAT (p = .001),
and post-CCMCT and pre-CCMCT (p = .000) were significant.

The correlations between the covariates should not be too strong. This
assumption was tested through the bivariate correlation. The correlation between pre-
CCMAT and pre-CCMCT was found to be .396, indicating a medium relationship
according to Cohen’s (1992) criteria.

Homogeneity of the regression slopes assumption was tested by checking the
significance of the interaction between the treatment and covariates. No custom
interaction was found between the treatment and pre-CCMAT (Wilks’ Lambda = .997,
F (2, 103) = .132, p = .876), and between the treatment and pre-CCMCT (Wilks’
Lambda = .979, F' (2, 103) = 1.103, p = .336).

Having met the assumptions of MANCOVA, the results displayed in Table 4.13

were interpreted.
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Table 4.13 MANCOVA results with respect to collective dependent variables

Wilks’  Multivariate  Hypothesis Error  Sig.  Effect

Source Power
Lambda F df df ) size

Pre-CCMAT 912 5.346 2 111 .006  .088 831
Pre-CCMCT 943 3.372 2 111 .038 .057 .625
Group 610 35.543 2 111 .000  .390 1.000
Ach. Level .856 4.490 4 222 .002 .075 938
Group*Ach.

731 9.428 4 222 .000 .145 1.000
Level

Main Effect: The findings indicated that there was a significant mean difference
between experimental and control groups with respect to collective dependent variables
when the effects of pre-CCMAT and pre-CCMCT mean scores were controlled. The
size of the mean difference between experimental and control groups was large (Cohen,
1992). That means, 39% of the multivariate variance on the dependent variables was
associated with the treatment. In addition, power, the probability of detecting a
significant difference when it truly exists, was found to be 1. These findings revealed
that the difference found between experimental and control groups arouse from the
treatment effect and this difference had practical importance. What is more, a significant
mean difference across students’ achievement levels was found in collective dependent
variables.

In order to determine whether the effect of treatment and achievement level were
significant on each dependent variable, univariate ANCOVA results were interpreted.

Table 4.14 shows the results of univariate ANCOVAs.

95



Table 4.14 Univariate ANCOVA results with respect to dependent variables

Dependent Sig. Effect
Source . df1 df2 F ) Power
Variable ®») Size
post- 1 112 10.778  .001 .088 902
Pre-CCMAT CCMAT
post- | 112 650 422 - -
CCMCT
post- | 112 558 457 - -
Pre-CCMCT CCMAT
post- 1 112 6.804 010 057 734
CCMCT
post- 1 112 70972  .000 388 1.000
G CCMAT
roup
post- 1 112 9.969 .002 082 879
CCMCT
post- 2 112 6533 002 104 902
Ach. Level CCMAT
post- 2 112 5.080 .008 .083 811
CCMCT
post-
Group*Ach. COMAT 2 112 19.899  .000 262 1.000
Level post- 2 112 184 832 ; ;
CCMCT

As seen from the table 4.14, there was a statistically significant mean difference
between the experimental and control groups in the favor of experimental group with
respect to post-CCMAT and post-CCMCT scores, when the effects of pre-CCMAT and
pre-CCMCT mean scores were controlled.

In addition, significant differences were observed among the low-, medium-, and
high-achieving students with respect to these two dependent variables, in the favor of
experimental group. Further analyses of pairwise comparison were interpreted to
explore the differences among the achievement levels. Post Hoc test results were

displayed in Table 4.15.
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Table 4.15 Follow-up pairwise comparisons

Dependent Mean
Ach. Level Ach. Level Std. Error Significance
Variable Difference
MAL -1.64" 576 .030
LAL .
HAL 2.85 579 001
LAL 1.64" 576 .030
post-CCMAT MAL
HAL -1.20 623 219
LAL 2.85 579 001
HAL
MAL 1.20 623 219
MAL -8.09" 2.332 .008
LAL ]
HAL -10.26 2.342 .009
post- LAL 8.09 2.332 .008
MAL
CCMCT HAL 2.16 2.522 977
LAL 10.26 2.342 .009
HAL
MAL 2.16 2.522 977

In Table 4.15, it was seen that there were significant differences between the
students in low-achievement level and medium-achievement level, low-achievement
level and high-achievement level on both pre-CCMAT and pre-CCMCT scores.

Interaction Effect: In Table 4.13, it was seen that there was a significant
interaction effect between group and achievement level on the collective dependent
variables. In order to conceptualize whether this significant interaction effect differs
with respect to individual dependent variables, further univariate ANCOVA outputs
(see Table 4.14) were interpreted. The univariate ANCOVA results revealed that there
was a significant interaction effect between group and achievement level with respect to
post-CCMAT scores but there was no significant interaction effect between group and
achievement level with respect to post-CCMCT scores. The interaction between group

and achievement level was presented in Figure 4.1.
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Figure 4.1 Interaction between group and achievement level with respect to post-
CCMAT scores

According to Figure 4.1, low-, medium-, and high-achievers performed closer to
each other on post-CCMAT in the experimental group but in the control group, there
were differences among low-, medium-, and high-achievers. High-achievers scored
higher than medium-achievers, and medium achievers scored higher than low-achievers
in the control group. In addition, the mean difference between experimental and control
group in low-achievement level was the greatest and that of in high-achievement level
was the smallest. In order to determine whether these differences were significant at .05
values, three separate univariate ANOVAs were conducted. For each univariate
ANOVA, the group was treated as independent variable, and students’ scores on post-
CCMAT was dependent variable. For each univariate ANOVA, first the assumptions
were checked. It was assumed that the students took the tests independent from each

other without any interaction during the administration of the tests. The teachers were
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warned about controlling the independence of the students during test taking process.
For univariate normality assumption, skewness and kurtosis values for the dependent
variables were checked. Skewness and kurtosis values displayed in Table 4.16 can be
considered as tolerable values for univariate normality. Homogeneity of variances
assumption was checked through Levene’s test. Results of Levene’s test shown in Table
4.17 revealed that each dependent variable has the same variance across groups in LAL
and MAL, but not in HAL. The violation of this assumption in HAL does not constitute
a major problem because the sample sizes were equal across experimental and control

groups.

Table 4.16 Descriptive statistics with respect to post-CCMAT scores across
experimental and control groups for each achievement level

N Mean SD Skewness Kurtosis

EG CG EG CG EG CG EG CG EG CG

LAL 27 28 1354 639 263 260 -169 -005 -1.101 1.05
MAL 13 12 13.70 975 229 253 -205 418 -.063 272
HAL 20 20 13.89 1215 1.59 268 .028 .150 -283 -1.13

Table 4.17 Levene’s test of equality of error variances

F dfl af P

LAL 203 1 53 654
MAL 329 1 23 572
HAL 6.818 1 38 013

The results of the three separate univariate ANOVAs were displayed in Table
4.18.
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Table 4.18 Three separate univariate ANOVA results with respect to post-CCMAT

scores
F dfl df2 p Effect Size Power
LAL 106.347 1 51 .000 .676 1.000
MAL 10.482 1 21 .004 333 .870
MAL 3.982 1 36 .054 - -

In Table 4.18, it was seen that low-achieving students in the experimental group
significantly outperformed low-achieving students in the control group with respect to
post-CCMAT scores. Likewise, medium-achieving students in the experimental group
significantly scored higher than medium-achieving students in the control group.
According to Cohen (1992), the size of these differences is large. However, the
difference between high-achieving students in the experimental and control groups was
not significant.

Figure 4.2 and Figure 4.3 compare low-, medium-, and high-achieving students’
mean scores on pre-CCMAT and post-CCMAT across experimental and control groups,
respectively. According to Figure 4.2, there were differences in the mean scores of low-,
medium-, and high-achieving students on pre-CCMAT, but there were not any
difference among the achievement levels on the post-CCMAT. In the experimental
group, the mean differences among different achievement levels disappeared at the end
of the treatment. According to Figure 4.3, there were differences in the mean scores of
low-, medium-, and high-achieving students on both pre-CCMAT and post-CCMAT. In
the control group, the mean differences among different achievement levels appeared

even after the traditional instruction.
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Figure 4.2 Comparison of low-, medium-, and high-achieving students’ mean scores on
pre-CCMAT and post-CCMAT in experimental group
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Figure 4.3 Comparison of low-, medium-, and high-achieving students’ mean scores on
pre-CCMAT and post-CCMAT in control group
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Students’ responses on post-CCMAT and post-CCMCT were also examined in
this particular study. The percentages of students’ correct responses on the post-
CCMAT for each item were displayed in Figure 4.4, and the percentages of students’
responses on the post-CCMCT were shown in Figure 4.5. According to Figure 4.4, the
proportions of students’ correct responses in the experimental group were greater than
that of in the experimental group on post-CCMAT. Moreover, there were great
differences in the proportion of students’ correct responses in the items 3, 7, 9, 10, 11,

14, 15,17, 18, 19, and 22 across the groups in the post-CCMAT.
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Figure 4.4 Comparison of the percentages of students’ correct responses on post-
CCMAT across experimental and control groups

In item 3, students were asked how the energy changes during the chemical
reaction of burning petrol. After the treatment, the proportion of students answered this
item correctly was 56% in the experimental group, while it was only 28% in the control
group. In another item (item 7), students were given information about the usage of
oxidants as a disinfectant, and then asked which matters can be used as a disinfectant.

42% of the students in the experimental group gave correct response to this item.
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However, the percentage of students in the control group answering this item correctly
was 17%. The 9™ question was related to a chemical reaction of two salt solutions. In
this question, students were asked to choose the correct explanations based on the
information about the mixture of two different salt solutions. In the experimental group,
the percentage of students answering this item correctly was 52%, while it was 18% in
the control group.

In an item related to mixture (item 10), students were asked an example of a
mixture. 82% of the students in the experimental group responded to this item correctly.
However, the proportion of students answering this item correctly was 45% in the
control group. Likewise, students were asked an example of a heterogeneous mixture in
item 11. The percentage of students answering this question was 58% in the
experimental group while it was only 27% in the control group. There was also a
question about the properties of salt solution in item 14. 45% of the students in the
experimental group gave correct response to this item, whereas it was only 23% in the
control group. In item 15, students were given a graph about the relationship between
temperature and the amount of solute in a mixture, and then students were asked to
select the correct response among the alternatives related to the given graph. The
percentage of students selecting the correct response was 47% in the experimental
group, while it was only 15% in the control group. A question about ranking dissolution
rate of different sizes of sugar particles in water was asked to students in item 17. 87%
of the students in the experimental group ranked the dissolution rates of given sizes of
sugar particles correctly while it was 45% in the control group. In item 18, the definition
of bronze was given, and then the percentages of copper and tin by mass taken from
three different samples of bronze statue were given in a table. Then students were asked
to choose the correct information based on the table. 52% of the students in the
experimental group selected the correct response, while it was 23% in the control group.
There was an item about the solubility of gases (item 19), and the students were given a
table and then asked to find out the correct alternative. The percentage of students

having the correct response was 84% in the experimental group, while it was 43% in the
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control group. The last item (item 22) was related to the separation of mixtures. 60% of
the students in the experimental group correctly separated the given mixture based on
the given instruction. However, the percentage of students answering this item correctly
was 35% in the control group.

In addition, the results indicated that treatment has an effect on elimination
students’ misconceptions in both chemical changes and mixtures units according to the
post-CCMCT. For each item, the proportion of students’ correct responses and
misconceptions were examined. The percentages of students’ correct responses for each
item in post-CCMCT were given for each group in Figure 4.5. In this figure, the single
items represents the first tier of a question (multiple-choice), the even items following

each single item represents the second tier of that question (open-ended).
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Figure 4.5 Comparison of the percentages of students’ correct responses on post-
CCMCT across experimental and control groups

As seen in Figure 4.5, in the first tier items, the proportion of students’ correct
responses were higher than their second tier items, in favor of experimental group. In

the second tier items, some students in both groups had partial understanding, some had
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no understanding, and some held some misconceptions when they were explaining the
reason of their choice to the multiple-choice questions given in the first tier items. There
were differences in the proportion of misconceptions between experimental and control
groups. The proportion of misconceptions held by students in control groups was higher
than that of in the experimental groups in most of the items.

Related to chemical changes, the students were asked the type of change
(physical or chemical?) when a candle burns and then they were asked to make an
explanation regarding their choice, in item 1 and item 2, respectively. At the beginning
of the treatment, 48% of students in the experimental group and 50% of those in control
group thought that ‘if a candle burns, physical change occurs’. After the treatment, the
percentages of students who answered this item correctly increased from 52% to 72% in
the experimental group and from 50% to 75% in the control group. In the explanation
part of this question, the proportion of misconceptions held by the students in the
experimental group decreased from 55% to 14%. However, the proportion of
misconceptions held by the students in the control group decreased from 58% to 30%. It
did not decrease as much as in the experimental group. The common misconceptions
observed in both groups were ‘If a candle burns, it melts and that is a physical change’,
‘If a candle burns, physical change occurs because it is reversible’, ‘If a candle burns,
physical change occurs because it is an example of state change’, ‘If a candle burns,
there is a physical change because the candle melts and takes another shape’, and ‘There
is a physical change because candle can be reused after it burns’.

The students were asked the type of change occurring, when a teaspoon of salt is
added to a glass of water and then explain their reason, in item 5 and item 6,
respectively. 92% of the students in the experimental group answered this item correctly
as ‘physical change’, but the percentage of students answering this item correctly was
57% in the control group. When explaining their reason, some students showed
misconceptions (7% in the experimental group, 32% in the control group). They thought

that ‘it is a physical change because the salt melts in water’, ‘It is a chemical change,
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because we cannot obtain salt again’, and ‘‘Salt dissolves in water, so that’s a chemical
change’.

In an item related to chemical change (item 9), the students were asked the type
of change when a silver ring tarnishes. At the beginning of the treatment, 65% of the
students in the experimental group and 48% of the students in the control group
incorrectly thought that ‘if a silver ring tarnishes, physical change occurs’, but at the
end of the treatment, these percentages decreased from 65% to 14% in the experimental
group, and from 48% to 22% in the control group. Moreover, some students showed
misconceptions when they were explaining their reason for item 9. The misconceptions
held by students in the experimental (11%) and control groups (23%) were: If a silver
ring tarnishes, there is a physical change because a) it occurs at the outer part of the
silver ring; b) the ring is still silver even if it tarnishes, and c¢) we can get rid of the
tarnish of the silver ring.

Like item 9, the students were asked the type of change when a nail rusts in item
13. After the treatment, 97% of the students in the experimental group and 86% of the
students in the control group correctly responded to this question. At the beginning of
the treatment, they were 65% and 72% in experimental and control groups, respectively.
The proportions of students’ correct responses to this item were closer to each other
across groups. The students were also asked to explain their reason for item 13. After
the treatment, some students in experimental (5%) and control groups (12%) showed
misconceptions in their explanations in item 14. They thought that ‘It is a chemical
change because it is irreversible’, ‘It is a physical process because only the nail’s outer
part rusts’, and ‘It is a physical change because we can clean the rust with a sandpaper’.

Related to rusting of a nail, in item 15, the students were asked how the weight
changes when a nail rusts. Before the treatment, 43% of the students in the experimental
group and 38% of those in the control group answered this item correctly as ‘If a nail
rusts, its weight increases’. After the treatment, the percentages of students having
correct response to this item increased from 43% to 82% in the experimental group but

in the control group it only increased from 38% to 45%. In addition, there were
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differences in the proportion of alternative conceptions held by students in the
experimental and control groups. 8% of students in the experimental group and 25% of
them in the control group thought that ‘If a nail rusts, its weight decreases’ and they
explained their reason as ‘because the nail decays’. In addition, the students (10% from
experimental group and 30% from control group) who thought that ‘If a nail rusts, its
weight does not change’, explained their reason with the law of conservation of mass.
Even some students thought that ‘If a nail rusts, its weight increases’, they could not
explain the reason scientifically. That is, they thought that ‘Rust is something that is not
related to the nail and it covers the outer part of the nail, so it increases the weight of the
nail’.

Item 17 was also related to rusting of a nail, and the students were asked to
select the correct one from the given alternatives. After the treatment, 66% of the
students in the experimental group and 38% of the students in the control group selected
the correct alternative that ‘If the rust of a nail is cleaned, its weight decreases’. On the
other hand, even after the treatment, some students (11% from experimental group and
22% from control group) incorrectly believed that ‘Cold causes rusting’, and some
(25% from experimental group and 37% from control group) incorrectly thought that
‘The element, iron, changes into different elements during rusting’.

Related to mixtures, students were asked a question about the appearance of the
mixtures in item 21. After the treatment, 97% of the students in the experimental group
and 77% of those in the control group correctly responded to this question as ‘Mixtures
could be homogeneous or heterogeneous’. At the beginning, these percentages were
65% and 63% in the experimental and control groups, respectively. Some students in
the control group (13%) could not give examples of homogeneous and heterogeneous
mixtures properly. For example, some thought that salt in water is an example of
heterogeneous mixture.

In item 23, the students were given alternatives about the structure of mixtures,
and then asked to select the correct one. After the treatment, the proportion of the

correct alternative ‘Every mixture contains two or more substances’ held by the students
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were 68% and 32% in experimental and control groups, respectively. The alternative
conceptions detected in both groups were: a) Every mixture contains two or more free
elements (8% from experimental group and 35% from control group), b) Every mixture
contains two or more compounds (3% of the students in the experimental group and
18% of those in the control group), ¢) Every mixture contains only two different
substances (5% of the students in the experimental group and 13% of those in the
control group), and d) Every mixture contains only one kind of substance (2% of the
students in the experimental group and 7% of those in the control group).

In item 25, students were asked a question about the ice-water. The percentages
of students who answered to this item correctly as ‘Ice-water is heterogeneous, but not a
mixture’ were 74% in the experimental group, and 40% in the control group, at the end
of the treatment. On the other hand, some students in both groups held these alternative
conceptions: a) Ice-water is a homogeneous mixture (11% from experimental group and
25% from control group). These students thought that ice melts in water, then it
becomes a homogeneous mixture; b) Ice-water is a heterogeneous mixture (15% from
experimental group and 35% from control group). These students thought that it is a
homogeneous mixture because ice does not dissolve in water.

In item 27, the students were asked what could be the mass of the solution when
1 g salt and 20 g water were mixed together. After the treatment, 82% of the students in
the experimental group, and 58% of those in the control group correctly responded to
this item as 21 g. On the other hand, many students in the control group (27%)
incorrectly believed that ‘The mass is less than 21 g because the salt disappears in
water’. The percentage of students in the experimental group having this misconception
was only 7%.

In item 29, the students were given the following drawings (see Figure 4.6) and

then asked which drawings could belong to a mixture.
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Figure 4.6 The drawings given in 29" item of the CCMCT

At the end of the treatment, the students who could identify the mixtures from
the given drawings correctly as II and III were 50% in experimental group, and 27% in
the control group. Before the treatment, the percentages were 27% in the experimental
group, and 20% in the control group. Some students (20% from experimental group,
and 22% from control group) incorrectly thought that the drawings I and IV were
mixtures. Some of them explained their reason as ‘Drawings I and IV are mixtures, the
other drawings are elements’; and some thought that ‘Drawings I and IV are mixtures
because there should be two different elements in order to be a mixture’.

In item 37, the students were asked what happens to the sugar, when it is put
into a glass of water. The common misconception observed in both groups was ‘Melting
and dissolving are the same’. Students used the terms melting and dissolving
interchangeably. They thought that ‘Sugar melts, dissolves and disappears in the water’.
At the beginning of the treatment, the proportion of students having this misconception
was 55% in the experimental group, and 53% in the control group. At the end of the
treatment, the students having this misconception were 22% in experimental group and
43% in the control group.

In the last two items (item 39 and item 40), the students were asked the state of
the solutions. After the treatment, the percentages of students who answered this item
correctly as ‘Solutions could be in the form of solids, liquids, or gases’ were 66% in the
experimental group and 50% in the control group. The alternative conceptions observed
in both groups were: a) All solutions are in the form of liquid (16% from experimental
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group and 22% from control group). These students thought that only the liquids could
be a solvent; b) Solutions could be in the form of either liquid or gases (10% from
experimental group, and 11% from control group). These students thought that solids
cannot be dissolved among each other; and ¢) Solutions could be in the form of either
liquid or solid (8% from experimental group, and 17% from control group). These

students thought that gases cannot be dissolved, and there is not any gases solvent.

4.3 Analyses of Students’ Responses to the Interview Questions

In this study, interviews were conducted with 23 ninth grade students from both
experimental and control groups. The purpose of interviews was to obtain detailed
information about students’ reasoning of chemical change and mixture concepts.
Thirteen students from experimental group and eight students from control group were
selected voluntarily. The students were a mixture of high-, medium-, and low-achievers
in both groups. In the experimental group, out of thirteen students four students were
from high-achievers, five students were from medium-achievers, and four students were
from low-achievers. In the control group, out of eight students, two students were from
high-achievers, three students were from medium achievers, and three students were
from low-achievers. Interview results indicated that students in SWH groups had more
scientific understanding of chemistry concepts compared to those in control groups. The
interviews helped to clarify students’ misconceptions observed in chemical change and
mixture concept test (CCMCT). Students’ responses to the interview questions were
coded and then these codes were categorized into three themes: definition of the
concepts, examples of the concepts, and relationship among the concepts. The
distributions of the number (percentages) of the students in both groups across codes

were given in Table 4.19, and each category was explained in below:

110



Table 4.19 The distribution of the number (percentages) of students in experimental and
control groups across the codes identified from interviews (NA: No answer,
M: Misconception, PC: Partially correct, C: Correct)

Experimental Group Control Group
NA M PC C NA M PC C

Definition of the

concepts

- Definition of 0 0 3 10 0 0 4 4
physical change 0%) (0%) ((23%) ((77%) (0%) (0%) (50%) (50%)

- Definition of 0 0 2 11 1 2 1 4
chemical change 0%) (0%) (15%) (85%) (12%) (25%) (12%) (50%)

- Definition of 0 0 4 9 1 2 4 2
mixture 0%) (0%) (31%) (69%) (12%) (25%) (50%) (25%)

- Definition of 0 1 8 4 0 3 5 0
solution 0%) (B8%) (61%) (3B1%) (0%) ((37%) (62%) (0%)

Examples of the

concepts

- Examples of 1 0 0 12 1 2 0 5
physical change 8%) (0%) (0%) (92%) (12%) (25%) (0%) (62%)

- Examples of 0 0 0 13 0 0 0 8
chemical change 0%) (0%) (0%) (100%) (0%) (0%) (0%) (100%)

- Examples of 0 1 0 12 0 0 0 8
mixtures 0%) (8%) (0%) (92%) (0%) (0%) (0%) (100%)

- Examples of 2 4 3 4 0 4 2 2
solution (15%) (B1%) (23%) (@B1%) (0%) (50%) (25%) (25%)

Relationship among

the concepts

- Physical and 0 6 3 4 0 6 1 1
chemical change (0%) (46%) (23%) (B1%) (0%) (75%) (12%) (12%)

- Rusting and 1 5 3 4 1 5 1 1

- weight 8%) (38%) (23%) (31%) (12%) (62%) (12%) (12%)

- Mixture and 1 0 0 12 2 2 0 3
solution B%) (0%) (0%) (92%) (25%) (25%) (0%) (37%)

- Solubility and 0 1 4 8 0 1 6 1
pressure 0%) (8%) (31%) (61%) (0%) (12%) (75%) (12%)

- Solubility and 1 3 6 3 0 4 3 1
temperature 8%) (23%) (46%) (23%) (0%) (50%) (3B7%) (12%)

- Dissolving, 0 2 3 8 0 5 1 2
melting and 0%) (15%) (23%) (61%) (0%) (62%) (12%) (25%
disappearance (0%)  (15%)  (23%) 0) ° 0) ° 0)
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4.3.1 Definition of the Concepts

The students in both experimental and control groups were asked the definitions
of physical and chemical changes, mixture, and solution. Most of the students in the
experimental group and a few students in the control group could define these terms
scientifically. Some students in both groups defined these terms partially correctly.
Some students in the control group and a student in the experimental group could not
make any definition, and some in control group defined them incorrectly.

Related to the definition of physical change, most of the students in the
experimental group (ten students) defined it correctly but some (three students) defined
it partially correctly. For example, a student in the experimental group defined it
correctly as “A change in the physical properties of matter without a change in its
chemical properties”, and a student defined it partially correctly as “A change in matter
without a change in its properties”. The second one is partially correct because in a
physical change, the matter’s physical properties changes but chemical properties do
not.

On the other hand, in the control group, some students defined it correctly (four
students), and some defined it partially correctly (four students). For example, a student
in the control group defined it correctly as “A change in a matter without a change in its
atoms”. Some students defined physical change partially correctly as “A change in the
shape of a matter” or “A change in the state of a matter”.

About the concept of chemical change, there were correct definitions in both
experimental (eleven students) and control (four students) groups. For example, a
student in experimental group and a student in the control group defined this term
correctly as “A change in the chemical properties of a matter”. There were also some
partially correct definitions in both experimental (two students) and control (one
student) groups. For example, a student in the experimental group defined it as “A
change from one matter to another matter”, and a student in the control group defined it

as “Formation of a new matter by losing its own properties”. These students’ definitions
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were partially correct, because they were not clear. Some students in the control group
could not define this term (one student) and some defined it incorrectly (two students).
For example, a student in the control group defined chemical change as “It is the
decaying or molding of a matter without losing its properties”. This definition is
incorrect because in a chemical change chemical properties of matter changes.

Related to the definition of the mixture, nine students from experimental group
and two students from control group could define the mixture correctly. For example, a
student in the experimental group defined it as “The process of mixing two or more than
two substances without any constant proportion” and a student in the control group
defined it as “The process of mixing two or more than two substances without losing
their own characteristics”. Some students in the experimental (four students) and control
(four students) groups defined this term partially correctly. For example, a student in
experimental group defined it as “The process of mixing a few pure substances without
losing their own characteristic” and a student in the control group defined it as “The
process of mixing two substances”. Two students in the control group defined this term
incorrectly. For example, a student stated that “The process of mixing two elements”. A
student in the control group could not make any definition of mixture.

Students in both groups had a difficulty in defining the term ‘solution’. Only
four students in the experimental group could define the solution correctly but none of
the students in the control group could make a correct definition. For example, a student
in the experimental group defined it correctly as “A homogeneous mixture of two or
more substances”. On the other hand, eight students in the experimental group and five
students in the control group defined solution partially correct. For example, a student in
the experimental group defined it as “Dissolution of two substances in each other” and a
student in the control group defined it as “A matter which forms through the
combination of a solvent and a solute”. One student from experimental group and three
students in control group made incorrect definitions of the solution as dissolution of a

solid matter in a liquid matter.
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4.3.2 Examples of the Concepts

The students in both groups were asked the examples of the concepts of
‘physical change’, ‘chemical change’, ‘mixture’ and solution’. Related to the physical
change, students in both groups gave similar examples, like cutting paper into pieces,
and state changes as melting of an ice and a candle. One student from experimental
group and one student from control group could not give an example to the physical
change. In the control group, two students gave ‘spoiling of yoghurt’ and ‘burning of
candle’ as examples to the physical change incorrectly. In addition, most of the students
in the experimental and control groups stated that burning, tarnishing, and rusting
processes were examples of chemical changes. Only one student from experimental
group stated that ‘obtaining yoghurt from milk’ and a student from control group stated
that “milk souring” as examples of chemical changes different from their peers.

When students asked the examples of mixtures, most of the students in the
experimental and control groups stated ‘salt-water’ and ‘sugar-water’ as examples of
mixtures. A student in the experimental group wrongly stated that ice water was an
example of mixture. Only one student in the experimental group stated that spray was a
kind of mixture. All other examples given by the students in both groups except the
example ‘spray’ were the mixtures in which water and solid were used. The students
were also asked to give examples of solutions. Most of the examples of solutions were
in the form of liquid. The most common ones were ‘salt-water’ and ‘sugar-water’. Some
students in both groups stated that alloys as an example of solid solutions, and air as an
example of gaseous solutions. Some students in both groups could not give examples of
solid and gaseous solutions although they stated there could be solid and gaseous
solutions. Some students in the both groups believed that all solutions are in the form of
liquid. For example, a student wrongly claimed, “There should be a liquid as a solvent

in a solution because solids and liquids cannot be a solvent”.
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4.3.3 Relationship among the Concepts

The students were asked the type of change in the processes of ‘burning of a
candle’, ‘tarnishing of a silver ring’, ‘rusting of a nail’ and ‘dissolving of sugar in water’
in the semi-structured interviews. These questions were also asked in CCMCT. In order
to support the findings obtained from CCMCT, these questions were also asked in the
interviews. Related to ‘burning of a candle’, all the students in the experimental group
except one, stated that it was a chemical change. The students who thought that it was a
chemical change justified their views by stating that “It is an irreversible process”, “All
burning processes are an example of chemical change”, and “Its chemical properties
changes”. On the other hand, three students in the control group stated that it was a
chemical change and out of these three students only one of them could explain the
reason of their idea as “In the burning process, there is a chemical reaction with
oxygen”. In the control group, one student incorrectly claimed that ‘burning of a candle’
was a physical change. She explained her reason as “When the candle burns, it melts,
and only its shape changes, its chemical formula does not change. For this reason, it is a
kind of physical change”. The other students held mixed views regarding the burning of
candle. Primarily, they thought that the candle melts when it burns. They also thought
that all type of burnings were chemical change. For example, one student in the control
group stated her mixed view as “There is no chemical change in burning of a candle
because only its external appearance changes, I think it is a physical change. In fact,
there is a burning process. I think it could be a chemical change because burning
processes are given as an example of chemical change, and also in here, there is a
burning process but its appearance does not change...”

About the ‘tarnishing of a silver ring’, five students in the experimental group
and two students in the control group incorrectly thought that it was a physical change.
All of these students explained their reason with reversibility of the process. For
example, a student in the experimental group incorrectly believed that “It is physical

because we can make the silver ring shiny again by immersing the tarnished silver in a
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special liquid”. The other eight students in the experimental group scientifically
explained the reason. For example, a student stated, “It is a chemical change because
there is a chemical reaction, the silver and air goes to the reaction, for this reason it
tarnishes”. On the other hand, in the control group, five students could not explain why
they thought that it was a chemical change. For example, one student in the control
group stated, “It is a chemical change. I do not know the reason, I remembered like that
based on my memorizations”.

The students were also asked the type of change in the rusting process. Almost
all of the students in both groups stated that there was a chemical change in rusting of a
metal nail. However, experimental group students’ explanations were more scientific
than control group students’ explanations. Almost all of the students explained the
reason scientifically correct in the experimental group. For example, a student stated
that “It is a chemical change because iron in the nail reacts with oxygen and iron-oxide
forms”. On the other, only a few students in the control group explained the reason
scientifically correct. Most of them explained the reason partially correct. For example,
one of them stated, “It is a chemical change because it looks like the process of
tarnishing of silver, and rusting processes are chemical”. One of the students in the
control group incorrectly thought, “There is only a color change in rusting of a metal
nail, the metal nail does not lose its properties”.

Related to rusting of a metal nail, the students were also asked whether the
weight of a metal nail changes when it rusts, and when its rust on it is removed
compared to its original (not rusted) status. As seen in Table 4.20, there were some
students in both groups holding misconceptions about the reaction between rusting and
weight. The misconceptions detected based on students’ explanations were “If a metal
nail rusts, its weight decreases because it loses its hardness”, “If a metal nail rusts, its
weight does no change because, there is not any external effect on rusting, it occurs
within the structure of the matter”, “If a metal nail rusts, its weight does not change
because of the law of conservation of matter”, “If a metal nail rusts, its weight decreases

because the rust is more lighter”, “If a metal nail rusts, its weight decreases because its
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strength decreases and the distance between the molecules increases”, “If a metal nail
rusts, its weight does not change because some iron metal goes away, and the rust
comes in lieu of that iron, the weight of them are the same, so there is no change in
weight”, “If the rust of a metal nail is removed, its original weight does not change
because it is a metal nail, again”, and “If the rust of a metal nail is removed, its original
weight does not change because when the rust is removed it returns to its original
form”. In addition, some students in both groups could not make scientific explanations
although they stated that “If a metal nail rusts, its weight increases”. Generally, the
students incorrectly thought that rust is a something that they don’t know, it comes from
outside onto the metal nail, and this makes an extra weight to the metal nail. On the
other, there were some students having scientific conceptions. For example, a student in
experimental group stated her scientific views as “If a metal nail rusts, its weight
increases because it reacts with oxygen and iron oxide forms. If we remove the rust,

some of the iron goes away from the metal nail, so its original weight decreases”.

Table 4.20 Students’ conceptions about relation between rusting and weight

Increases Decreases  does not change  do not know

EG CG EG CG EG CG EG CG

Does the weight of a

metal nail change when it 9 5 1 2 3 1 0 0
rusts?

Does the original weight
of a metal nail change,
when its rust on it is
removed?

The students were also asked the relation between mixture and solution. Some
students in experimental (one student) and control groups (two students) could not make
any relation between these two concepts. Two students in the control groups held the
misconceptions, “All the mixtures are not solutions because a solution always includes
water in it”, and “A solution is something in which melting occurs. I think, acetone is a

solution because it removes polish away from the nail. Acetone dissolves the nail polish
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in it, but it is not a mixture”. The other students correctly related solutions with mixtures
by stating that all solutions are mixtures but not all mixtures are solutions.

Related to the effect of pressure on the solubility of gases in liquids, the students
were asked ‘How does the dissolved amount of carbon dioxide changes when the lid of
the soda-water is opened?’ In the experimental group, one student incorrectly thought
that “Dissolved amount of carbon dioxide does not change when the lid of the soda-
water is opened because the dissolved amount of the substance is constant in a certain
soda-water”, and one student in the control group incorrectly stated that “The liquid
carbon dioxide transforms into gaseous carbon dioxide when the lid of the soda-water is
opened”. There were some students in both experimental (four students) and control (six
students) groups who could not explain properly why they thought that the dissolved
amount of carbon dioxide decreases when the lid of the soda-water is opened. The
percentage of students who correctly related the decrease in the dissolved amount of
carbon dioxide in soda water when its lid is opened to the pressure change was higher in
experimental group (61%) than in control group (12%).

The students in both groups had a difficulty in interpreting the effect of
temperature on the dissolved amount of gases in liquids. The students were asked to
answer the question ‘How does the dissolved amount of carbon dioxide changes when
the soda-water is put into the refrigerator?” One student in experimental group could not
give an answer to this question. In the experimental group, three students thought that
dissolved amount of carbon dioxide do not change when the soda water is put into the
refrigerator because its lid is not opened and the refrigerator’s function is only keeping
it cold. However, compared to experimental group (23%), the proportion of students’
misconceptions was higher in the control group (50%). For example, a student in
control group wrongly stated, “Dissolved amount of carbon dioxide does not change
when the soda-water is put into the refrigerator because its lid is closed”. A different
student stated his view as “Dissolved amount of carbon dioxide does not change when
the soda water is put into the refrigerator because the refrigerator keeps the dissolved

amount of carbon dioxide constant”. In addition, some of them claimed that dissolved
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amount of carbon dioxide increases when the soda water is put into the refrigerator, but
they could not justify their claims. They incorrectly explained their reason by stating
that “In the refrigerator, the pressure increases, for this reason, the dissolved amount of
carbon dioxide in soda-water increases”. Three students in experimental and a student in
control group could correctly explain the effect of temperature on the solubility of
carbon dioxide in water.

The students were asked what happens when a piece of sugar is put into the
water, and then they were asked the type of change occurring in this phenomenon. All
the students in experimental group (13 students) correctly stated that when a piece of
sugar is put into the water, there is a physical change. However, three of the interviewed
students in control group stated that phenomenon was a chemical change. One of them
incorrectly explained her view as “A new substance (sugar-water) forms when sugar is
put into the water”. A student in control group was in transition between physical and
chemical change when interpreting the given phenomenon. He incorrectly believed that
anyone cannot get sugar again from a sugar-water. In addition, students were asked
what happened to the sugar when it is put into the water. A student in experimental
group and three students in control group used dissolving and melting interchangeably
when interpreting what happened to the sugar when it is put into the water. For
example, a student stated, “Sugar melts in water”, and then the interviewer asked that
“Does it melt?”, then the same student stated, “It melts, that is, it dissolves”. A student
in experimental and two students in control group used dissolving and disappearance
interchangeably when interpreting the given phenomenon, although they believed that
there is sugar in the solution.

Interview results revealed that students in experimental (46%) and control (75%)
groups had a difficulty in distinguishing between physical and chemical changes. In
addition, some students in control group had a difficulty in defining mixture and
solution. Some students in both groups had a difficulty in understanding and giving the
examples of gaseous and solid solutions. Some students in both groups also had a

difficulty in explaining the weight change in rusting process. There were some students

119



could not making any relation between solubility of gases in liquids and pressure and
temperature. Moreover, some students in both groups used dissolving with melting and
disappearance interchangeably. Although there were some knowledge gaps and
misunderstandings of the students in both groups, the proportion of those students in
experimental group were less than that of in control group. To sum up, it was found that
the misconceptions observed in the interviews were consistent with those detected as a

result of CCMCT. That is, interview results verified the results of the CCMCT.

4.4 Students’ Ideas about the SWH Approach

At the end of the treatment, 13 students from the experimental group were
participated in semi-structured interviews. The purpose was to elicit their ideas about
the implementation of SWH. Students’ responses to the interview questions were coded
and categorized into three dimensions namely, ‘comparison of the SWH and traditional
classes’, ‘changes in students’, and ‘general ideas’. The distributions of the number
(percentages) of the students in both groups across codes were given in Table 4.21, and

each dimension was explained separately in below:

Table 4.21 The distribution of the number (percentages) of students in experimental
group across the codes identified from interviews

Codes Number of students

(Percentages)

Comparison of the SWH and traditional classes

- Activities (Experiment) 13 (100%)

- Student participation 12 (92%)

- Group activities 11 (85%)

- Writing activities 9 (69%)

- Preference of approach SWH (10 - 77%), both
SWH and Traditional
(3-23%)
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Table 4.21 The distribution of the number (percentages) of students in experimental
group across the codes identified from interviews (continued)

Changes in students

- Talking much 10 (77%)
- Learning better 13 (100%)
- Being responsible on their own learning 7 (54%)
- Involvement in activities to a greater extent 9 (69%)
- Getting higher grades 4 (31%)
- Willing to learn 10 (77%)
- Great interest in open-ended activities 5 (38%)
- Excitement in activities 12 (92%)
- Increased self-efficacy 11 (85%)
- Learning by doing 13 (100%)
- Better social skills 8 (61%)
General ideas
- Suggestions
- more SWH activities (experiments) 13 (100%)
- more discussion of the concepts 3 (23%)
- more daily life examples 3 (23%)
- consideration of University Student Selection 1 (8%)
- Problems
- Noise 3 (23%)

4.4.1 Comparison of the SWH and Traditional Classes

All the students compared SWH classes with their previous traditional chemistry
classes. Based on the students’ responses, these codes were obtained: ‘activities
(experiments)’ (100%), ‘student participation’ (92%), ‘group activities’ (85%), ‘writing
activities’ (69%), and ‘preference of approach’.

The experiments embedded in SWH classes were the main difference according
to all students. Although, the school studied in this research had a well-equipped
chemistry laboratory, the students were not using it in their classes. Some students
stated that they did not use the laboratory and made a science experiment even when

they were at primary level because of lack of the laboratory at that time. For example,
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one of the students stated, “In this semester, we had chemistry classes in the laboratory,
but in the previous semester we had classes theoretically in the classroom”. Another
student expressed his views as “It was the first time for me doing experiments in
classes”.

Another thing viewed by the students different in SWH classes was the
participation of the students. Generally, the students stated that in the previous semester,
at first, teacher was explaining the concepts and then they were taking notes in the
classroom, there were not any activity; but in this semester, they stated that they did
experiments, observations, discussions, and briefly, they learnt by doing. For example, a
student stated, “In the previous semester, only the teacher was talking in the classes, we
were listening, and solving problems, but in this semester we participated in classes”. A
different student expressed her views about students’ participation in classes as “In this
semester, we talked, discussed, and did experiments. We presented our claims and
evidences”.

All the students agreed upon the idea that group and whole-class discussions
were helpful in their learning, and thinking. For example, a student stated, “We changed
our ideas through discussion”, and another student stated, “My peers were thinking
different than me, I was also taking into consideration their views, so I started to think
about the things from different perspectives”. Some students stated that group activities
increased their friendship, participation in classes, and social skills like working
together.

Students also compared the writing activities in two semesters. They stated that
writing was a part of their classes both in two semesters but the writing activities were
different. They all stated that they were taking notes in the previous semester, but in this
semester, they wrote laboratory reports, which increased their knowledge retention. For
example, one of the students stated, “At first semester, the teacher was saying and we
were writing, and I was not learning but in this semester I wrote by myself, I learnt

more”. Another student stated, “In this semester, I was aware of my own learning
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through writing laboratory report”. A different student expressed that “In the previous
semester, it was boring when I was writing but in this semester it was enjoyable”.

Moreover, students mentioned about the advantages of determining their own
questions for their investigations. For example, one of the students stated, “We thought
about what we do not know and want to know about the topic before we prepare our
questions, as a group”. They also mentioned about advantages of constructing claims
and evidences. A student expressed his ideas as “Claims and evidences helped us to
convince our peers”.

After students compared SWH and traditional classes, they were asked which
one they would prefer. Most of the students (77%) preferred to have SWH classes rather
than traditional classes. They supported their views by providing some reasons like
learning better in SWH classes, getting high grades, involvement in activities, retention
of knowledge, and enjoyable. Three students (23%) preferred to have both SWH and
traditional classes because they thought that if they had all chemistry classes by using
SWH approach, they could not cover chemistry curriculum, which was important for

their success at University Student Selection Examination.

4.4.2 Changes in Students

Students were aware of the effect of implementation of SWH approach on
themselves. They stated some differences when they compared them in two semesters.
Generally, the students described the perceived changes as ‘learning better’ (100%),
‘talking much’ (77%), ‘being responsible on their own learning’ (54%), ‘involvement in
activities to a greater extent’ (69%), ‘getting higher grades’ (31%), ‘willing to learn’
(77%), ‘great interest in open-ended activities’ (38%), ‘excitement in activities’ (92%),
‘increased self-efficacy’ (85%), ‘learning by doing’ (100%), and ‘better social skills’
(61%).

All the students stated that they learnt better using SWH approach. For example,

a student stated “I did not like chemistry classes in the previous semester because I was
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not learning, because I did not like it, I was not successful in chemistry classes; but in
this semester | learnt better, realized that chemistry classes were funny, and started to
like chemistry classes which resulted in higher grades in chemistry”. There were some
students focusing on their talk during the instruction. For example, a student stated, “In
the previous semester, generally I was memorizing, and I was talking based on
memorization; but this semester I could add my own knowledge when I was talking”,
and another student stated, “I talked more in this semester”.

Some of the students stated that they were aware of the fact that their learning
was under their control because they were determining their own questions for their
investigations and designing the testing procedure. 69% of the students found them very
active during the learning process because they stated they actively contributed to the all
the classroom activities. 38% of the students showed a great interest in open-ended
activities. For example, a student stated his view as “When I came to each SWH class, |
was very curious about which group will investigate what question and what each group
will find as a result of laboratory investigation...because we were conducting
experiments that were not included in our textbooks, and we were not knowing the
results of those experiments in advance...Therefore I was willing to learn”. In addition,
most of the students (92%) claimed that the activities provided in SWH classes were
funny and there were great excitement in the activities.

Some students believed that their self-efficacy increased through the
implementation of SWH. For example, a student stated, “I was not thinking that I can
do an experiment by my own in the laboratory. It was an idea that was impossible for
me because I was thinking that doing an experiment was not attainable goal for me but
through the SWH activities, 1 realized that I can do experiments and I further
conceptualized that if a person learns something, s/he can do it”. A different student
stated the increase in his self-efficacy as “At the beginning of the implementation of
SWH approach, my self-efficacy was low because I was getting excited when I start to
talk in front of my peers...Doing experiments increased my self-efficacy...I was an

introversive person before having the SWH classes...” 61% of the students agreed upon
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the idea that group activities increased their social skills, like sharing their information
with their peers, being open to criticism, expressing themselves properly, and having
different point of view.

Moreover, all the students stated that some of their conceptions changed during
the implementation. When they were asked to exemplify this situation, some could not
do it. For example, a student stated, “At the beginning, I was thinking that milk is
homogeneous but then I learnt that it was heterogeneous”. Another student stated, “At
first, I was thinking that the color of the litmus-paper does not change in a mixture of
acid and bases, but then I learn that the color of the litmus-paper does not change in a

neutral solution”.

4.4.3 General ldeas

The students were asked whether they have suggestions for their improved
learning of chemistry concepts and the problems encountered in the SWH classes. All
the students suggested that SWH activities could be done for better learning in the
following semesters. In addition, some of them thought that ‘discussion of the concepts’
and ‘giving daily life examples’ could be done more in order to support learning.
However, a student made such a different suggestion, “I think it is better to have
chemistry classes considering the University Student Selection Exam (OSS)”.
Moreover, some students stated that they had some problems during the
implementation. For example, a student stated, “We were talking in front of the
classroom but some students were not listening to us, I think that was a problem”.

In summary, students stated laboratory experiments, group work, and writing
style as the main differences between SWH and traditional approach. The students
found them more active in chemistry classes compared to their previous semester
chemistry classes. All the interviewed students enjoyed the activities done in SWH
approach and claimed that they understood the chemistry concepts in SWH classes

more than in traditional classes. Generally, they preferred to have chemistry classes in
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SWH format. It can be concluded that SWH approach also affected students’ attitudes

toward chemistry positively.

4.5 Classroom Observation Results

This study was conducted over a ten-week period in a public high school. The
researcher attended all the class sessions of experimental and control groups. The main
aim of the classroom observation was to describe the implementations of SWH and
traditional approaches in experimental and control groups, respectively. The roles of the
teacher and students, the classroom activities and the interactions among students, and
between teacher and students were examined in order to provide treatment verification.
The researcher acted as a non-participant observer most of the time by filling out the
classroom observation checklist described in Chapter 3 and taking field notes during the
teachers’ implementation of the SWH and traditional approaches. The researcher helped
to the teacher in both groups during the laboratory activities only in distributing the
chemicals and materials for the laboratory investigations. Based on the analyses of the
data obtained through field notes and classroom observation checklist, the following
interpretations were done for the implementations in each group.

There were two experimental and two control groups, and two teachers. Each
teacher taught one experimental group and one control group. In these groups, the topics
related to chemical changes and mixtures were covered as a part of regular classroom
curriculum in chemistry courses. In the experimental groups, students were instructed
by using SWH approach. It was the first time for the teachers implementing this
approach, so they were inexperienced about SWH. The researcher met with the teachers
before the class time and shared what they were going to do at that class. The teachers
were not using laboratory before this investigation. They forgot the materials used in
chemistry laboratory, and to do an experiment. For this reason, they hesitated to have
classes in the laboratory at the beginning. Because SWH approach requires students’

investigations, it was a better choice to have classes in the laboratory. The laboratory
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condition of that school was very good. It was also appropriate for the group work. As
time went on, the teachers used to have classes at the laboratory. There were also
problems in terms of the students. Students were not used to have classes in the
laboratory. Some students did not use the laboratory even in their primary school
period. At the beginning, they viewed going to the laboratory as a field trip, and some
students made noise. As time passed, the students were also used to have classes at the
laboratory, and the noise decreased in the class.

In the first SWH class session, students were asked to form their own groups. In
one of the experimental classes, there were three groups with six students and two
groups with seven students, and in the other experimental group, there were five groups
with six students. Then an activity, not related to chemistry, was done in order to make
students understand the concepts of ‘question’, ‘claim’, and ‘evidence’ because SWH
was grounded on the structure of question, claim and evidence, and it was important to
make students understand these concepts beforehand. This activity was related to a
mystery death of a man. The students were given a scenario and they were asked to
formulate question, and construct claims and evidences, as a group. This activity gained
students’ attention very much. All the students participated in group work, and shared
their ideas until they reached consensus on their group’s claim and evidences. After 10
minutes, each group was asked to present their claims and evidence to the other groups.
The students shared their claims and evidences with the class. There were discussions
among the students and between the teachers and students. The students were trying to
convince others, and defending their views. At that time, the teachers guided the
discussion and tried to give a chance of talk to all the students. At that time, sometimes
all the students were talking at the same time and they were not listening to each other.
The teachers exerted effort to make students listen to each other. This activity was very
interesting for the students because it was open-ended and all the students were trying to
find out one correct answer, and they were asking to the teachers the correct answer.
The teachers said that there is not only one correct answer; they explained that it was

important to support claim and convince others. At the end of this activity, the teachers

127



discussed with the students about the meaning of claim and evidence. Then, the teachers
asked students whether they were willing to have chemistry classes like that class
session. All the students said “yes”.

Five laboratory sessions related to physical and chemical change, types of
chemical reactions, classification of mixtures, and separation of mixtures were done.
For each class session, the teachers started a discussion as a pre-laboratory activity. By
this activity, the teachers aimed to elicit students’ prior learning. Then, students were
asked to write down what they want to learn about the related topic, and formulate a
question that can be answered through a laboratory investigation. After each group
determined their own questions, each group was asked to write their questions to the
white board. The teachers read these questions and asked students whether these
questions were researchable or not. Some revisions were made on some students’
questions. Then, each group started to make a plan about their investigations. At this
time, the teachers walked around the groups and talked about the procedure of each
group. Then, the students took the materials that they needed by their own but the
chemicals were given by the teachers and the researcher. After each group completed
their materials and chemicals, they started to conduct their investigations. During the
investigations, the teachers walked around the groups and helped the groups. If needed,
the researcher helped to the teachers. The students were asked to take notes during the
observations, and recorded the data. Upon the completion of the investigations, the
students were asked to construct claims and evidences based on their data. They also
asked to construct a group claim and evidences, and write them on a paper. As soon as
all the groups completed these processes, each group came in front of the classroom and
shared their claims and evidences with other groups. The students and the teachers
asked questions about this presentation. After all the groups’ presentations, the main
concepts for that class session were discussed in detail. The teachers summarized what
they aimed for that class session, and what they did. The teachers encouraged students
to ask questions if they did not understand something or wanted to learn something. At

the end of each session, daily life applications of the concepts were also discussed.
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Students filled out most of the part of the laboratory reports in the class hours. They
filled out the remaining parts after the class hours, at their home and submitted them in
the following week, at the class hour.

On the other hand, there were 29 students in one of the control groups and 31
students in the other control group. The students in the control groups were instructed
with traditional approach. The teachers used mostly lecture and sometimes discussion
methods. The teachers did not consider students prior learning, they did not ask
questions for eliciting students’ misunderstandings. Students were required to read the
related topic from the textbook used in chemistry course prior to that lesson, but most of
them were coming to the class without reading those parts, and some of them were not
bringing their textbooks to the class. During the transmission of knowledge, the teachers
frequently used the white board to write the chemical formulas, chemical equations, and
drew some figures. Then the teachers made students to take notes. Because, the
chemistry teachers were preparing their materials for the classes together, their notes
and the problems solved in these control groups were the same. The students at the
same grade level in that school were also taking the same exams in chemistry course. At
the end of the class sessions, algorithmic problems were solved in the control groups.
They also wrote the problems on the white board and waited students to make them
solve the problems. There were a few students in both of the control groups considering
teachers’ directions, and participating in classes actively. Most of the students were
talking among each other when teacher turned back in order to write something on the
white board. The teachers were exerting much effort in order to make them silent.

Some of them were not using notebook and were not taking any notes or writing
the problems. These students were copying their friends’ notebooks for the exam. The
teachers were stating that they would be responsible for the notes taken and problems
solved in the classrooms in their exams. They were also stating that the problems that
were similar to those problems would be asked in their exams. For this reason, some of
the students were trying to understand the problems even when they did not take notes.

The teachers were also emphasizing on the participation of students. According to the
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teachers, participation of students mean, sitting silently in the classroom, taking notes,
and trying to solve problems because they were always emphasizing on these criteria in
the classroom. In addition, teachers were stating that their participation would affect
their oral exam scores. In order to get higher grades, some students were hanging their
hands when the teacher asked who wanted to come to the white board to solve the
problem. Of these students, some were coming to the white board even they did not
understand the topic. The teachers were helping to those students while they were
solving problems.

In addition to lecture and discussion methods, sometimes the teachers used
laboratory in their instruction. All the students did the same experiments in their
textbooks. Students read the procedures of the laboratory experiment prior to the class
hour and then the teachers explained the procedures of the experiment before doing the
experiment. Then, students as a group conducted the experiments with the help of the
teachers. During the laboratory activity, students recorded data and observations. After
the completion of the experiment, the teachers asked questions to their students about
the experiment, and a discussion environment occurred between the teacher and
students. At the end of the class hour, students were asked to write a laboratory report,
including purpose, procedure, observations and data, results, and discussion in their
notebooks.

Concisely, the observations in two groups revealed that SWH approach was
more effective than traditional approach in terms of gaining students’ interest in the

chemistry topics, and active participation in classes.

4.6 Summary of the Results

Pre-test results revealed that there was a statistically significant mean difference
between experimental and control groups with respect to pre-CCMAT and pre-CCMAT
scores, in favor of the experimental group. In addition, there were significant

differences between low-achieving and high-achieving students on pre-CCMAT and
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pre-CCMCT scores. There were also significant differences between low-achieving
students and medium-achieving students, and medium-achieving and high-achieving
students on pre-CCMCT scores. Moreover, there were no significant differences
between the groups with respect to their attitudes toward chemistry, and no significant
relationships between SES, age, gender, and pre-CCMAT and pre-CCMCT scores.
Only between pre-CCMAT and pre-CCMCT was a significant moderate relationship.
Therefore, the students in the experimental and control groups were similar at the
beginning of the study with respect to these variables, except pre-test scores.

Post-test results demonstrated that there was a significant mean difference
between experimental and control groups with respect to post-CCMAT and post-
CCMCT scores, in the favor of experimental group when the effects of pre-CCMAT
and pre-CCMCT scores were controlled. In addition, significant differences were
detected among the low-, medium-, and high-achieving students with respect to these
post-test scores, in the favor of experimental group. There were significant differences
between low-achieving and medium-achieving, low-achieving and high-achieving
students on both pre-CCMAT and pre-CCMCT scores. Moreover, there was a
significant interaction effect between treatment and achievement level with respect to
post-CCMAT scores but there was no significant interaction effect between group and
achievement level with respect to post-CCMCT scores. Low-, medium-, and high-
achieving students performed closer to each other on post-CCMAT in the experimental
group but in the control group, there were differences among three achievement levels.
High-achieving students scored higher than medium-achieving and medium-achieving
scored higher than low-achieving students in the control group. However, the difference
between high-achieving students in the experimental and control groups was not
significant. It was observed that low-achieving students in the experimental group
significantly outperformed low-achieving students in the control group with respect to
post-CCMAT scores. Likewise, medium-achieving students in the experimental group
significantly scored higher than medium-achieving students in the control group did.

However, the difference between high-achieving students in the experimental and

131



control groups was not significant. At the beginning of the treatment, there were
differences between the achievement levels in both groups but the mean differences
among the achievement levels disappeared at the end of the treatment while it still
existed in the control group.

Students’ responses on each item of post-CCMAT and post-CCMCT were also
examined in this study. The proportions of students’ correct responses in the
experimental group were greater than that of in the experimental group on post-
CCMAT. In addition, post-CCMCT results demonstrated that treatment had an effect on
elimination of students’ misconceptions in both chemical changes and mixtures units.
For each item, the proportion of students’ correct responses and misconceptions were
examined. In the first tier items, the proportions of students’ correct responses were
higher than their second tier items, in favor of experimental group. In the second tier
items, some students in both groups had partial understanding, some had no
understanding, and some held misconceptions when they were explaining the reason of
their choice to the multiple-choice questions given in the first tier items. There were
differences in the proportion of misconceptions related to chemical changes and
mixtures between experimental and control groups. The proportion of misconceptions
held by students in control groups was higher than that of in the experimental groups in
most of the items.

Interviews were conducted with 21 students in both groups. The purpose of
interviews was to analyze students’ reasoning about chemical change and mixture
concepts. 13 students from experimental group and 8 students from control group
participated in interviews voluntarily. The students were a mixture of high-, medium-
and low-achievers in both groups. The results indicated that students in SWH groups
had more scientific understanding of chemistry concepts compared to those in control
groups. The interviews helped to clarify students’ misconceptions observed in post-
CCMCT. Students had a difficulty in distinguishing between physical and chemical

changes. In addition, they had a difficulty in defining solution, and homogenous and
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heterogeneous mixture. The students failed to explain the meaning of physical and
chemical changes.

13 students from the experimental group were participated in semi-structured
interviews. The purpose was to elicit their ideas about the implementation of SWH. The
results indicated that a variety of data obtained from the students regarding ‘comparison
of the SWH and traditional classes’, ‘changes in students’, and ‘general ideas’. All the
interviewed students enjoyed the activities done in SWH approach and expressed that
they understood the chemistry concepts in SWH classes more than in traditional classes.
They preferred to have chemistry classes in SWH format. The students stated laboratory
experiments, group work, and writing style as the main differences between SWH and
traditional approach. The students felt them more active in chemistry classes compared
to their previous semester chemistry classes. SWH approach also improved students’
attitudes toward chemistry.

The main aim of the classroom observation was to describe the implementations
of SWH and traditional approaches in experimental and control groups, respectively.
The roles of the teacher and students, the classroom activities and the interactions
among students, and between teacher and students were examined in order to provide
treatment verification. Classroom observations in two groups revealed that SWH
approach was more effective than traditional approach in terms of gaining students’

interest in the chemistry topics, and active participation in classes.
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CHAPTER 5

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS

5.1 Discussion of the Results

The main purpose of this study was to investigate the comparative effectiveness
of SWH and traditional approaches on 9™ grade students’ understanding of chemistry
concepts and chemistry achievement in two consecutive chemistry units on chemical
changes and mixtures. In this study, pre-tests assessing students’ chemistry achievement
and understanding of chemistry concepts in the units of chemical changes and mixtures
were administered to the students in both groups for eliciting their prior learning before
the instruction. Pre-test analyses indicated that mean scores on pre-CCMAT and pre-
CCMCT were higher in the experimental group when compared to control group. The
mean scores on pre-CCMAT and CCMCT were 7.73 and 27.71 in the control group,
and 9.18 and 28.71 in the experimental group. Considering the minimum and maximum
values that can be obtained from pre-CCMAT (min = 0, max = 22) and pre-CCMCT
(min = 0, max = 80), the mean scores of pre-CCMAT and pre-CCMCT were generally
low in both groups. That means, the level of students’ previous knowledge in chemical
changes and mixtures was generally low prior to the instruction, but students in the
experimental group held more knowledge about the chemical changes and mixtures than
those in control group. The significance of the group differences in pre-test scores was
tested and it was found that there were significant differences between the students in
the experimental and control groups with respect to their understanding of chemistry
concepts and chemistry achievement in the units of chemical changes and mixtures

before the treatment. Prior learning is very important in construction of knowledge, and
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it may affect students’ further learning positively or negatively. In the literature, prior
knowledge was stated as the most influential predictor of science achievement (Gooding
et al., 1990; Lawson, 1983) and the degree to which prior knowledge is consistent with
the new concepts (subject matter) is an indicator of the improved science learning. In
order to partial out the unwanted effects of previous knowledge on post-test scores,
students’ previous knowledge was controlled in post-test analyses by using
MANCOVA. Previous learning in the units of chemical changes and mixtures made a
statistically significant contribution to the variation in students’ understanding of
understanding of chemistry concepts and chemistry achievement measured by the post-
tests. The proportion of the variances of students’ chemistry achievement and
understanding of chemistry concepts measured by the post-tests associated with the
previous learning were 8.8%, and, 5.7%, respectively, indicating a medium effect size
(Cohen, 1992). In addition, there were significant differences among the low-, medium-,
and high-achieving students in both experimental and control group at the beginning of
the treatment. High-achievers scored significantly better than low-achievers on both
pre-CCMAT and pre-CCMCT. There were differences between low- and medium-
achieving, and medium- and high-achieving students with respect to pre-CCMCT.
Affective variables also affect science learning as well as cognitive variables
(Oliver & Simpson, 1988; Pinrich et al., 1993). Attitude is one of the important
constructs significantly contributing to science achievement and conceptual change
(Germann, 1988; Hough & Piper, 1982; Mitchell & Simpson, 1982; Salta & Tzougraki,
2004; Talton & Simpson, 1987). For this reason, students’ attitudes toward chemistry
were also examined at the beginning of the study. It was found that students had the
mean attitude score of 54.65 in the experimental and 53.03 in the control group.
Considering the maximum score (75), and minimum score (15) that can be obtained
from the attitude scale, these mean scores indicated that students’ attitudes toward
chemistry were positive but not high at the beginning of the study. In addition, students’

mean attitude scores were closer to each other in both groups and this mean difference

135



was not significant. Therefore, it can be concluded that students’ attitudes toward
chemistry influenced their learning in both groups in the same way.

The potential confounding variables were also taken into consideration at the
beginning of the study. Socio-economic status (SES), gender, and age were considered
as potential confounding variables for this study. The mean scores of SES were 7.88 in
the control group and 7.93 in the experimental group, indicating that the groups’ SES
mean scores were closer to each other. Considering the maximum (15) and minimum
(3) scores that can be obtained for SES variable, these mean scores in both groups
indicated that students’ socio-economic status were at medium level. The data also
indicated that most of the students in both groups were born in 1994, and the proportion
of males was higher than that of females in both groups. That means, students’
characteristics were almost same in both groups. Moreover, these variables (SES, age
and gender) were not interacting with the pre-test scores.

In the post-test analyses, the dependent variables (post-CCMAT and post-
CCMCT) were put together using MANCOVA because there was a moderate
relationship between these variables (r = .50). MANCOVA reduced the error variance
by adjusting Type I error (Pallant, 2005). The descriptive statistics revealed that the
post-CCMAT and post-CCMCT mean scores of the students in the experimental group
were higher than that of in the control group. When the minimum and maximum values
that can be obtained from post-CCMAT (min = 0, max = 22) and post-CCMCT (min =
0, max = 80) were considered, the post-CCMAT mean scores were moderate (EG =
13.75, CG = 8.98), but the post-CCMCT mean scores were still low (EG =36.74, CG =
30.01. However, when these post-test mean scores were compared with corresponding
pre-test mean scores, there was a considerable improvement in students’ understanding
and achievement of the chemical change and mixture concepts. The mean differences
between the groups with respect to post-test scores were also tested statistically by
controlling the effects of pre-test scores through the use of MANCOVA. The results
showed that students instructed by SWH approach scored significantly higher than those
instructed by traditional approach on both post-CCMCT and post-CCMAT. The
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proportions of variances of the achievement in chemical changes and mixtures, and
understanding of chemical change and mixture concepts explained by the treatment
were 39% and 8%, respectively. The size of the observed group differences in
achievement of chemical change and mixture was large while that of in understanding
of chemical change and mixture was medium according to Cohen’s (1992) criteria. The
findings obtained from this study are consistent with the findings of other national and
international studies in terms of supporting the idea that SWH approach leads to greater
conceptual understanding (Akkus et al., 2007; Keys et al., 1999). When the
characteristics of the SWH approach are considered, these findings can be considered as
expected outcomes, because inquiry-based activities, writing activities, and small-group
and whole-class negotiations were used together in SWH classes and all of them
contributed to the student learning. The students were engaged in laboratory
investigations through which they sought answer for their own questions. Seeking
answer for their own questions was meaningful for the students, which naturally
stimulated them to learn. Students actively involved in the learning process and they
constructed their own knowledge (Krajcik & Sutherland, 2010). The students were also
engaged in small group and whole-class negotiations. Discussion of the concepts in a
social context facilitated students’ understanding of the concepts. Students became
persuaded that the scientifically acceptable new conception was more meaningful.
Sharing ideas through the interactions between student-student and teacher-student
interactions influenced students’ construction of scientific knowledge (Burke et al.,
2005; Fellows, 1994b). Students were also engaged in writing activities through the
laboratory report writing in SWH format. The students were involved in writing
activities before, during, and after the instruction. Before the instruction, students wrote
their beginning ideas and their own questions, and the procedure for their investigations.
During the instruction, they wrote data and observations based on their experimentation,
and wrote claims and evidences based on their data and observations. At the end of the
instruction, students read from other sources and compared their interpretations with

that of other sources and their peers, and then wrote them on the report. They also wrote
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their reflections throughout the learning process. The reflection part on the laboratory
report format helped students compare their beginning ideas with the ideas that learnt
through the classroom activities. These writing activities facilitated construction of new
concepts in a scientific way (Driver, 1988; Fellows, 1994b). Moreover, SWH was a
good mean of knowledge construction through the integration of the laboratory
investigations. Related to this issue, Solsona et al. (2003) argued that many students
could not remember the experiments in the classroom. Students had a difficulty in
incorporating the information related to the experiments into their explanations about
chemical change. The authors further claimed that integration of content of the
laboratory work is essential for the students’ meaningful construction of scientific
knowledge.

Moreover, students’ chemistry achievement scores differed on both units with
respect to their achievement levels significantly. The results revealed a significant
interaction effect between treatment and achievement level indicating that benefiting
from SWH approach was related to students’ achievement levels. That is, low-achieving
and middle-achieving students in experimental groups outperformed low-achieving and
middle-achieving students in control groups. It was shown that implementation of SWH
approach was effective in closing the gap among the achievement levels.
Implementation of SWH approach helped low-achieving students develop conceptual
understanding of chemistry concepts. The achievement gap between low-achieving and
high-achieving students in the experimental group was disappeared at the end of the
study. However, the gap between achievement levels in the control group was still
significant at the end of the study. Low-achieving students in experimental groups
outperformed low-achieving students in control groups. There is not much study
investigating the effect of SWH approach on students’ academic performance in relation
to achievement levels. Akkus et al. (2007) conducted such a study and found that low-
achieving science students benefited most from the implementation of the SWH
approach. In this study, similar results were found in a different setting. Students’

science performance in relation to achievement level was also investigated by the
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researchers by using interventions rather than SWH approach. Park, Khan, and Petrina
(2009) examined students’ science performance with respect to achievement level and
found that the lowest achievement group demonstrated most significant improvement in
science achievement because of the implementation of computer-assisted instruction.
An improvement in student achievement in science significantly influenced their
attitudes toward science (Park et al., 2009). The reason why low-achievers benefited
from the SWH approach could be explained by the consideration of student prior
learning and active involvement in classroom activities. If the teachers ensure that
students have the essential prerequisite chemistry knowledge for learning the new
information, high- and low-achievers can benefit from the instruction of new concepts
equally (Chandran et al., 1987).

Students’ responses to both post-CCMCT and post-CCMAT were examined in
detail by conducting item analyses. For post-CCMAT, the proportions of students’
correct responses were examined. There were differences in the proportions of correct
responses between experimental and control groups, in favor of the experimental group.
For the post-CCMCT, students’ correct responses and misconceptions were investigated
in both groups. In both experimental and control groups, students held some
misconceptions related to chemical change and mixtures even after the instruction. Prior
conceptions were not abandoned by the learner because learning is the restructuring of
the ideas (Garnett et al., 1995). In the unit of chemical changes, students could not
discriminate between physical and chemical changes. Many students thought that
chemical changes were irreversible, while physical changes were reversible (Abraham
et al., 1994; Eilks et al., 2007; Gabel, 1999; Gensler & Redlich, 1970; Johnson, 2000a;
Palmer & Treagust, 1996; van Driel et al., 1998). However, most of the chemical
changes are reversible. For example, when the students were asked the type of change
when a silver ring tarnishes, many students claimed that’s a physical change because it
is easily reversible. Students probably developed this concept because of the teacher’s
practice in control group. During the classroom observation, it was recognized that the

teachers emphasized on the reversibility in the discrimination between physical and
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chemical change in control groups. The scientific explanation which discriminates
chemical change from the physical change as the formation of new substances with
different chemical identity was seldom mentioned by the students in control group. The
students are expected to be capable of discriminating among the concepts like element,
compound, mixture, atom and molecule for a sound understanding of the concepts of
chemical change and mixture. In addition, students must understand the interaction
between the particles of matter and the arrangement of the atoms in a chemical reaction
(Ahtee & Varjola, 1998). The knowledge about particulate nature of matter has a
constructive role in the development of the ideas of the chemical change and mixture
(Ardac & Akaygun, 2004; Johnson, 2005).

Other common misconceptions were ‘when a candle burns, there is a physical
change’, and ‘when a nail rusts, there is a physical change’ (Hesse & Anderson, 1992).
The literature also has shown that students have great difficulty in understanding
chemical changes and mixtures. For example, students find it difficult to make clear
distinctions between physical and chemical changes. In both experimental and control
groups, students held some misconceptions related to chemical changes and mixtures
even after the instruction. However, the proportion of misconceptions held by students
in control groups was higher than that of in the experimental groups. The difference
between classroom activities provided in SWH and traditional approaches may cause
the difference in students’ acquisition of the scientific conceptions. Teaching for
conceptual change requires identification of prior learning, resolution of the conflict
between prior understandings and new information, and the application of new concepts
into new situations. These steps were embedded in the implementation of SWH
approach. In the experimental group, students’ prior conceptions were taken into
account, and their misconceptions were activated through discussions in the argument-
based inquiry activities. Students were dissatisfied with their existing conceptions
through the laboratory investigations. Then, scientific conceptions were negotiated in
small group and whole-class discussions. The important part of SWH approach was the

social interaction because the scientific concepts were discussed through student-student
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and student-teacher interaction. These discussions facilitated students’ understanding of
chemical change and mixtures concepts, and encouraged the involvement of the
students in the learning process. On the other hand, in the control group, traditional
approach was used in chemistry instruction. The teacher taught the concepts of chemical
change and mixture directly without considering students’ existing conceptions.
According to Pintrich et al. (1993), classroom activities that are designed to be more
open-ended and creating student-student and teacher-student interactions facilitates the
process of conceptual change, as in the SWH approach. A practical way of fostering
conceptual change in science is to provide students with opportunities to experience
scientific phenomena through laboratory investigations and to relate scientific
conceptions with everyday life. When students operate and manipulate experimental
equipment, observe changes, take measurements, negotiate and discuss with peers
during laboratory activities, they are actively participating in learning process (Park et
al., 2009). The results of this study support the notion that it is not easy to eliminate
misconceptions just by employing traditional instructional methods (Canpolat et al.,
2006; Pinarbasi et al., 2006). The current study also revealed that there were still some
misconceptions held by a considerable number of students even after instruction. In
other words, the conceptions that are not scientific can be transformed into desired
conceptions only to some extent with the instruction because they are very resistant to
change (Andersson, 1986; Bilgin & Geban, 2006; Canpolat et al., 2006; Calik et al,
2010; Driver & Easly, 1978; Duit, 2007; Pinarbas et al., 2006).

The interviews helped to clarify students’ misconceptions in an in-depth manner.
It was found that the misconceptions observed in the interviews were consistent with
those detected as a result of the concept test. Interview results also revealed that many
interviewed students in the control group and some students in the experimental group
could not support their ideas scientifically. For example, when the students asked the
type of change when a candle burns, they answered in such a way that all burning
processes were a type of chemical change. When they were asked for further

explanation, most of them failed to explain, they asserted that they were always told that
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all burning processes were chemical change. These students were engaged in verbatim
learning in their previous years, they just memorized without considering the meaning
of the concepts or without thinking what was happening at the microscopic level
because in traditional classrooms, the teacher aims to teach the content rather than the
concepts. If the focus of the teaching becomes content, the expected information from
the students becomes more. For this reason, most of the students involve in rote learning
in traditional chemistry classes. However, SWH classes focus on acquisition of
scientific concepts rather than the content, and big ideas are determined in advance
(Ebenezer, 1992). In addition, the examples of physical and chemical changes given by
the students were very similar. Students probably developed these examples because the
majority of the examples presented in textbooks or practiced in classroom environment
have those examples. Generally, the students failed to explain the meaning of physical
and chemical changes; they had a difficulty in distinguishing between physical and
chemical changes, in defining solution, and homogenous and heterogeneous mixtures.
Personal interviews could be an indicator of student attitude (Koballa & Glynn,
2004). Using the semi-structured interview protocol, students were questioned about
their attitudes toward chemistry and implementation of the SWH approach. All the
interviewed students enjoyed the activities in SWH classroom and claimed that they
understood the chemistry concepts in SWH classes more than in traditional classes.
Students were very enthusiastic about being given control over the design of the
experiment and planning their own investigations. They preferred to have chemistry
classes in SWH format. One of the students stated that ‘I want to have chemistry classes
like this semester, because it is more enjoyable, concepts are more understandable, and
they are not going to be forgotten easily’. The students stated laboratory experiments,
group work, and writing style as the main differences between SWH and traditional
approaches. The students found them more active in chemistry classes compared to their
previous semester chemistry classes. SWH approach also affected students’ attitudes
toward chemistry positively. One of the students mentioned, “I started to like chemistry

in this semester”. Students also found the writing portion of the SWH approach very
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effective in terms of the durability of the chemistry concepts that they learnt. An
improvement in students’ attitudes toward chemistry and SWH were supported by the
previous studies (Gunel et al., 2003, Giinel et al., 2010; Erkol et al., 2008, 2010;
Kabatas et al., 2008; Rudd II et al., 2001). Students’ attitudes toward science can be
improved by using effective instruction, including hands-on activities, laboratory
activities, inquiry-based activities (Kyle, Bonnstetter, & Gadsden, 1988), and relevance
of science to daily life. Science activities that are fun and personally fulfilling have the
potential of leading positive attitudes toward science and conceptual understanding
(Koballa & Glynn, 2004). An improvement in student achievement in science

significantly influences their attitudes toward science (Park et al., 2009).

5.2 Internal Validity

In evaluating the results of an experimental study, consideration of the possible
threats to internal validity is an important issue (Frankel & Wallen, 2003). The possible
threats to internal validity of this study are, subject characteristics, mortality, location,
instrumentation, testing, history, maturation, attitudinal effect, regression, and
implementation. Controlling these threats as much as possible increases the possibility
of detecting a significant difference between the groups due to the treatment.

The major threat to the internal validity of a quasi-experimental study is subject
characteristics threat. In this study, groups, not individuals, were selected, and the
individuals were not assigned to the group randomly, which limits the control of subject
characteristics threat. Therefore, many subject characteristics (previous knowledge, age,
attitude, gender, socio-economic status, etc.) might affect the results of the study. To
control this threat, the students’ previous achievement and conceptual understanding
scores, their attitudes toward chemistry scores, and the data about their socio-economic
status, age, and gender, were obtained and assessed at the beginning of the treatment.
The experimental and control group students were not differing with respect to attitudes

toward chemistry, SES, age and gender prior to the study but there were significant
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differences between the groups in favor of the experimental group at the beginning of
the treatment. For this reason, students’ pre-test scores were taken as covariate in
conducting the post-test analyses.

Mortality threat, which defined as loss of subject, was handled by carrying out
missing data analyses. There were not any loss of subjects during the instruction. There
were some absent subjects during the data collection. Missing data analyses were done
to limit the effects of this threat.

Location threat occurs when different contexts were used in carrying out the
intervention or collecting the data. Because the students were instructed and tests were
administered in regular class hours at school, location threat was under control.

There was no change in the nature and scoring procedure of the instruments
during the study to eliminate instrument decay threat. The teachers rather than the
researcher administered the tests to the students to eliminate the threats that arise from
data collector characteristics in regular class hours at school. In addition, data collectors
were trained to eliminate data collector bias.

Testing threat occurs when an improvement of the subjects in post-test is
observed due to the use of pre-test. In this study, pre-tests were administered to both
groups at the same time. Testing threat was controlled by administering the post-test 11
weeks later than the administration of the pre-test. This time range was sufficient for the
desensitization. Moreover, because both groups were pre-tested, they were affected in
the same way if there was any effect of testing that was not controlled.

History threat occurs when unanticipated or unplanned events affect the
responses of subjects. The researchers were continually alert to any such influences that
may occur during the implementation of the study in order to control history threat. The
researcher was at the school throughout the implementation and data collection
processes. There was not any unanticipated or unplanned event affecting the subjects
during the course of the study.

Maturation threat occurs when an improvement is observed because of assessing

time rather than the treatment. In this study, all the students were at the same grade level
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and age. In addition, students were coming from the same environment and had similar
background characteristics in both groups. As time passes during the study, any change
on students due to age and experience is expected to be equal. Therefore, maturation
was not a serious problem for this study.

Attitude of subjects can be a threat when the subjects view the intervention as
novel. In this study, students in the experimental group were aware of the new
instruction and they were talking about it to their peers in control groups. Through the
implementation of SWH, students began to use the laboratory and they were talking
about the laboratory. The teachers told them laboratory was a part of their instruction in
order to make using the laboratory less novel. In order to prevent the occurrence of
negative attitudes in the control groups, the teachers used the laboratory in the control
groups, although it was not a part of their regular instruction. However, laboratory was
used for the experiments suggested in their textbooks in traditional format.

Treatments were given by the teachers of the groups and implementation threat
was controlled by training the teachers implementing the both approaches. Moreover,
the permission was granted from the teachers to observe the control and experimental
groups. In order to minimize this threat, treatment verification was conducted as
discussed in Section 3.3.5.

Regression threat was not a serious problem for this study because it usually
occurs in studies in which only one group is used. There was a comparison group in this
study and the subjects were not selected from low- or high-achieving students. In
addition, students’ pre-test scores were controlled in the post-test analyses.

The ethical issues were also taken into consideration in this particular study.
This study did not cause any physical or psychological harm, discomfort, or danger. The
proposal of this study, the instruments and the activities used in this study were
examined by ethic committee of the university to assess whether there is possible harm
to students. The committee found all the procedures followed in this study ethic. In
addition, the names of the students were not asked in the questionnaires, only their id

numbers were asked in order to match students’ data obtained from different
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instruments. It was ensured that no one else except the researcher had a chance to access

the data, and the results of the study was only used for the research purposes.

5.3 External Validity

External validity implies the extent to which the results of a study can be
generalized beyond the sample (Frankel & Wallen, 2003). The nature of the sample and
the environmental conditions gives an idea about the generalizability.

In this study, convenience sampling technique was used because in Turkey it is
difficult to obtain a sample through the random selection of the subjects. Convenience
samples cannot be considered as representative of the population. The target population
was Ankara, and the accessible population was Cankaya. There were 17 general high
schools in Cankaya, and at each general high school there were 200-250 students at 9™
grade level. For this study, the sample included 122 students in a high school, and the
number of the participants corresponded to between 2.9% and 3.6% of the accessible
population. Because the proportion of the sample of the study to the accessible
population was low and convenience sampling technique was used in this study, it can
be concluded that population generalizability of this study was limited. The sample of
this study mainly consisted of students having low previous knowledge about the
chemical change and mixture. The students’ ages ranged between 15 and 17, and they
were coming from middle-class families. The school was located in an urban
environment and had a well-equipped laboratory including all the materials necessary
for conducting the experiments at high school level. This study was conducted in the
spring semester, encompassing March, April and May. The classes were not crowded,
there were between 28 and 32 students in each class. Therefore, this study can be
generalized to other high schools having the similar characteristics. In order to enhance
the generalizability of this study, more studies can be conducted with similar samples in

similar settings.
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5.4 Implications

Such findings of this study can contribute to Turkish chemistry education by
introducing the SWH approach to chemistry education. There is not much study about
the implementation of SWH approach in chemistry education in Turkey. The findings
can also serve as a guide to teachers, textbook writers and curriculum developers in
Turkey and other countries when designing an effective chemistry instruction in the
topic of chemical changes and mixtures. Chemistry textbooks, as a main source of
knowledge in schools, might be revised and designed by considering the active
participation of the students and following the SWH approach. Teachers and textbook
writers should present and discuss with students a variety of examples of chemical
changes including reversible and irreversible. The teaching of chemistry should give
students the opportunity to construct the chemical change concept, as a phenomenon in
which one or two substances are transformed into new substances that are completely
different from the initial ones. Students should develop scientific criteria rather than
personal criteria for the identification of chemical changes. Based on these scientific
criteria, they should understand whether there is conservation or change of substance’s

identity during a matter transformation.

In recent years, there have been some curricular changes at elementary and
secondary levels in Turkey. In line with these revisions, high school chemistry
curriculum also has been revised as more student-centered. However, most chemistry
teachers at high schools have in trouble with designing student-centered activities. From
this aspect, this study may be a guide to the high school teachers in terms of the
implementation of a student-centered approach. In addition, a guidebook including
information and activities about SWH approach may be prepared for the teachers, or the
guidebooks (Norton-Meier, Hand, Hockenberry, & Wise, 2008; Hand et al., 2009)
written for the teachers in English can be translated into Turkish. Development of
students’ understanding of chemical change and mixtures is an important issue in

chemistry education because most of the phenomena in chemistry occur at the atomic or
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molecular level, and they are difficult for students to understand them due to its abstract
character (Gabel, 1999; Garnett et al., 1995). In order to enhance students’ conceptual
understanding in chemistry, the teachers need to design instruction considering multiple
representations (macroscopic, symbolic and microscopic) of the chemistry concepts.
Teachers may teach the abstract concepts in a concrete way (Chandran et al., 1987), e.g.
they may use various particulate drawings in order to make students discriminate among
homogeneous mixtures, heterogeneous mixtures and pure substances (Sanger, 2000).
The knowledge about particulate nature of matter has a constructive role in the
development of the ideas of the chemical change (Ardac & Akaygun, 2004; Johnson,
2005).

Due to the spiral nature of the Turkish chemistry curriculum, understanding of
chemical change concepts at 9" grade enhances students’ understanding of chemical
reactions and chemical equilibrium concepts, which are the topics of higher-grade
chemistry. Likewise, understanding of mixtures concepts at 9 grade enhances students’

understanding of the solution concepts at 10" and 11™

grades. Because students’ prior
learning affects their further learning, the teachers should be aware of students’ prior
learning and they should deal with these misconceptions by embedding it within the
instruction based on constructivism, like SWH approach. In order to consider students’
misconceptions, the teachers should know the possible misconceptions that their
students can likely to have. The more the teachers are aware of their students’

misconceptions, the more they could design classroom activities for the remediation of

the specified misconceptions (Andersson, 1986).

This study can be a guide for the chemistry teachers about the ways of eliciting
students’ prior learning. In this study, multiple-choice items, open-ended items, and pre-
class discussions were used in the determination of students’ previous knowledge.
Teachers should take into account students’ prior knowledge and alternative
conceptions, because they account for a significant proportion of student achievement in
science (Pmarbagi et al., 2006). Many of the misconceptions result from teacher

implementation, imprecise use of language and the abstract nature of chemistry. For this
148



reason, teachers should not only be aware of the students’ prior conceptions but also the
problems influencing their construction of scientific knowledge. The use of everyday
language in explaining chemistry phenomena, using multiple definitions, confusion of
the related concepts, memorization of the concepts, students preconceptions obtained
via experiences, inadequate prerequisite knowledge, and confidence on prior knowledge
may influence students’ understanding of the chemistry concepts (Garnett et al., 1995).
The teacher may cause the development of alternative conceptions. For this reason, they
should be very careful in using the correct language when they are talking about the
chemical phenomena. For example, a teacher can explain his/her understanding of the
water molecule by stating that water consists of hydrogen and oxygen. The student who
does not have adequate prior knowledge may misinterpret water as a mixture of

hydrogen and oxygen (Andersson, 1986).

Moreover, this study can also be a guide in assessing the students’ chemistry
conceptions because in this study it was shown that multiple-choice test items, open-
ended test items and interviews were used for assessing students’ conceptions.
Moreover, SWH approach can be implemented at schools in closing the achievement
gap among the students at high school. Normally, the aim of the education is to make all
students scientifically literate, and achieve the basic science concepts and principles.
Some of the teachers argue that the level of their students’ achievement was very low,
and those students could not perform the activities in a student-centered learning
environment. Because implementation of SWH approach is working at all achievement
levels, and effective in closing the gap among the achievement levels, the teachers can

safely use this approach.
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5.5 Recommendations

Based on the results of the study, the followings can be suggested:

l. Similar research studies can be conducted with a larger sample size and in
different high schools for the generalization of the findings to a larger

population.
2. The SWH approach can be implemented for different grade levels.
3. The SWH approach can be used for teaching different science topics.

4. This study was a short-term study, including two chemistry units. Long-term
studies of the SWH approach could be tested at different grade levels and

chemistry topics.

5. Further research can be conducted in order to investigate the effects of SWH
approach on students’ motivation, science process skills, critical thinking skills,
and epistemological beliefs, in addition to the conceptual understanding and

academic achievement.

0. Further research can be carried out to examine the effect of SWH approach on

retention of the concepts.

7. Further studies in which SWH class sessions were video-recorded could be

conducted. Then, the videotapes can be examined for the treatment verification.

8. In further studies, discourse analyses of the classroom interaction in SWH

learning environment can be conducted.
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APPENDIX A

STUDENT BACKGROUND QUESTIONNAIRE

Sevgili Ogrenciler,

Bu calismada, sizlerin Kimya dersine iligskin kavramlarinizi ve basarinizi ortaya
cikarmak amaciyla testler ve Kimya dersine yonelik tutumunuzu belirlemeye yonelik de
bir anket uygulanacaktir. Bu arastirma Kimya dersinin gelistirilmesi i¢in ¢ok énemlidir.
Yapacaginiz katkilardan dolay1 tesekkiirler.

Smifiniz: .oooeveeeeeeee.

Okul Numaraniz: ..................
Cinsiyetiniz: O Kiz O Erkek
Dogum Tarihiniz (y1l): .................

Gecen Doneme Ait Kimya Dersi Karne Notunuz: ...........

AN O S o

Annenizin Egitim Durumu:
O Ilkokul O Ortaokul O Lise O Universite [ Lisans Ustii
7. Anneniz ¢alistyor mu? O Evet 0O Hayir

Yanitiniz “evet” i€ MESIEFI: ..oevvveruverieriieiieriieeeseeee e
8. Babanizin Egitim Durumu:

O ilkokul O Ortaokul O Lise O Universite [ Lisans Ustii
9. Babaniz ¢alisiyor mu?: O Evet [ Hayir

Yanitiniz “evet” iS€ MESIETI: .oevuvvervieriieeiie et
10. Kullandigimiz okul kitaplar1 hari¢ evinizdeki kitap sayisi:
Oo0-25 0O26-60 O61-100 0O101-200 O 200’den fazla

12. Evinizde size ait ¢alisma masas1 var mi1?: [0 Evet O Hayir
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APPENDIX B

CHEMICAL CHANGE AND MIXTURE CONCEPT TEST

Ac¢iklama: Asagida kimyasal degisim ve karisimlar konularindaki kavramlarinizi
6lcmeye yonelik hazirlanmis 40 soru yer almaktadir. Sorular dikkatle okuyunuz ve her
soruyu cevaplandirmaya c¢alisiniz.

1.

Mumun yanmasi nasil bir olaydir?

a. Fiziksel bir olaydir.
b. Kimyasal bir olaydir.

Bir dnceki soruya verdiginiz cevabin nedenini agiklayiniz.

Buzun su haline gelmesi nasil bir olaydir?

a. Fiziksel bir olaydir.
b. Kimyasal bir olaydir.

Bir dnceki soruya verdiginiz cevabin nedenini agiklayiniz.

Bir cay kasig1 tuz bir bardak su igerisine atilarak karistiriliyor. Bu durumla ilgili
olarak asagidaki ifadelerden hangisi dogrudur?

a. Fiziksel bir olay gerceklesir.
b. Kimyasal bir olay gerceklesir.
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10.

1.

12.

13.

Bir 6nceki soruya verdiginiz cevabin nedenini agiklayiniz.

Soguk bir giinde odanin caminin i¢ yiizeyinde su damlaciklarinin olugsmasi nasil bir
olaydir?

a. Fiziksel bir olaydir.
b. Kimyasal bir olaydir.

Bir 6nceki soruya verdiginiz cevabin nedenini agiklayiniz.

Glimiis yliziiglin kararmasi nasil bir olaydir?

a. Fiziksel bir olaydir.
b. Kimyasal bir olaydir.

Bir dnceki soruya verdiginiz cevabin nedenini agiklayiniz.

Bir mum elektronik terazinin kefesine konularak tartiliyor ve sonra da yakiliyor.
Bir saat sonra terazide okunan deger ilk okunan degere gore nasil degisir?

a. Azalir
b. Artar
c. Degismez

Bir dnceki soruya verdiginiz cevabin nedenini agiklayiniz.

Civinin paslanmasi nasil bir olaydir?

a. Fiziksel bir olaydir.
b. Kimyasal bir olaydir.
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14

15

16

17.

18.

19.

20.

21.

Bir 6nceki soruya verdiginiz cevabin nedenini agiklayiniz.

Bir ¢ivi paslandiginda ¢ivinin agirligi ilk durumuna gore nasil degisir?

a. Azalir
b. Artar
c. Degismez

Bir 6nceki soruya verdiginiz cevabin nedenini agiklayiniz.

Metal bir c¢ivinin paslanmasi ile ilgili olarak asagidaki ifadelerden hangisi
dogrudur?

a. Soguk civinin paslanmasina sebep olur.
b. Paslanma esnasinda demir baska elementlere doniisiir.
c. Civinin pas1 temizlenirse, ¢ivinin agirligi ilk durumuna gore daha hafif olur.

Bir 6nceki soruya verdiginiz cevabin nedenini agiklayiniz.

Kibritin yanmasi ile ilgili olarak asagidaki ifadelerden hangisi dogrudur?

a. Kibritin yanmasi sonucu enerji agiga cikar (ekzotermik bir olaydir).
b. Kibritin yanmast i¢in enetji harcanir (endotermik bir olaydir).

Bir 6nceki soruya verdiginiz cevabin nedenini agiklayiniz.

Karigimlarin goriiniimleri ile ilgili olarak asagidaki ifadelerden hangisi dogrudur?

a. Karisimlarin tamami homojen goriintimliidiir.
b. Karigimlarin tamami heterojen gériiniimlidiir.
c. Karisimlar hem homojen hem de heterojen goriiniimlii olabilir.
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. Bir dnceki soruya verdiginiz cevabin nedenini agiklayiniz.

. Karisimlarin  yapist ile ilgili olarak asagidaki ifadelerden hangisi/hangileri
kesinlikle dogrudur?

Karigimlar yapilarinda en az iki ¢esit element bulundurur.
Karigimlar yapilarinda en az iki gesit bilesik bulundurur.
Karigimlar yapilarinda en az iki ¢esit saf madde bulundurur.
Karigimlar yapilarinda her zaman iki ¢esit saf madde bulundurur.
Karigimlar yapilarinda tek cins madde bulundurur.

o0 o

. Bir dnceki soruya verdiginiz cevabin nedenini agiklayiniz.

. Buzlu su ile ilgili olarak asagidaki ifadelerden hangisi dogrudur?

a. Homojen karigimdir.
b. Heterojen karigimdir.
c. Heterojendir ancak karisim degildir.

. Bir dnceki soruya verdiginiz cevabin nedenini agiklayiniz.

.1 gram tuz 20 gram su igerisinde ¢dziiniirse olusan ¢dzeltinin kiitlesi ne olur?

a. 21 gramdan daha az
b. 21 gram
c. 21 gramdan daha fazla

. Bir dnceki soruya verdiginiz cevabin nedenini agiklayiniz.
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29. Asagidaki sekillerde atomlar ve molekiiller gdosterilmektedir. Bu sekillerden
hangisi/hangileri bir karigima aittir?

: Demir atomu @ + Kiikiirt atomu * Demir (IT) stilfiir m@m : Su molekiilii
@ : Oksijen atomu : Oksijen molekiilii ®: Hidrojen atomu  (HY®) : Hidrojen molekiilii

®®
o

O

Q
255 oo @

@@@

A.Yalmz II
B. Ivelll
C. Ivelll
D. IvelV
E. Il velV

CONG
6 &
> D
(®
2O

e
®
@
19
©
O)

30. Bir 6nceki soruya verdiginiz cevabin nedenini agiklayiniz.

31. Bir gazozun kapag1 agilirsa igerisinde ¢oziinmiis CO, miktar1 nasil degisir?

a. Artar
b. Azalir
c. Degismez

32. Bir Onceki soruya verdiginiz cevabin nedenini agiklayiniz.

33. Bir gazoz buzdolabina konulursa icerisinde ¢6zliinmiis CO, miktar1 nasil degisir?
a. Artar
b. Azalir
c. Degismez
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34.

35.

36.

37.

38.

39.

40.

Bir 6nceki soruya verdiginiz cevabin nedenini agiklayiniz.

Asagidaki islemlerin hangisinde ¢6ziinme olur?

a. Suya tuz katilmasi
b. Suya buz katilmas1
c. Suya yag damlatilmasi

Bir 6nceki soruya verdiginiz cevabin nedenini agiklayiniz.

Bir kasik seker bir bardak suya atilarak karistiriliyor. Bu durumla ilgili olarak
asagidaki ifadelerden hangisi/hangileri dogrudur?

a. Seker erir.
b. Seker suda ¢6ziiniir.
c. Seker suda kaybolur.

Bir 6nceki soruya verdiginiz cevabin nedenini agiklayiniz.

Cozeltilerle ilgili olarak asagidaki ifadelerden hangisi dogrudur?

. Tamamui s1v1 halde bulunur.

. S1v1 veya gaz halde bulunabilir.

. Siv1 veya kat1 halde bulunabilir.

. Kati, s1v1 veya gaz halde bulunabilir.

00 o

Bir 6nceki soruya verdiginiz cevabin nedenini agiklayiniz.
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11.
12.
13.
14.

15.

16.
17.

APPENDIX C

OBJECTIVES

Kimyasal tepkimelerde maddelerin kimlik 6zelliklerinin degistigini agiklar
Kimyasal 6zelliklerin kimyasal degisimler ile ortaya ¢iktigini fark eder.
Kimyasal degismelere enerji degismelerinin de eslik ettigini 6rneklerle gosterir.
Kimyasal degisim ve fiziksel degisimi birbirinden ayirt eder.

Yanicilik, asitlik-bazlik, asallik gibi kimyasal ozelliklere temel olan 6rnek
tepkimelerin denklemlerini yazar.

Basit ¢coziinme-¢cokelme tepkimelerinin denklemlerini yazar.

Notrallesme tepkimelerinin genel 6zelligini agiklar.

Coziinme-¢okelme ile notrallesme tepkimelerinin ortak 6zelligi belirtilir.
Elektron aligverisi ile yiirliyen degismelerde indirgeni ve yiikseltgeni belirler.
Yaygin yiikseltgen ve indirgen maddelere kullanim alanlar ile birlikte 6rnekler
Verir.

Heterojen ve homojen karisimlar: ayirt eder.

Coziicli, ¢ozelti, ¢oziiniirliik kavramlarini iliskilendirerek agiklar.

Sicakligin ve basincin ¢oziiniirliige etkisini 6rneklerle agiklar.

Farkli maddelerin c¢oziiniirliiklerini karsilagtirarak ¢oziiniirliigiin  maddenin
kimlik 6zelliklerinden oldugunu fark eder.

Karigimlarin  bilesenleri degistikce baz1 fiziksel 06zelliklerinin degistigini
deneyerek fark eder.

Tanecik boyutu farkindan yararlanilarak gelistirilen ayirma yontemlerini agiklar.
Maddelerin birbirinden ayrilmasinda yogunluk farkindan yararlanan yontemleri

kesfeder.
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18. Coziiniirliik farklarinin maddeleri ayirmada kullanilabildigini fark eder.
19. Kaynama noktasi farkindan yararlanarak karigimlarin ayrilmasina 6rnekler verir.

20. Verilen karisimlar i¢in uygun ayirma yontemleri onerir.
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APPENDIX D

CHEMICAL CHANGE AND MIXTURE ACHIEVEMENT TEST

Ac¢iklama: Asagida kimyasal degisim ve karisgimlar konularindaki basarilarinizi
6lgmeye yonelik hazirlanmis bes sikli toplam 22 soru vardir. Sorular1 dikkatle okuyunuz
ve her soruyu cevaplandirmaya calisiniz.

1. Asagidakilerden hangisi kimyasal degisime bir drnektir?
Buzun erimesi

Suyun buharlagsmasi

Camin kirilarak pargcalanmasi

Odunun talas haline getirilmesi

Komiiriin kiile doniistiiriilmesi

moQwp>

2. Asagidakilerin hangisinde verilen maddeden karsisindaki iirin elde edilirken
fiziksel degisme olur?

Madde Urlin
Stit Peynir
Stit Yogurt

Yogurt Ayran
Elma Sirke
Uziim Sarap

moaQw>

3. Petrolin yanmasi sirasinda gerceklesen kimyasal reaksiyonla ilgili olarak
asagidakilerden hangisi dogrudur?

Herhangi bir enerji degisimi olmaz.

Reaksiyon sonucu enerji agiga cikar.

Reaksiyonun gergeklesmesi i¢in enerji harcanir.

Hem enerji agi8a ¢ikar hem de enerji harcanir.

Petroliin yapisina bagli olarak bazen enerji aciga cikar bazen de enerji

harcanir.

moawy»
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Ucg 6zdes mum asagidaki sekilde gosterildigi gibi 2 litrelik ve 1 litrelik kavanozlara
konuluyor ve ayn1 anda yakiliyor. Y ve Z mumlarinin konuldugu kavanozlarin agzi
kapatilirken X mumunun konuldugu kavanozun agzi acik birakiliyor. X, Y ve Z
mumlarindan hangisinin alevi daha 6nce soner? Neden?

p L j S=mmm—
1 As \
|
X Y Z
2L 2L 1L

A. X, Y ve Z kavanozlarindaki mumlar ayni anda soner ¢iinkii mumlar
Ozdestir.

B. Y ve Z kavanozlarindaki mumlar ayni anda ve X kavanozundaki mumdan
daha 6nce soner ¢linkli Y ve Z kavanozlar1 kapalidir.

C. X kavanozundaki mum daha once soner cilinkii kavanoz agik oldugundan
rlizgar mum alevini sondiiriir.

D. Y kavanozundaki mum daha Once soner ¢iinkii Y kavanozunda biriken
karbondioksit miktar1 daha fazladir.

E. Z kavanozundaki mum daha once soner ¢iinkii Z kavanozu igerisindeki hava
miktar1 daha azdir.

184



Bir kamp gezisi sirasinda Deniz’i bal arilar1 sokuyor. Bal aris1 sokma esnasinda
asidik bir salgi salgiliyor. Fakat, Deniz’in ilag¢ bulma imkani yok ve elinde
asagidaki maddeler var. Bu maddelerin pH degerleri ve turnusol kagidina olan
etkisi asagidaki tabloda verilmistir. Deniz acisini hafifletmek i¢in bu maddelerden
hangisini kullanmalidir?

pH | Turnusol kagidina etkisi
sut 6.7 | Turnusol kagidina etki etmez.
sirke 3.2 | Mavi turnusol kagidini kirmiziya doniistiiriir.
alkol 6.5 | Turnusol kagidina etki etmez.
yogurt 4.2 | Mavi turnusol kagidini kirmiziya doniistiiriir.
amonyakli su | 10.1 | Kirmiz1 turnusol kagidin1 maviye doniistiiriir.
A. Siit
B. Sirke
C. Alkol
D. Yogurt
E. Amonyakli su

Ailenizle hafta sonu tatilini ge¢irmek i¢in Ankara disina ¢iktiniz. Pazar aksami eve
dondiiglintizde evde elektrikler kesikti. Buzdolabinizin kapagini agtiginiz zaman,
buzun eridigini, siitiin eksidigini, tereyaginin acidigini, peynirin kiiflendigini ve etin
bozuldugunu fark ettiniz. Buz, siit, tereyagi, peynir ve ette meydana gelen
degisikliklerden hangileri fiziksel, hangileri kimyasal degisimdir?

Buzun Siitiin Tereyagimin | Peynirin Etin
erimesi | eksimesi | acimasi kiiflenmesi | bozulmasi
A. | Fiziksel | Kimyasal | Kimyasal Kimyasal | Kimyasal
B. | Fiziksel | Kimyasal | Fiziksel Fiziksel Fiziksel
C. | Kimyasal | Fiziksel | Fiziksel Kimyasal | Kimyasal
D. | Kimyasal | Fiziksel | Fiziksel Kimyasal | Fiziksel
E. | Fiziksel | Kimyasal | Kimyasal Kimyasal | Fiziksel
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7.

8.

Yiikseltgen maddeler yaygin bir sekilde dezenfektan (mikrop oOldiiriicii) olarak
kullanilmaktadirlar. Asagidaki maddelerden hangisi/hangileri dezenfektan olarak

kullanilabilir?

I. Ozon (O3)

II. Klor (Cly)

III. Potasyum permanganat (KMnOy)
IV. Karbon monoksit (CO)

V. Oksijen (O,)

A. YalmzIV

B. Ivell

C. ILIvelll

D. LILIIveV

E. LILIILIVveV

Bir ev yeni insa edildigi zaman mutfaktaki sicak ve soguk bakir su borular
parlaktir. Cok gecmeden bu borularin dis1 matlasir ve kararir. Borularin disinda
koyu renkli ince bir tabaka olusur. Sicak su borusunun disi soguk su borusunun
disina gore daha ¢ok kararir.

Bu olayla ilgili olarak, asagidaki ifadelerden hangisi/hangileri dogrudur?
I. Fiziksel degisme olur.

I1. indirgenme—yiikseltgenme reaksiyonu olur.

III. Bakir yiikseltgenir.

IV.Sicaklik reaksiyon hizini artirir.

V. Kimyasal reaksiyon sonucunda CuO veya Cu,O olusur.

A. Yalmzl

B. IIvelll

C. ILIlIveV

D. ILIVveV

E. ILIOLIVveV
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9. NaCl ve AgNO; ¢ozeltileri karistirildiginda, sekilde de gosterildigi gibi bir miktar
katimin dibe ¢oktigli gozlemleniyor. Buna gore asagidaki ifadelerden
hangisi/hangileri dogrudur?

NaCl AgNO; —_>
¢ozeltisi ¢ozeltisi
ilk durum son durum

I. Coziinme ve ¢okelme tepkimesi olmustur.

II. Tepkime sonucu NaNOj ¢okelegi olusur.

II1. Tepkime denklemi NaCl (suday T AgNO3 (suda) — AZCl ) + NaNO3 (suda)
seklindedir.

IV.indirgenme-yiikseltgenme olay1 gerceklesir.

A. YalmzI

B. Ivell

C. Ivelll

D. I, IIvelll

E. LI I velV

10. Asagidakilerden hangisi karisima bir 6rnektir?

A. Hava
B. Tuz
C. Seker
D. Demir
E. Ozon

11. Asagidakilerden hangisi heterojen karisima bir 6rnektir?

A. Siit

B. Buz

C. Buzlusu

D. Musluk suyu
E. Sekerli su
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12. Asagida gosterilen Sekil 1, 1L sekerli su cozeltisine aittir. Daire i¢ine alinmis
bliyiitiilmiis alandaki noktalar seker molekiillerini temsil etmektedir. Cizimi
karmasik hale getirmemek i¢in su molekullerl gosterilmemistir.

- W

Sekil 1 Sekil 2

Sekil 1’deki sekerli su ¢ozeltisine 1 L su eklenirse (Sekil 2), Sekil 1 de gosterilen
biiyiitiilmiis alan asagidakilerden hangisi gibi olur?

A E C D E

13. Asagidaki sekillerde sulu ¢ozeltilerin bulundugu kaplar gosterilmektedir. Her bir
“0” isareti ¢Oziinen maddeyi gostermektedir. Buna gore asagidaki ifadelerden
hanglsl dogrudur?

o o o o o 0

500 mL 500 mL 500 mL 250 mL

A ¢ozeltisi B ¢ozeltisi C ¢ozeltisi D ¢ozeltisi
B ¢ozeltisi en derisik ¢ozeltidir.

D ¢ozeltisi en seyreltik ¢ozeltidir.

B ve D ¢ozeltilerinin derisimleri (konsantrasyonlar) esittir.
C ve D ¢ozeltilerinin derigimleri esittir.

A, B ve C ¢ozeltilerinin derigimleri esittir.

MmO oW
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14. Halk arasinda tuzlu su olarak da bilinen serumun 100 mililitresinde 0.9 gram NaCl
bulunmaktadir. Serum ile ilgili olarak asagidaki ifadelerden hangisi dogrudur?

moaQw>

15. Ugucu

Su, ¢6ziinen maddedir.

NaCl, ¢oziicli maddedir.

Serum seyreltik bir ¢ozeltidir.

Serumun kiitlesi 100 gramdir.

100 mL serumda 0.9 gram NaCl ile 99.1 gram su bulunur.

olmayan X, Y, Z ar1 katilarinin farkl sicakliklarda hazirlanan sudaki doygun

¢ozeltilerindeki ¢oziinen madde miktarlarinin sicaklikla degisimi grafikteki gibidir.

A
Sicaklik

0
75+
50-

251

Il Il »

f f f f >
0,25 0,50 0,75 1,00 Coziinen madde
miktar1
(g/100 mL su)

Buna gore, X, Y, Z maddelerinin sudaki ¢ozeltileriyle ilgili asagidakilerden hangisi

dogrudur?
A. 50 °C de en az X ¢oziiniir.
B. 75 °C de en fazla X ¢oziiniir.
C. Her iigiiniin de suda ¢oziinmeleri sicaklik arttikca artar.
D. Z katismin 0,75 gramini ¢6zmek i¢in sicaklik 50 °C den yiiksek olmalidir.
E. 75°Cde X, Y, Z nin 100 mL suda ¢6ziinen madde miktarlari esittir.
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16.

17.

18.

I. Dalgiglarin, denizin derinliklerinden yiizeye ani ¢ikmast durumunda,
viicutlarinda ¢6ziinmiis olan azotun ¢oziiniirliigiiniin azalmasi sonucu olusan
vurgun olay1

II. Oda sicakliginda, bir gazoz sisesinin kapagi agilip sisenin agzina hemen elastik
bir balon gecirilmesiyle gazozdan ¢ikan karbondioksit gazinin balonu sisirmesi

II1. S1g gollerde, yaz aylarinda balik 6liimlerinin kis aylarina gére daha ¢ok olmasi

Yukaridaki durumlardan hangisinin/hangilerinin nedeni, gazlarin ¢dziiniirliigiiniin
basing degisimine bagli olmasiyla agiklanir?

A. YalnizI

B. Yalniz Il

C. Tvell

D. Ivelll

E. ITvelll
Yandaki sekilde gosterilen kaplar Kiip Toz Pudra
igerisine esit kiitlelerde kiip seker, seker seker sekeri
toz seker ve pudra sekeri atiliyor. v v v
L,, IT. ve III. kaplardaki sekerin 100 ml su 100 ml su 100 ml su
¢Oziinme hizini biiylikten kiigiige
dogru siralayimiz? 20°C 20°C 20°C

B. I>1I=11I

C. I>1I>11

D. M>>I

E. MI=11>I

Bronz, bakir ve kalaydan elde edilen bir alasimdir ve genellikle heykel yapiminda
kullanilmaktadir. Bir deneyde 3 farkli bronz heykelden alinan bronz &rnekleri
incelenmistir ve sonuglar asagidaki tabloda verilmistir.

Bronz heykel | Kiitlece bakir yiizdesi | Kiitlece kalay yiizdesi
1 85 15
2 83 17
3 86 14

Verilen bilgilere gore, bronz ile ilgili olarak asagidakilerden hangisi sdylenebilir?
A. Bakir ve kalayin kiitlece birlesme orani sabittir.
B. Bronz, bakir ve kalayin 6zelliklerini tasir.
C. Bronz, fiziksel yontemlerle bakir ve kalaya ayristirilamaz.
D. Bronzun kiitlesi icerdigi bakir ve kalayin kiitleleri toplamindan farklidir.
E. 1., 2. ve 3. bronz heykellerden alinan bronz orneklerinin yogunluklar
birbirine esittir.
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19. Bir 6grenci yaptig1 deney sonucunda asagidaki tabloyu elde ediyor. Bu 6grenci
deneyi asagidaki sorulardan hangisini yanitlamak i¢in yapmis olabilir?

Madde Kiitle Sicakhik Basing Coziiniirlik (g/100 ¢
(2 (0) (atm) su)

Azot 1 20 1 0,0019

Oksijen 1 20 1 0,0043

Karbondioksit | 1 20 1 0,169

A. Gazlarm ¢6ziiniirliigl, gazin cinsine bagli midir?

B. Gazlarn ¢6ziiniirliigl, gazin kiitlesine bagli midir?

C. Gazlarnn ¢oziliniirligii, ortamin sicakligima bagli midir?
D. Gazlarn ¢6ziiniirliigl, ortamin basincina bagli midir?
E

mudir?

Gazlarin ¢6ziintirliigi hem ortamin sicakligima hem de basincina bagl

20. Sekildeki tabloda su ve asetonun bazi fiziksel 6zellikleri verilmistir.

Molekiil Yogunluk Kaynama Donma Polarite
Agirhg Noktasi Noktasi
Su 18 g/mol lg/cm’ 100 0°C Polar
Aseton | 58 g/mol 0.79 g/cm’ 56 -95.4°C Polar

Karisim halinde bulunan su ve asetonu birbirinden ayirmak i¢in en uygun yontem

asagidakilerden hangisidir?
Stizme

Buharlastirma
Kristallendirme
Ayrimsal damitma
Ayirma hunisi ile ayirma

moaw»>

21. Yanda gosterilen slizme araci hangi
materyalleri ayirmak i¢in kullanilabilir?

Tuzlu su

Alkollii su

Kum ve talag karigimi

Biber ve su karisimini

Tuz ve biber karisimini

Mo AW
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22. Bir 6grenciye tuz, kum, demir tozu ve kiigiik mantar tipalardan olusan bir karisim
veriliyor. Ogrenci verilen karisimi asagidaki sekilde de gosterildigi gibi 4 adimdan
olusan bir yontemle ayiriyor. X, Y, Z ve T harfleri, verilen karistmdaki her bir
bileseni temsil etmektedir fakat bu harflerden hangisinin hangi bileseni temsil ettigi
bilinmemektedir.

. adim: Miknatis kullanma

X

=<

NI X
=<
N

(D C

—

Il. adim: Su ekleme ve suda X.Y.Z
yuzen bileseni uzaklastirma

i
BA/

Y.Z, su

Il. adim: Stizme Y.Z. su

N
» v\I
BA/

. Su

IV. adim: Suyu buharlagtirma 7 su

e
N
E/

Verilen bilgiler dogrultusunda karisimdaki X, Y, Z ve T bilesenleri hakkinda
asagidakilerden hangisi dogrudur?

X Y Z I
A. Kum Mantar tipa  Tuz Demir tozu
B. Mantar tipa  Tuz Kum Demir tozu
C. Mantartipa  Kum Tuz Demir tozu
D. Demirtozu  Kum Tuz Mantar tipa
E. Mantar tipa  Kum Tuz Su

19
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APPENDIX E

ATTITUDE SCALE TOWARD CHEMISTRY

Ac¢iklama: Asagida Kimya dersine yonelik tutumunuzu 6lgmeye yonelik ifadeler yer
almaktadir. Climleleri dikkatlice okuyarak size uygun olan tek bir yaniti isaretleyiniz.

katilmiyorum
Katilmiyorum
Kararsizim
Katiliyorum
Tamamen
Katiliyorum

Hig¢

Kimya ¢ok sevdigim bir alandir.

Kimya ile ilgili kitaplar1 okumaktan hoslanirim.
Kimyann giinlitk yasamda ¢ok 6nemli yeri yoktur.
Kimya ile ilgili ders problemlerini ¢6zmekten hoslanirim.
Kimya konulart ile ilgili daha ¢ok sey 6grenmek isterim.
Kimya dersine girerken sikint1 duyarim.

Kimya derslerine zevkle girerim.

Sl D FA A F ol Pl e

Kimya derslerine ayrilan ders saatinin daha fazla olmasini
isterim.

9. Kimya dersini ¢alisirken canim sikilir.

10. Kimya konularmi ilgilendiren giinliik olaylar hakkinda daha
fazla bilgi edinmek isterim.

11. Diisiince sistemimizi gelistirmede Kimya 6grenimi
onemlidir.

12. Kimya ¢evremizdeki dogal olaylarin daha iyi
anlasilmasinda énemlidir.

13. Dersler iginde Kimya dersi sevimsiz gelir.

14. Kimya konulariyla ilgili tartismaya katilmak bana cazip
gelmez.

15. Calisma zamanimin 6nemli bir kismin1 Kimya dersine
ayirmak isterim.

193



APPENDIX F

SEMI-STRUCTURED INTERVIEW SCHEDULE

A. Kavram Sorulari

1.

AR

Fiziksel degisim nedir? Ornek veriniz.

Kimyasal degisim nedir? Ornek veriniz?

Mumun yanmasi nasil bir olaydir? Neden?

Glimiis yliziigiin kararmasi nasil bir olaydir?

Metal bir ¢ivinin paslanmasi nasil bir olaydir?

- Paslanma esnasinda demire ne olur?

- Bir metal ¢ivi paslandiginda ¢ivinin agirligi ilk durumuna gore nasil degisir?

- Bir metal ¢ivinin pasi temizlenirse, ¢ivinin agirligr ilk durumuna goére nasil
degisir?

Karisim nedir? Ornek veriniz?

- Karisimlarin 6zellikleri nelerdir?

Cozelti nedir?

- Biitiin karisimlar ¢ozelti midir?

- 1 gram tuz 20 gram su igerisinde ¢dziiniirse olusan ¢ozeltinin kiitlesi ne olur?

- Cozeltiler hangi hallerde bulunurlar? (kati-s1vi-gaz) Ornek verir misiniz?

Bir gazozun kapagi agilirsa igerisinde ¢oziinmiis CO, miktart nasil degisir? Bir

gazoz buzdolabina konulursa igerisinde ¢oziinmiis CO, miktar1 nasil degisir?

. Uygulama ile Tlgili Sorular
Kimya dersini, bu donem gegen donemki ile ayni1 formatta m1 islediniz? Fark var

m1yd1? Fark varsa bu farklardan bahseder misiniz?
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10.

11.

12.

13.

14.

15.

16.

- Alternatif: Gegen donemki Kimya dersiniz ile bu donemki Kimya dersinizi
nasil karsilagtirtyorsunuz?
- Hangi smif aktiviteleri sizin kimyasal degisim ve karisgimlar konularin
anlamaniza daha ¢ok yardimei oldu? Agiklar misiniz?
- Bu donem yaptiklariniz hosunuza gitti mi?
Kimya dersinin bu donemdeki gibi mi yoksa gegen donemdeki gibi mi olmasini
istersiniz? Neden?
Gecen donem ile kiyasladigiizda bu dénem sizde degisiklikler oldu mu? Evet
ise bu degisikliklerden bahseder misiniz?
Laboratuvar  aktivitelerinde kendi sorularmizi  kendinizin  belirlemesi
o6grenmenize yardime1 oldu mu? Evet, ise nasil oldu?
Laboratuvarlarda ve deney raporlarinizda iddia ve delil olusturmanizin
ogrenmenize katkis1 oldu mu? Evet, ise nasil katkisi oldu?
Kimya dersinde gegen donemki ve bu donemki yazdiklarmizi nasil
karsilastirtyorsunuz?
Alternatif: Gegen donem neler yaziyordunuz?
Bu donem neler yazdiniz?
Farkliliklar oldu mu?
- Gegen donemki mi yoksa bu donemki mi yazdiklariniz 6grenmenize daha ¢ok
yardimci oldu? Neden?
Laboratuvar sonunda deney raporu yazmanizin 6grenmenize katkist oldu mu?
Evet ise nasil katkis1 oldu?
Deney rapor formati hakkinda neler diisliniiyorsunuz?
- Deney raporunda en ¢ok hangi boliimiin 6grenmenize yardimci oldugunu
diistinliyorsunuz?
- Deney raporunda en az hangi boliimiin 6grenmenize yardimci oldugunu

disiiniiyorsunuz?
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17.

18.

19.

20.

21.

22.

Bu donem yaptiginiz etkinliklerde grup olarak ya da sinif¢a yapilan tartismalarin
o0grenmenize yardimci oldugunu diisiiniiyor musunuz? Size ne katkisi oldu?
Neden?

Laboratuvarda deney yaparken ya da deney raporu hazirlarken fikirlerinizin
degistigi durumlar oldu mu? Bir ya da iki 6rnek verebilir misiniz?

Alternatif: Onceden yanlis bildiginiz ancak deney yaparken ya da deney raporu
yazarken yanlis bildiginizi fark edip diizelttiginiz kimya kavramlart oldu mu?
Laboratuvarda yapacaginiz deneyi segerken veya deneyi tasarlarken kontroliin
ne derece sizde oldugunu hissettiniz? Diislincelerinizi agiklar misiniz?

Gegen donem ile kiyasladiginizda bu dénem Kimya derslerinde problemler
yasadiniz mi1?

Evet, ise bu problemlerden bahseder misiniz?

Kimya derslerinde genel olarak yasadiginiz problemler var mi? Evet, ise bu
problemlerden bahseder misiniz?

Bu problemlere ¢dziim Onerileriniz var mi? Varsa neler olabilir? Kimya

konularini daha iyi 6grenmeniz i¢in neler yapilabilir?
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APPENDIX G

CLASSROOM OBSERVATION CHECKLIST

Ogretmen dersin basinda herhangi bir giris etkinligi
(tartigma, gosteri deneyi, vs.) yaptt m1?

Ogretmen 6grencilerin 6n bilgilerini dikkate aldi mi?

Ogrenciler merak ettikleri sorularla m1 geldi?

Ogrencilerin merak ettikleri sorular sinif ortaminda tartisilds
mi1?

Tartisma sonucunda her grup i¢in test edilecek sorular
belirlendi mi?

Her grup belirledikleri sorularini test etmeye yonelik uygun
bir prosediir belirledi mi?

Gruplar belirledikleri prosediirii takip ederek sorularini test
ettiler mi?

Gruplar deney sirasinda gozlemlerini kaydettiler mi?

Gruplar deney sonunda gézlemlerine ve verilerine dayali
olarak iddialar olusturdular mi?

10.

Gruplar iddialarin1 desteklemek i¢in deliller olusturdular m1?

11.

Her grup iddia ve delillerini diger gruplarla ve 6gretmenle
paylastt m1?

12.

Ogrenciler soru sormaya tesvik edildi mi?

13.

flgili konu giinliik hayatla iligkilendirildi mi?

14.

Biitiin 6grenciler aktif olarak derse katildilar m1?

15.

Ogretmen derste ve etkinlikler esnasinda yonlendirici miydi?

16.

Ogrenciler dersin islenisinden hoslandilar m1?

17.

Ogretmen grencilere doniit verdi mi?
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APPENDIX H

HANDOUT FOR TEACHERS

Argiimantasyon Tabanli Bilim Ogrenme (ATBO) yaklasimi dgrencinin aktif
olarak, arastirma yaparak kavramsal O0grenmeyi gergeklestirmesi i¢in kullanilan bir

yaklasimdir. Bu yaklasimin kullanildigr ders iyi planlanir ve uygulanirsa 6grencinin

onemli kavramlar1 anlamasi kolaylagmaktadir.

ATBO yaklasiminda, 6grencilerin &n bilgilerinin dikkate almmaktadir.

yaklasimda soru, iddia, delil ve yansimalar araciliiyla 6grencilerin diisiinme, yazma ve

tartigma faaliyetlerine yon verilmektedir. Bu yaklasimda, Ogrencilerin hazirlamasi

gereken laboratuvar raporu icin ATBO rapor format: kullanilmaktadir (bkz. Tablo 1).

Tablo 1. ATBO ve Geleneksel Laboratuvar Formatin1 Kiyaslama

Standart Rapor Formatt

ATBO Osrenci Sablonu

1. Baslik, amag.

1. Baslangi¢ Sorular1 — Sorularim nelerdir?

2. Prosediiriin ana hatlari.

2. Testler — Ne yaparim?

3. Veriler ve gozlemler.

3. Gozlemler — Ne gorebilirim?

4. Tartigma.

4. iddialar — Ne iddia edebilirim?

5. Esitlikler/denklemler, hesaplamalar,
grafikler.

5. Kanit - Nasil bilebilirim? Neden bu tiir
iddialarda bulunuyorum?

6. Benim fikirlerim diger fikirler ile nasil
kiyaslanabilir?

7. Benim fikirlerim nasil degisti?

ATBO formatinda gézlem yapma geleneksel deney formatina benzedigi halde
iddialar1 ileri siirme ve onlar1 kanitlar ile destekleme siireci geleneksel laboratuvar
formatindan farklilik gdstermektedir. Tablo 2 geleneksel laboratuvar ile ATBO

laboratuvart arasindaki bazi farkliliklarin ana hatlarmmi1 sema halinde gostermektedir.
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ATBO yaklasimma gore, deney siiresince toplanan veriler farkli sekillerde
yorumlanabilmektedir. Yapilan gozlemler ve kaydedilen verilerle ilgili olarak
c¢ikarimlarda bulunabilmek igin 6grenciler arasinda isbirligi cok 6nemlidir. Ogrencilerin
bilgilerinin nasil degistigi konusunda diisiinmeleri, olas1 yanlis anlama durumlari ile
kars1 karsiya gelmelerine ve konular1 daha derin kavramalarina yardimci olmaktadir.
Yapilandirmaci 6grenme teorisinde de ifade edildigi gibi 6grenciler bilgilerini
yapilandirarak dgrenmektedirler ve ATBO yaklasimi da 6grencilerin aktif olarak siirece
katilabilecekleri bir 6grenme ortami sunmayi hedeflemektedir. Bu 6grenme ortami
icinde Ogrenciler siire¢ igerisinde 6grenmeye daha ilgili olurlar ve sonu¢ olarak daha
fazla oOgrenirler. ATBO yaklasimm kullamildigi smiflarda  grenciler isbirligi
icerisindedirler, verilerini ve gozlemlerini kaydederler, iddialar olustururlar ve bu
iddialarin1 delillerle desteklerler. Bu nedenle, grup icerisindeki 6grenciler birbirlerine
karsi sorumludurlar. Gerek grup igerisinde gerek ise gruplar arasindaki tartigsmalar
ogrencilerin fikirlerini paylagmalarinda ve bilgilerini yapilandirma siireglerinde aktif rol
almaktadir. Ogrenciler laboratuvar etkinlikleri sonunda soru, test, gbzlem ve veriler,
iddia, deliller, okuma ve karsilastirmalar ile yansimalarm yer aldigzi ATBO rapor

formatina uygun bir sekilde deney raporlarini yazarlar.

ATBO SURECI

1. Arastirma Sorusu

a. Arastirma sorusu laboratuvar etkinliklerine yon vermeli yani laboratuvarda test
edilebilir olmal..

b. Ornegin bir arastirma sorusu ‘Bir degisken diger bir degiskene nasil bagl olabilir?’
seklinde olabilir.

c. Arastirma i¢in uygun olmayan sorular su sekillerde olabilmektedir:
- ‘Neden?’ sorulart.

- Deney yapmadan cevap verilebilen sorular.
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2. Giivenlik Hususlar:

Laboratuvarda belirli kimyasallar, aletler ve prosediirler ile calisirken hangi
giivenlik sorunlarinin dikkate alinmasi gerektigi iizerinde durulmalidir.
3. Prosediir ve Testler

Arastirma sorusuna cevap bulabilmek i¢in nasil bir yol izlenecegine grup olarak
karar verilip yaziya dokiilmelidir.
4. Gozlemler ve Veriler
a. Deney siiresince grup tiyeleri gozlemlerini ve verilerini kaydederler.
b. Ogrenciler verilerini kaydederken metin yaninda tablolar, matematiksel ifadeler,

resimler, sekiller ve grafikler kullanabilirler.

5. iddia(lar)

Ogrenciler arastirma sorularma cevap verebilmek icin deneyden elde ettikleri
gozlemler ve veriler 15181nda genel bir ¢ikarimda bulunurlar.
6. Kamit ve Analiz

Ogrenciler iddialarin1 uygun delillerle desteklerler. Delil dogrudan veri demek
degildir. Deliller verilerin yorumlanmasi ile olusturulurlar.

7. Okuma ve Karsilastirmalar

a. Sonuglarmiz sinif arkadaslarinizin sonuglari ile karsilastiriniz?

b. Sonuglarmizi farkli kaynaklardan (ders kitabi, yardimci kitaplar, internet, vs.)
okuduklariniz ile karsilagtiriniz?

8. Yansimalar

Fikirleriniz degisti mi?

IS o

Yeni sorulariniz neler?

c. Diistinmek zorunda oldugunuz yeni seyler nelerdir?

i

Deneyi yapmadan Onceki disilinceleriniz ile deneyi yaptiktan sonraki
diislinceleriniz arasinda benzerlik ve farkliliklar var mi1?

e. Budeney sonucunda 6grendikleriniz giinliik yasam ile nasil iliskilendiriyorsunuz?
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Tablo 2. Geleneksel ve ATBO Yaklasiminin Kiyaslanmasi

Geleneksel Yaklasim

ATBO Yaklasimi

- Ogretmen adim adim

Ogrenciler tahtaya arastirmak istedikleri
sorular1 yazar.

ijf:;atuvar talimatlar verir ve ders slnlf he;i .bi'rlikte hangi sorularin
etkinlik kitabinda yer alan deney 1f1£:elec§g1n1 tartigir. _ .
ile iliskili sorular sorar. Ogrenciler, sorularini test edebilmek i¢in
nasil bir yok izleyeceklerine karar
verirler.
Ogrenciler - Ogrenciler ders Ogrenciler kendi sorularina cevap
Deneysel kitabindaki ve 5gretmen vermek icin gerekli olan laboratuvar
Caligma tarafindan ana hatlari calismast yiiriitiirler.
Yiiritiirler ¢izilmis prosediirti takip Ogrenciler gozlemlerini ve elde ettikleri
ederler. verileri kaydederler
Verileri - Grup iiyeleri tiim verilere Grup igerisindeki her 6grenci verilere ve
yorumlama sahip olduklarindan emin gozlemlere dayali olarak iddia ve deliller
(iddia ve olmak i¢in birbirlerini olusturur.
deliller denetler ve sonra Grup olarak 6grenciler kendi iddia ve
olusturma) ayrilirlar. delillerini paylasirlar ve sonunda grup
iddia ve delillerini olustururlar.
Her bir grup sirastyla diger gruplara
aragtirdiklar1 soruyu, ne yaptiklarini, ve
aragtirma sonucunda ne iddia ettiklerini
anlatir. He bir grup iddialarini delillerle
- Ogrenci, grup arkadasina destekler.
Tartisma ya da gretmenine bir Bu 51r.a1.da diger. 'g%ruplardan sorular
soru sorabilir ve sonra gelebilir ya da 6gretmen sorular
siniftan ayrilabilir. sorabilir. Bu sayede sinif igerisinde bir
tartisma ortami olusur.
Tartisma sonunda 6gretmen yapilan
etkinliklerin o giinkii dersin biiyiik
diistincesi ile iliskilendirilmesine
yardimci olur.
Laboratuvar | - Ogrenciler geleneksel . N . ) )
sonrasi rap(.>r formatina uygun bir Ogrenciler ATBO rapor formatina goére
ctkinlik sekilde deney raporu deney raporu yazarlar.
yazarlar.
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ORNEK OGRENCI DENEY RAPORU
Bakir Metalinin Esas/Dogal Kiikiirt Elementiyle Reaksiyonu

Arastlrma sorusu.

Bakir metali ile kiikiirt elementinin reaksiyonu sonucu olusan iiriiniin deneysel
formiilii kullanilan bakir metalinin kiitlesine bagli midir?

Giivenlik sorunlari:

Uzun saglar toplanmalidir. Sicak porselen veya metal malzemelere ¢iplak elle
temas edilmemeli, kroze masasi kullanilmali. Kiikiirt elementinin havadaki oksijen ile
reaksiyonu sonucunda ortama saghk icin zararli kiikiirt dioksit (SO,) gazi
yayilabileceginden, deney ¢eker ocak altinda yapilmalidir. SO, gazinin {ist solunum
yollarini tahris edici etkisi vardir. SO, gazi burun ve akcigerlerdeki nem ile reaksiyona
girerek asit olusturabilir.

Deneyin Yapilisi:

1. Porselen bir krozeyi kapagiyla birlikte 1sitarak sabit tartima getiriniz. Krozenin
kapaginin yere diislip kirilma ihtimalini g6z O6niinde bulundurarak kroze kapaginin
kiitlesini ayr1 olarak da hesaplayiniz.

2. 15-25 cm uzunlugunda bir parga bakir tel alip 6l¢iiniiz.

3. Zimpara kagidi araciliiyla bakir teli piiriizsiiz hale getiriniz.

4. Bakir teli bir kalem etrafinda halka ve helezon seklinde dolandirin, bu bobini ya da
sarmal1 bos bir krozenin i¢ine koyup kiitlesini bulunuz.

5. Bakir bobini tamamen toz haline getirilmis kiikiirt ile kaplaymiz.

6. Kiikiirt ile kaplanmig bakir bobini porselen kroze igerisine koyup, krozenin kapagini
kapatiniz ve krozeyi reaksiyonun durduguna dair isaretler ortaya ¢ikana kadar
1s1tin1z.

7. Bobini kaplamak i¢in daha fazla kiikiirt ilave ediniz ve siireci tekrarlaymiz.

8. Elde edilen tirtiniin kiitlesini bulunuz.

Gozlemler

1. Bakir metal 6rnegi parlak, esnek ve kizil-kahverengi renkli bir metaldir.
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2. Kiikiirt tozu saridir ve un ya da misir nigastas1 kivamindadir.

3. Kroze 1sindig1 zaman, mor alevler ve beyaz bir buhar ortaya ¢ikar. Bu buhar burunda
ve bogazda tahrise yol acar.

4. Bir parga kiikiirt erir ve disa dogru damlar.

5. Elde edilen {iriin kalin, koyu, yogun, gri-siyah renkli bir sargi/bobindir (bakir telden
daha kalindir). Uriin, kirilgandir ve kirldiginda, icinde daha fazla saf bakirin (Cu)

olmadig1 apagik ortadadir ¢iinkii bakir tamamiyla siyah renkli iiriine donligmiistiir.

Deneyde elde edilen verilerin tablosu

Bakirin | Bakirin Kiikiirdiin Kiikiirdiin | Bakirin (Cu) mol
Gruplar | (Cu) (Cu) mol v .| (S)ymol sayist / Kiikiirdiin
ey (S) kiitlesi
Kiitlesi | say1s1 say1s1 (S) mol sayis1
1 0.4393 | 0.006913 0.1271 0.003963 1.744:1.000
2 0.4707 | 0.007407 0.1309 0.004082 1.815:1.000
3 0.9318 |0.01466 0.2687 0.008379 1.750:1.000
4 0.8982 ]0.01413 0.2532 0.007895 1.790:1.000
5 0.6473 10.01019 0.2535 0.007905 1.289:1.000
0.5111 ] 0.008042 0.1604 0.005002 1.608:1.000
7 0.8150 ]0.01282 0.3203 0.009988 1.294:1.000
8 0.5953 | 0.009367 0.1881 0.005865 1.597:1.000
" = Hatali veri
Sinifin ortalama mol orant: 1.611 mol Cu: 1.000 mol S
Hesaplamalar:
I mol Cu
Bakirm (Cu) mol sayist = 0.9318 g Cu x —————— =0.01466 mol Cu
63.55gCu
et e ges I mol S
Kiikiirdiin (S) mol sayis1 = 0.2687 g S x ——— =0.008379 mol S
32.07gS
molCu  0.01466 molCu _ 1.750molCu 71
molS  0.008379 mol S 1.000 mol S '

iddia

Bakir (II) stilfatin deneysel formiilii kullanilan bakir metalinin kiitlesine (miktarina)

bagl degildir.

203




Kanit

Deneysel olarak, 0.9318 gram bakir tel (0.01466 mol Cu), 0.2687 gram toz
haline getirilmis kiikiirt (0.008379 mol S) ile reaksiyona girmistir. Bakirin mol sayisinin
kiikiirdiin mol sayisina orami yaklasik olarak 2:1 dir. Bu sonug¢ tiim sinif tarafindan
desteklenmektedir. Sinifin ortalama verileri 1.611 mol Cu ile 1.000 mol S’nin (yaklagsik

2:1 oran1) kimyasal reaksiyona girdigini gostermektedir.

Okuma ve Diisiinme:

Her grup farkli uzunluklarda (15-25 cm araliginda) bakar tel kullandiklar1 halde,
Cu’nun S’ye mol oraninin nispeten sabit olarak kaldigir bulunmustur: 1.611 mol Cu:
1.000 mol S. Bu arada iki grubun verilerinin hatali oldugu tespit edilmistir (*).

Elde edilen firlinlin gdriiniimii pas rengindedir. Bu duruma, bakir (I) siilfite
ilaveten yan {rlinlerin olugmasi neden olabilir. Bakir-kiikiirt bilesikleri ile
okuduklarimiz neticesinde, bakir (I) siilfitin 103°C’de eridigini 6grendik, bu yiizden
tirtinlimiiz CuS olamaz. Bu reaksiyonda kullanilan kiikiirt miktar1 énemli degildir ¢iinkii
reaksiyon sonucunda olusacak {iriin bakira baglidir. 2Cu + S — Cu,S denklemine gore
iki mol bakir ile bir mol kiikiirt sabit oranlar yasasina gore belirli bir oranda birlesmistir.
Cu,S bilesiginde bakir bir elektron vererek yiikseltgenirken, kiikiirt iki elektron alarak

indirgenmistir. Bu reaksiyon hem sentez hem de redoks reaksiyonudur.
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APPENDIX 1

HANDOUT FOR STUDENTS

Argiimantasyon Tabanli Bilim Ogrenme (ATBO) &grenci merkezli oldugundan

dolay1, ogrenciler olarak Ogrenme siirecine aktif olarak katilacaksiniz ve kendi

ogrenmenizden sorumlu olacaksiniz. Ogretmeniniz, size bu siire¢ icerisinde destek

olacaktir. Asagida sizin ATBO siireci esnasindaki sorumluluklarmizin neler oldugu ile

ilgili bir taslak sunulmustur.

1.

Derse gelmeden dnce
Merak ettiginiz ve cevap bulmak istediginiz sorulari belirleyiniz.

Belirlediginiz sorulara cevap bulabilmek i¢in izleyeceginiz asamalar1 belirleyiniz.

. Derste

Grup olarak arastirmak istediginiz soruya karar veriniz ve tahtaya sorunuzu yaziniz.
Her grup tahtaya arastirmak istedigi soruyu yazdiktan sonar her grubun sorusunu
ogretmen rehberliginde tartisarak sorularin deneyle arastirilabilir olup olmadigini
tartiginiz.

Her grubun arastirmak istedigi sorulara karar verilmesinin ardindan her bir sorunun
test edilebilmesi igin dnerilen yontemlerin uygunlugunu simif olarak tartigimiz.

Tiim grup iiyeleri aktif olarak katilarak ve uygun prosediirleri takip ederek deneyinizi
yapiniz.

Deney siiresince gozlediklerinizi ve elde ettiginiz verileri kaydediniz.

Verilerinizi yorumlayarak genel bir ¢ikarimda bulunarak iddianiz1 belirleyin.
Iddialarrmz1 uygun delillerle destekleyiniz. Delil olarak dogrudan verileri
kullanmayniz. Elde ettiginiz verileri yorumlayarak, iddianizi destekleyen deliller

olusturunuz.
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- Grup olarak tartisarak grup iddianizi ve delillerinizi olusturunuz.

- Grup olarak diger gruplara soru, iddia ve delillerinizi sununuz.

- Gruplarin iddia ve delil sunumu sirasinda anlayamadiginiz durumlarda gruba sorular
yoneltiniz. Smif olarak sonuclari tartisiz. Ogretmeniniz sizin tartismaniza rehberlik
edecektir.

8. Dersten sonra,

- Derste 0grendiklerinizi pekistirmek ya da tartigmak icin diger uygun kaynaklara
basvurun. Bu kaynaklar, ders kitabiniz, yardime kitaplar, internet, 6gretmeniniz, vb.
olabilir.

- Deney raporlarinizi tamamlay1p bir sonraki haftaya teslim ediniz.

ATBO RAPOR FORMATI

1. Baslangi¢ Sorulan

Haftalik olarak ders kitaplarinizdan yapacaginiz okumadan sonra, deney
yapilarak cevaplanabilecek bir ya da iki soru yazin. Sorular ilgili konu ile iligkili olmali
ve deney yapilarak cevaplanabilmelidir. Ornegin arastirma sorularimz su sekillerde
olabilir: Kimyasal reaksiyonlarin hiz1 sicakliga bagli midir? Kimyasal reaksiyonlarda
kiitle korunur mu? ‘Neden’ sorular1 deney yapilarak cevaplanamazlar, bu nedenle de
aragtirma sorusu olarak kullanmak uygun degildir. Ornegin, Neden biiret kullaniriz?
Prosediirii ilgilendiren sorular da uygun degildir. Ornegin, ayrimsal damitma igin
diizenegi nasil kurabilirim?
2. Testler ve Prosediir

Aragtirma sorunuza cevap bulabilmek i¢in nasil bir yol izleyeceginize karar
veriniz ve grup arkadaslarinizla tartisiniz.
3. Gozlemler ve Veriler

Deneyinizi yaparken gozlemlerinizi ve elde ettiginiz veriler kaydediniz.
Verileriniz kaydederken metin yaninda resim, grafik, sekil, matematiksel ifade ya da

tablo kullanabilirsiniz.
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4. iddialar

Iddia, sizin arastirma sorularmiza cevap veren ve deneyden elde ettiginiz verilere
dayanan bir ya da iki ciimlelik genel bir ifadedir. Ornegin, uygun bir iddia sdyle
olabilir: Eger sicaklik artar ise, kimyasal reaksiyonun hizi da artar. Uygunsuz, yersiz bir
iddia ise soyle olabilir: Sicaklik 50°C den 75°C ye yiikseltilmistir.
5. Kamit ve Analizler

Kanit, iddialariniz1 destekleyen agiklamalardir. iddialarinizi destekleyen deliller
olusturmak i¢in deney sonucunda elde ettiginiz gozlem ve verilerinizi yorumlayiniz.
Verilerin delil olabilmeleri i¢in yorumlanmaya ihtiyact vardir. Sadece verileri
kullanmak iddialarinizi desteklemek igin yeterli degildir. iddialarimz1 desteklemek bu
verilerin yorumlanmas: ve agiklanmasi gerekmektedir. Ornegin, sicaklik arttiginda
kimyasal reaksiyonun hizinin artt1g1 iddias1 su sekilde desteklenebilir: Sicaklik artirilirsa
kimyasal reaksiyondaki renk degisimi daha hizli olur, sicaklik disiiriiliirse renk
degisimi daha yavas olur, bu nedenle de kimyasal reaksiyonlarda sicaklik artarsa
reaksiyon hizi artar.
6. Okuma ve Karsilastirma

Sonuglarinizi diger gruplarin elde ettigi sonuglar ile karsilastiriniz. Sonuglarinizi
kendi ders kitabiniz ya da okudugunuz diger kaynaklar ile nasil karsilastirirsiniz?
7. Yansimalar

Deneyi yamadan oOnceki dislinceleriniz ile deneyi yaptiktan sonraki
diistinceleriniz arasinda nasil bir benzerlik ve farklilik var? Fikirleriniz degisti mi? Yeni

sorularmiz var m? Ogrendiklerinizi giinliik yasam ile nasil iliskilendirirsiniz?
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APPENDIX J

MYSTERY ACTIVITY

Bir Gizemi Cézme: Gozlemler, iddialar, Kanit ve Hesaplar

Siz ve arkadasiniz, zenginligi ve sessiz yapisi ile oldukga iyi bilinen zengin fakat
tuhaf bir adam olan Bay Yildiz’in 6liimiinii incelemek {iizere kiralanmis olan 6zel
dedektiflersiniz. O, her zaman endise ve korku hisleriyle dolu oldugundan insanlarin
etrafinda bulunmaktan kagmmistir. Onun ayn1 zamanda paranoya rahatsizlii oldugu da
bilinmektedir. Hizmetlilerinin ona kars1 gizli bir sekilde komplo kuruyor olmalarindan
korktugu i¢in uzun zaman once ise aldigi hizmetlilerini isten ¢ikarmistir. O her gece
aksam yemegi olarak ayni yemegi, az-pismis kanli iki biftek ve firinda pismis iki
patates yerdi.

Size, olay yerine varmanizin iizerine, Bay Yildiz’in bu sabah erken bir saatte
evinde hizmetlileri tarafindan 6lii olarak bulundugu anlatilmistir. Ascinin Bay Yildiz
icin her zamanki yemegi hazirladig1 diin aksam, korkung firtina olmasindan dolay1, bay
Yildiz hizmetlilerin evlerine sorunsuz donebilmeleri i¢in onlara erken izin vermisti.
Hizmetliler sabah geri dondiiklerinde Bay Yildizi1 yemek odasinda yiiz {istii yatarken
buldular.

Siz, odanin i¢ine bakarak incelemelerinize baslarsiniz. Yemek odasindaki biiyiik
pencere cami kirilmig paramparga olmustur. Cam disaridan darbe ile kirilmis gibi
goriinmektedir. Oliiniin viicudunda kesik yaralari teshis edilmekte ve masanm hemen
yaninda yliziistli yatmaktadir. Ayrica, cesedin tam altinda halmin iizerinde biiyiik
kirmizi bir leke géze carpmaktadir. A¢ilmig vaziyette bir sise kirmizi sarap ve bir kismi
yenmis bir biftek masanin tizerinde durmaktadir. Cesedin hemen yaninda devrilmis bir
sandalye ve masanin altinda iizerinde kan olan bir bicak goriilmektedir. Tiim bu
bilgilerle, tek bir iddia ve Bay Yildiz’in nasil 6ldiigilinii aciklayabilecek destekleyici
kanit ya da kanitlar sunun. S6z konusu iddia ve kanit1 olaylarin gelisim senaryosu iginde
anlatiniz.
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APPENDIX K

SWH LABORATORY REPORT

Deneyin Adi: Adi Soyadr:
Deney Masasi: Tarih:

1. Baslangic diisiinceleri... Soru ya da sorularim nelerdir?
(Yani, bu konu/deney ile ilgili neleri merak ediyorum?)

2. Test... Sorularima cevap bulmak i¢in ne yaptim?
(Yani, merak ettiklerime ulasmak i¢in ne yaptim?)

3. Gozlemler ve bulgular... Yaptiklarim sonucunda neler buldum?
(Yani, merak ettiklerime ulagsmaya calisirken bulduklarim ve gozlediklerim nelerdir?)
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4. iddialar... Bulduklarim ve gézlediklerim sonunda ne iddia ediyorum?
(Yani, merak edip arastirdiklarim ile ilgili bu deney sonunda vardigim genel kanaatim
kisa ve 6z olarak...)

5. Deliller (Kamtlar)...Bulduklarim ve gozlediklerim sonunda yukaridaki iddiami
yaptim ¢linkii delillerim sunlardir: (Yani, bulduklarim ve gozlemlerimden ortaya
cikardigim iddiamu destekleyen deliller...)

6. Okuma ve karsilastirmalar... Diisiincelerimin bagkalari ile karsilagtirilmasi...
(Yani, diistincemi arkadaglarimin disiinceleri ile ve kitaptan okuduklarimla
karsilagtirdim ve vardigim sonug...)

7. Yansimalar... Diisiincelerim siire¢ icinde nasil degisti?
(Yani, konu ile ilgili deneyin basindaki diisiincelerimle deneyin sonundaki
diisiincelerimi karsilagtirarak degisimim ile ilgili vardigim sonug...)
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APPENDIX L

SAMPLE SWH LESSON

1. Ogrencilerin 6n bilgilerinin ortaya ¢ikarilmasi

Ogretmen &grencilere fiziksel olay ve kimyasal olay denildiginde ne
anladiklarin1 sorar ve bunlara gilinlilk yasamlarindan 6rnek vermelerini ister ya da
ornekler vererek bunlarin kimyasal bir degisim mi yoksa fiziksel bir degisim mi
oldugunu sorar. Bu sayede 6grencilerde var olan yanlis kavramalar ve bilgi eksiklikleri

ortaya ¢ikarilir.

2. Laboratuvar oncesi etkinlikler

Ogrenciler deneyle cevaplanacak sorular hazirlayarak laboratuvara gelirler.
Daha oOnceden kendi istekleri dogrultusunda olusturduklar1 grup igerisinde bireysel
olarak merak ettikleri sorular tartisirlar ve grup olarak cevap bulmak istedikleri soruya
karar verirler. Her grup tahtaya arastirmak istedikleri sorular1 yazar. Ogretmen her
grubun sorusunu dikkate alarak onlara neyi arastirmak istediklerini ve nasil arastirmak
istediklerini sorar. Bu sayede 6grenciler deney sirasinda ne dgreneceklerinin ve neyi
nigin yapacaklarinin farkina varirlar. Ornegin, 2. gruptaki 6grenciler gay sekerinin
fiziksel ve kimyasal degisiminin nasil oldugunu merak etmistir ve su soruyu arastirma

sorusu olarak belirlemislerdir: Cay sekerinin fiziksel ve kimyasal yapisi nasil degisir?

3. Laboratuvar etkinligine katilma
Olusturulan gruplarin her biri arastirma sorularina uygun prosediirleri takip
ederek sorularina cevap bulmaya calisirlar. 2. gruptaki O6grenciler su malzemeleri

kullanarak deneylerini yaparlar:
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- Cay sekeri

- Su

- Ispirto ocag

- 2 adet deney tiipli

Ogrenciler cay sekerinin fiziksel ve kimyasal degisimini incelemek icin deney
tiiplerinin i¢ine 3 ‘er tane kiip seker atarlar. Deney tiiplerinden birinin igine biraz su
koyarak sekerin ¢dziinmesini saglarlar. Diger tiipii ispirto ocaginda isitirlar. Ispirto
ocagini kapatip bir miiddet bekledikten sonra deney tiipiiniin i¢indeki maddeyi
incelerler. Ogretmen laboratuvarda gruplar arasinda dolasarak 6grencileri yonlendirir,
gerektiginde yardim eder ve yonlendirici sorular sorar.

4. Miizakere fazi1 — 1

Ogrenciler bir yandan deneylerini gerceklestirirken bir yandan da deney etkinligi
sirasindaki gdzlemlerini ve verilerini kaydederler. Ornegin 2. gruptaki 6grenciler deney
tiiplerine ait gozlemlerini kaydederler, bu degisimin nasil bir degisim oldugunu ve
neden dyle bir degisim oldugunu her 6grenci tek tek kaydeder.

Ogrencilerden deneye ait gdzlem ve bulgularmi yorumlamalar sirasinda iddia
ileri siirmeleri ve bu iddialarma kanit gostermeleri istenir. Ornegin, 2. gruptaki
ogrenciler I. deney tiipli ile ilgili olarak sdyle bir iddia ileri siirer: Sekerin suda
cOziinmesi fiziksel bir degisimdir. Bu iddialarina kanit gdstermek icin ogrenciler, I.
deney tiipiinde olusan maddenin seker 6zelligi tasiyip tasimadigina bakarlar. I. deney
tiipiinde seker molekiiler halde suda ¢oziinerek suyun iginde dagilmistir. O halde
sekerin yapis1 degismemis olup sadece dis goriiniisii degismistir. Ornegin, dgrenciler I1.
deney tiipii ile ilgili olarak da sdyle iddia ileri siirebilir: Yanma olayr kimyasal bir
degisimdir. Yanma sonucunda olusan madde baslangigctaki maddenin 06zelliklerini
tasimaz. Bu iddialara kanit géstermek icin 6grenciler yanma sonucu olusan maddenin
seker Ozelligi tasty1p tasimadigina bakarlar. II. deney tiipiinde sekerin yakilmasi sonucu,
siyahlagarak komiir haline geldigini goriirler. Sekerin yanmasi sonucu kimyasal yapisi

degismis ve kdmiir haline gelmistir.
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5. Miizakere fazi — 11

Her grup kendi igerisinde gozlemlerini paylasirlar ve karsilastirmalar yaparak
ortak bir sonuca varmaya calisir. Ornegin, 2. gruptaki Ogrenciler ortak iddia ve
delillerini su sekilde olusturmuslardir:

Iddia: Sekerin yanmasi kimyasal, ¢dziinmesi fizikseldir.

Deliller: Seker yaninca komiir gibi oldu. Komiir ile seker farkli maddelerdir.
Bundan dolayi sekerin kimyasal yapis1 degisti. Su igine seker atilarak 1sitildiginda seker
tanecikleri su igerisine dagild1 ve ¢oziindii. Seker su igerisinde ¢oziindiigiinde de seker
tad1 alabilir. Sekerli sudaki suyu buharlastirarak sekeri kolayca elde edebiliriz. Bu
nedenle de sekerin suda ¢oziinmesi fiziksel bir degisimdir.

6. Miizakere faz - 111

Her grup deneyden elde ettikleri bulgular1 diger gruplarla paylasir. Bunun igin
her grup tahtaya gelerek, neyi arastirdiklarini, nasil arastirdiklarini ve sonugta ortaya
koyduklar1 iddia ve delillerini paylasirlar. Bu sirada 6gretmen ve/ya dgrenciler sunum
yapan gruba sorular sorarlar ve tartisma ortami meydana gelir. Ornegin, 2. gruptaki
ogrenciler iddialarin1 ve delillerini sunarken iglerinden biri ‘seker suda eridi’ ifadesini
kullanir. Arastirmaci daha 6nceden bu kavram yanilgisina kars1 6gretmeni uyarmisti. Bu
nedenle 6gretmen hemen bu ifade iizerine siifa erimenin ne oldugunu, ¢oziinmenin ne
oldugunu, sekerin erimesinin nasil oldugunu, sekerin ¢oziinmesinin nasil oldugunu
sorar. Ayrica 6grenciler sekerin yanmasi sirasinda kimyasal bir degisim oldugunu ifade
ettikleri icin, Ogretmen onlardan bu ifadelerini denklemle ifade etmelerini ister.
Ogrenciler 6gretmenin bu istegi karsisinda biraz sasirirlar. Sasirma  sebepleri
muhtemelen cay sekerinin giinliik yasamda kullandiklart bir madde olmasiydi.
Ogrenciler cay sekerinin formiiliinii bilmediklerini ifade ederiler. Ogretmen 6grencilere
bunu aragtirip daha sonra denklemle ifade etmelerini soyler.

7. Miizakere faz1 — IV

Ogrenciler bu deneyin kendilerinde olan yansimalarini yazarlar. Ornegin,

deneyden Once ne biliyorlardi, deney sayesinde ne 6grendiler, degisen fikirleri oldu mu,

ogrenciler bu sorulara cevap teskil edecek sekilde bir yazi yazarlar. Yansimalar
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sayesinde Ogrenciler ©on bilgileri ile yeni 6grendikleri bilgileri biitiinlestirirler.
Ogrencilerin bu yaziyr smifta yazmasi beklenmez, evinde de yazabilir. Ogrenciler
evlerinde deneye ait bir rapor hazirlayarak bir sonraki derse bu raporu 6gretmenlerine
teslim ederler. Bu rapor geleneksel laboratuvar raporundan farklilik gdéstermektedir ve
su bolimlerden olusmaktadir: baslangic diisiinceleri, test, gozlemler ve bulgular,
iddialar, kanitlar, okuma-karsilagtirmalar ve yansimalar.
8. Degerlendirme

Ogrencilerden laboratuvar etkinliginin basindan sonuna kadar bir degerlendirme
siireci igerisindedirler. Ogrencilerin baslangicta sorular yoluyla 6n bilgileri ortaya
¢ikarilir. Deney yapma asamasinda stirekli 6gretmen gruplar arasinda dolasarak onlara
neyi nigin yaptiklar ile ilgili sorular sorar, 6grenciler kendi yaptiklarini diger gruplarla
paylasirken de 6gretmen sorular sorar. Ayrica dersin sonunda biitiin gruplar sunumlarini
bitirdikten sonra o dersin biiyiik diisiincesini (Kimyasal olaylarda maddelerin kimlik
ozellikleri degisir) Ogrencilere sorular da sorarak vurgular. Bu arada Ogretmen

etkinlikler sirasinda rastlanan kavram yanilgilarina tekrar vurgu yapar.
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APPENDIX M

SAMPLE STUDENT LABORATORY REPORTS

Kimya Laboratuar:s Uygulamalar: Deney Raporu

Deneyin Adii_Cay Jekecioin  fFratksel auc  ¥soyesal Ad Soyads:
DeEsigion
Deney Masasi: ___a.c..po AMugea. (2 ~biasaly

Tarih: __igfc s | seee

1. Baglangig diigiinceleri... Soru ya da sorularun nelerdir? [ -
(Yani, bu konu/deney ile ilgili neleri merak ediyorum?)

LY Cay e kertain

e e et mamreal  lefe el 7
21/ Gasy Beeriain Corlhinment £iatkasl ‘o A=fihm el ye P
Z. Test.. Sorulanma cevap bulmak igin ne vaptim?

(Yani, merak ettiklerime ulagmak igin ne yaptim?)

Denewy Rl \-.uuc.-u-_l-i)--n moclemeler » o Tchos

e slsmrese A Y Sleney  LOeoas e lker e S. Adifer  clenasws
Aeaes ALl te Soxclece veler Rt S ST (O s v
e omel uBeam Aoame, LOGEGAS Avplihe  mces insis ISt Delace Nahe A
Tow £ Vhaean et nwl Ve [T

Lonroki adieela gee yeher e 2w Condufue  cenes SO Lode

e lber i shce S T, Traggran Sesinele R EarmAl,

‘L—‘mbﬂ‘_lﬂ-\ i c.\eé’{:,nxacl'\ -
. Seleer, S e riuvinde  cpiancele fomfeti® whr OChieWi olutlu.ceha.
Slusan e o EReide Tmlear e Se et whstcdden emaldig.

Zoumicn ek ae il vitcenfinden selecin = cachan

L L Ry

3. Gizlemler ve bulgular... Yaptiklarmm sonucunda neler buldum?
) merak ettiklerime ulasmaya galigirken bulduklanm ve gozlediklerim nelerdir?)

o Feber, wogoer fengt clain kot Wwic  mechahadSc,

Ancesle Seleer Leneli®i douman feagi Aefgizccsle Lonuvaienst elapyta

Buradlen da  anlexmleces. DN moddentn (3e kesin)  vmpan alegiamiiead,

215 % . - - -
Feleer weackitionn sonoe ook s Vioie Setirilemance agtecten
el ariin e R LU T

CErinmesi  firtesel  leir  sleSTateclic
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4. iddialar...Bulduklanm ve gdzlediklerim sonunda ne iddia ediyorum?
(Yani, merak edip arastirdiklarim ile ilgili bu deney sonunda vardigim genel kanaatim kisa ve &z olarak...)

1) 3eleercin weE et Eiomussal e desiYiendic

2) Sekerin Suslen  obrlneen) frzilesel  wic

efyiyimdic,
3. Deliller (Kamtar)...Bulduklarim ve gézlediklerim sonunda yukandaki iddiami yaptum glinkii delillerim gunlardir:
(Yani, bulduklarim ve gézlemlerimden ortaya gikardifim iddiami destekleyen deliller...)
- Yonoo lehr oweddederiin (el w(n) ot PRalibGmis wlowt,

C Gl mecldecin  weps , sebli Ye. s Beslliplert degizhy, Be reglenlp

Yo nes .u\un:;\-:hx k"-.:u-)m:.ﬁ\c_-l‘r_
» Hoddenin fi2tkse) defiviotode madadedin (vaberia) &g e LaLihd

cleffime olur ve modde  teecee 2k haline geticdleknle,

(Yani, diigiinceni arkadaglarinn digtinceleri ile ve kitaptan okuduklarimla kargilagtirdim ve vardifim sonug...)
Doka brce = ruf Lo \:.r.é\c&\h goameiiny 4ot lemiamistih, wa b

.,j_..-.nnlu Gt LA 0a) .lg‘\mbq:ui L= c.\%‘isunc usto-mﬁt\-

3elkenna LanTe elerqfalent 3 CeM20g + Oy — Caz 4 Wae  Paktc,

Su  fceritiade | eBrGoen  Belor qse Fietesel defivime

(AT PR oku&ugum efilgllere

Hagrenshy

abre e smoma olagylan  Eimgased §
GeRLome esloslary fic fiptkeselalic
T Y Tar...Dilsiincelerim siireg iginde nasil degisti?

(Yani, konu ile ilgili deneyin bagindaki diigiincelerimle deneyin senundaki distincelerimi karsilagtirarak degisimim ile
ilgili vardifim sonug...) '

Bu Senenyt \Dopme-f-han tree. Swdo, Severio CQBERGAmMEST  Sanue uada

u.)ap‘ﬁ‘m leow  defiiclivlectn elalaitceess m éﬁ‘;&nﬂwdum « Ancat

bu denmenl Wephleton  Senrm cetlnma Slavles wnda, e ey

n:bz.pm‘a\nc‘q terr  claniniie hradibun,, wunden delua: de £ thCkast
- 3

AeslGime "“%‘Nhﬁ‘ni B vecdim, Yoamoe oloslaciada doy mmedd 4

o Piiinin Lot ey ¢.\.=.:,(',t_i.'-,in’. we ba necdeale \:\mq’“ﬂ;-l;.\ Q‘jté;\_‘m!

{n'{itc.ull%!ﬁ\ E;:'é!i‘.nta’n(ru v
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6. Okuma ve kargilastrmalar...Dilsiincelerimin bagkalar ile kargilagtinilmasi... e EE G A ey Fiafesel -

B denegde de  geker gpoamb tupsal  dedisime wWeeny dlda,



Kimya Laboratuari Uygulamalari Deney Raporu

Deneyin Ads: D.bn— Ceat=N Adi Soyadi:

Deney Masast: ) Meo.seo, (Se S 3!:&1} Tarih: (% OC, . 7 OO

1. Baslangig diistinceleri... Soru ya da sorularim nelerdir?
(Yani, bu konu/deney ile ilgili neleri merak ediyorum?)

Her rreddermim cwumsroo Bbets S P A
Pudmﬁ Mmey, Nesir?

Brystirma. Wnterer e ayreme, Nowml )

-~

2. Test... Sorularina cevap bulmak igin ne yaptim?
(Yani, merak ctiiklerime ulasmak igin ne yaptum?)

B b:\r‘\er&bs aldl.
leire Wirez o k"ofﬁé"\‘"
Sanre, bir midkesr dectic bomo eldedic .
(_S“\m\l beled. we aine ol paraclam \coudde.
Yedne Wirde Wir ~itkar seter ededil .
Ne leellermas \esladl
Hepsint  erolkser ‘\%ic'e omsturdk,

3. Gézlemler ve bulgular... Yapuklarim sonucunda neler buldum?
(Yani, merak ettiklerime ulagmaya ¢alisirken bulduklarim ve gdzlediklerim nelerdir?)

Fekledile e Qe toru Aloe SHeed. Tahee-

b N : C:.("‘C,ﬁ.’.u\ @
SUb\-f‘\ usStiune C\\LLP Hd e, e -TACE.N Y Sourdan derae Lol

W S bleginin kalnkas Percdierin davy N W
Sé\rﬂﬁ-gw e inde. Q&&U(\&L‘J. Tk %mckmﬁsﬁ\ Q@ "
Wwrkkesrile. ou [VPEN-NTVES SN QQ\Y“C&\\L_ Yemahire, CinAG, 3m
Coru, yeler Ve au égﬂ\ dy, SUrge \“6‘@&“ b T \QA‘SEM& kol
to(tn.sev;u SV e 5?%} Lé"«'j-‘kﬁ\b‘sfh er\fdﬁ\ M, Son \5'?*‘2\9-&6,
e ~NE 3 0SSN Attt agron o oos \ask
'Ne seker Alghe \wodal, s se \oskeQy
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4. iddialar...Bulduklanm ve géziediklerim sonunda ne iddia ediyorum?
(Yani, merak edip aragtrdikiacim ile ilgili bu deney sonunda vardiun genel kanaatim kisa ve 6z olarak...)

Sebeine berse CE B medene ShErOes xd%rte;n\ef\de.
b?t\qﬁrirxd% %Q.(“\(_\\é\f‘. ‘

Her mmoddeninm Sa il e 8edlig vard G Rikun redaeler

5. Delitier (Kamtlar)...Bulduklarim ve gozlediklerim sonunda yukaridaki iddiami yaptim giinki delillerim gunlardir:
(Yani, bulduklartm ve gozlemlerimden ortaya ¢ikardigim iddiami destekleyen deliller...)

Cirkds s deric koo koo porteled, geler ve su kanshd

Al ernon ms‘;\ wremlerle \Bie\Sicinden aypmiarsediRl
Tek \oir workecnle \oir‘\dr“\\e’fmcﬁyw Qp:.\k_\f‘\\@,,m\u\ T e A A
Porgalamml iz durne e erdie. Sawae Al Terko, et
Soun Usknde Ddel, oAl . Der it LoRo My fbu%ﬁ“ei\ﬁ:k% vl
et AN. QU we Sekende ekl o \eherestl, Sekerde
Al \co\a,

>
=

6. Okuma ve karsilagtwmalar...Disincelerimin bagkalart ile kargilagnrilmast...
(Yani, diigiincemi arkadaglarunin diisiineeleri ile ve kitaptan okuduklarimia kargilagtirdun ve vardifiim sonug...)

Ruroh benzeuen Bie deme y oSlafml. um koo su GRely]
YERMIERY , Yoo, sbme  gBnkRaha e QUSSR To O oy
Tee ynve bdnariesiene o, ﬂ\cbﬂ’ce_m'\x\’{’\e ek Toeda,
Aoe cBmlskd. Wikeglordan  deodiauen ve OBretrnenen
oot larines giire oo demeut duzeSh loim seYilde N

7. Yansimalar...Digtincelerim stireg iginde nast] degisti? 1
(Yani, konu ile ilgili dencyin bagindaki dusiincelerimle deneyin sonundaki diigtincelerimi karsilagtirarak degisimim ile
ilgili vardigim sonug...)

,

\

ﬁﬂr\&(m\mr\n Nang]
LA “Q}D‘\d‘)m' Bo derede \nern QoI \Smes BrvcErelert Mt
herm de lou  Prkemesin \r\m‘\g\ refdeleste rrexdaina
eRIATFA BRTen PO odum_ fed gl serwlacipes
Cevof ‘oldom,

meaddelerde roe) Me AR Y=ia
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