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ABSTRACT 

 

 

EFFECT OF GUIDED INQUIRY EXPERIMENTS ON THE ACQUISITION OF 

SCIENCE PROCESS SKILLS, ACHIEVEMENT AND DIFFERENTIATION 

OF CONCEPTUAL STRUCTURE 

Yıldırım, Altınay 

M.Sc., Department Secondary Science and Mathematics Education 

Supervisor: Prof. Dr. Giray Berberoğlu 

 

February 2012, 163 pages 

 

 

 

The science and technology program developed by the Ministry of National 

Education of Turkey aims at training students as science and technology literates. 

In order to achieve this, method implemented by teachers should enhance science 

process skills, increase achievement and actualize differentiation in the conceptual 

structure of students.  

 

The present study aims to investigate the effectiveness of guided inquiry 

experiments over traditionally designed experiments on the acquisition of science 

process skills, content knowledge achievement and differentiating conceptual 

structure of 8th grade students about floating, sinking, buoyancy and pressure 

subjects.  

 

Guided inquiry laboratory manuals were developed for the experimental group. 

Traditional confirmation type laboratory manuals were developed for the control 

group. The study was conducted with 55 eighth grade students at a private 
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elementary school in the Bahçelievler district, İstanbul. In this quasi-experimental 

study, two of the three intact groups assigned as experimental group, while the 

control group.  

 

Unit achievement test (UAT), science process skills test (SPST) and two-tiered 

test for determining differentiation in conceptual structure (DDSCT) were used as 

data collection instruments. All of these instruments were administered to the 

students as pre-test and post-test.  

 

It was found that guided inquiry experiments were effective than traditional 

confirmation type experiments in differentiation of students’ conceptual structure 

about floating, sinking, buoyancy and pressure. However, there was not a 

significant difference in the effectiveness of both inquiry and traditional methods 

on enhancing the students’ science process skills and their achievement at the unit 

of force and motion.  

 

 

Keywords: Science Education, Guided Inquiry, Science Process Skills, Science 

Achievement, Differentiation in the Conceptual Structure 
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ÖZ 

 

 

REHBERLİ SORGULAMA DENEYLERİNİN BİLİMSEL SÜREÇ 

BECERİLERİNİN KAZANDIRILMASINA, BAŞARIYA VE KAVRAMSAL 

DEĞİŞİME ETKİSİ 

 

 

 

Yıldırım, Altınay 

Yüksek Lisans, Ortaöğretim Fen ve Matematik Alanları Eğitimi Bölümü 

Tez Yöneticisi: Prof. Dr. Giray Berberoğlu 

 

Şubat 2012, 163 sayfa  

 

 

 

Milli Eğitim Bakanlığı tarafından geliştirilen fen ve teknoloji dersi programı 

öğrencileri fen okuryazarları olarak yetiştirmeyi amaçlamaktadır. Bunu başarmak 

için öğretmenlerin uyguladığı öğretim yöntemi öğrencilerin bilimsel süreç 

becerilerini geliştirmeli, başarıyı arttırmalı ve kavramsal değişimi 

gerçekleştirmelidir.  

 

Bu çalışmanın amacı rehberli sorgulama yöntemine uygun olarak tasarlanmış 

deneylerin yüzme, batma, kaldırma kuvveti ve basınç konularında sekizinci sınıf 

öğrencilerinin bilimsel süreç becerilerini geliştirmek, başarıyı arttırmak ve 

kavramsal değişimi gerçekleştirmekteki etkinliğini geleneksel olarak tasarlanmış 

deneylere göre araştırmaktır. 

 

Deney grubuna rehberli sorgulama yöntemi temel alınarak deney föyleri 

geliştirilmiştir. Kontrol grubuna ise klasik düz anlatım metodu temel alınarak 
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doğrulayıcı deney föyleri hazırlanmıştır. Çalışma İstanbul Bahçelievler’deki bir 

özel ilköğretim okulunun 55 sekizinci sınıf öğrencisiyle yürütülmüştür. Yarı-

deneysel bu çalışmada, 3 hazır sınıftan ikisi deney grubu, diğeri kontrol grubu 

olarak belirlenmiştir.  

 

Veri toplama aracı olarak başarı testi, bilimsel süreç becerileri testi ve iki aşamalı 

kavramsal değişim testi kullanılmıştır. Testler öğrencilere ön test ve son test 

olarak uygulanmıştır.  

 

Rehberli sorgulama deneylerinin, sekizinci sınıf öğrencilerinin yüzme, batma, 

kaldırma kuvveti ve basınç konularındaki kavramsal değişimi gerçekleştirmede 

klasik doğrulayıcı deneylere göre daha etkili olduğu bulunmuştur. Ancak, deney 

ve kontrol grubu arasında öğrencilerin kuvvet ve hareket ünitesindeki bilimsel 

süreç becerilerini ve başarılarını geliştirmede anlamlı bir fark çıkmamıştır.  

 

Anahtar Kelimeler: Fen Eğitimi, Rehberli Sorgulama Yöntemi, Bilimsel Süreç 

Becerileri, Kavramsal Değişim 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

 

In 2004 the name and content of the science course in Turkey has changed 

radically and it is called science and technology course. The vision of new science 

and technology course program is to train individuals as science and technology 

literate citizens. Science and technology literacy consists of developing the skills 

of scientific thinking, researching, questioning, critical thinking and problem 

solving of individuals and making them lifelong learners. It is emphasized that the 

teacher centered methods like lecturing; note taking and verification type 

laboratories are inadequate in developing science and technology literacy (MEB, 

2006). Therefore, learner–centered instruction methods such as problem solving 

method, 5E or 7E instructional models, inquiry methods should be preferred 

rather than traditional methods (Köksal, 2008; Serin, 2009; Şahin, 2010; Timur & 

Kıncal, 2010). 

 

Inquiry based method is one of the learner-centered methods. At this method, 

students become more active, generate their questions, utilize higher order 

thinking skills to solve problems and connect new knowledge to their prior 

understanding (Llewellyn, 2005). The previous research studies mostly compare 

traditional and inquiry instruction methods (Banerjee, 2010; Blanchard, 

Southerland, Osborne, Sampson & Annetta, 2010; Chaterje, Williamson, 

McCanne & Peck, 2009; Crawford, 2000; Gangoli & Gurumurthy, 1995; Güngör 

Seyhan, 2008; Kopitzki, 2011; Köksal, 2008; Tatar & Kuru, 2009; Timur & 

Kıncal, 2010; Wenning, 2005).  
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Inquiry based instruction has various approaches, which can be summarized as 

three main levels. These are structured inquiry, guided inquiry and open inquiry 

(cited in Bell, Smetana & Binns, 2005; Blanchard et al, 2010; Colburn, 2000; Fay, 

Grove, Towns, & Bretz, 2007; cited in Llewellyn, 2005; NRC, 2000). In most of 

the previous research studies the guided inquiry method is preferred to open 

inquiry method (Banerjee, 2010; Blanchard et al, 2010; Chaterjee et al, 2009; 

Maguire, Myerowitz & Sampson, 2010; Köksal, 2008; Timur & Kıncal, 2010). 

The students make their own conceptualizations, and construct their own 

meanings. Students prefer doing guided-inquiry laboratories instead of doing 

open-inquiry laboratories, because they think they learn more from guided-inquiry 

laboratories (Chatterjee et al, 2009). In guided inquiry method students are given a 

problem to solve and sometimes the necessary materials. They design their own 

procedure, collect the related data and formulate the results. The teacher guides 

the students with orienting questions.  

 

In Turkey, the frequently used methods are lecturing and problem solving, which 

are teacher-centered methods (Doğru & Aydoğdu, 2003). In order to change the 

methods from teacher-centered to learner-centered ones, students should get 

familiar to inquiry firstly with guidance of the teacher. Both students and teachers 

make transition from teacher-centered instruction to learner-centered approach 

with the help of guided inquiry. Therefore, guided inquiry method is implemented 

as the instructional method in this study. Open inquiry can be used mostly in 

science projects. 

 

In the Third International Mathematics and Science Study (TIMSS) implemented 

in 1999, 8% of the science questions are related to the scientific investigation and 

nature of science. Eighth
 
grade students in Turkey are 33

rd 
among 38 countries 

(cited in Karahan, 2006). In order to increase the achievement in scientific 

investigation; the science process skills of the students should be improved. The 

importance of the science process skills is explained in details at the new science 

and technology program. The science process skills are defined with related 

objectives and listed at the program manual (MEB, 2006). The science process 
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skills are explained as basic science process skills and integrated science process 

skills. The basic science process skills are observing, inferring, measuring, 

communicating, classifying and predicting.  The integrated science process skills 

are controlling variables, defining operationally, formulating hypotheses, 

interpreting data, experimenting and formulating models (YÖK, 1997). As stated 

by Kılıç, Haymana and Bozyılmaz (2008) basic science process skills are 

emphasized more than the integrated science process skills at all grades. Thus, the 

class activities and laboratory experiments should be emphasized on both basic 

and integrated science process skills. 

 

In recent years, there are a lot of research studies in Turkey focusing on the 

science process skills and on the effect of different instruction methods on the 

acquisition of science process skills (Aka, Güven & Aydoğdu, 2010; Anagün & 

Yaşar, 2009; Aydoğdu, 2006; Aydoğdu, 2009; Aydoğdu, 2010; Başdaş, 2007; 

Doğruöz, 1998; Dönmez & Azizoğlu, 2010; Karahan, 2006; Kılıç et al, 2008; 

Köksal, 2008; Kula, 2009; Öztürk, Tezel & Acat, 2010; Serin, 2009; Tatar, 2006). 

The learner-centered laboratories like guided inquiry laboratories induce students 

to become active participants in a scientific process. For this reason, one of the 

purposes of this study is to develop basic and integrated science process skills of 

students. 

 

A well-designed learner centered science laboratory can provide the sorts of 

experiences to the students necessary to develop science process skills and to 

differentiate the conceptual structure. According to a research implemented by 

Güneş, Dilek, Demir, Hoplan and Çelikoğlu (2010) science teachers reported that 

concept learning can be achieved by giving examples from the daily life and by 

implementing experiments and doing observations. Moreover, they stated the 

buoyant force, pressure, force and motion, heat and temperature, cells and atoms 

as the most difficult subjects (Güneş et al, 2010).  Therefore, the subject matter of 

this study consists of floating, sinking, buoyant force and pressure. Beyond this, 

guided inquiry instruction method is implemented by using guided inquiry 

laboratory manuals in this study. The manuals include problem-stating questions, 
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daily life examples related to the subject and discussion questions which focus on 

the conceptual understanding.  

The learner-centered instructions take into account the students’ curiosities and 

alternative concepts or preconceptions and they care about the differentiation of 

conceptual structure of students.  The previous studies investigate different 

methods to overcome alternative concepts or to differentiate conceptual structure 

about floating, sinking, buoyancy and pressure. These methods are guided inquiry 

instruction (Timur & Kıncal, 2010), problem based learning (Akbulut, 2010), 

discovery learning (Ünal, 2005), conceptual change texts (Şahin & Çepni, 2011b), 

5E instructional model (Çepni, Şahin & İpek, 2010; Şahin, 2010), problem based 

instruction (Akbulut, 2010) and constructivist approach (Önen, 2005; Yavuz, 

2007). However, most of the studies in the literature do not cover all of the 

subjects of 8th grade unit force and motion, which includes subjects floating, 

sinking, buoyancy and pressure as described in the new science and technology 

curriculum. Some of the studies are relevant only with the subject pressure 

(Baytok, 2007; Önen, 2005; Şahin & Çepni, 2011b; Ünal, 2005) while others are 

relevant with floating, sinking and buoyancy (Akbulut, 2010; Çepni et al, 2010; 

Yavuz, 2009). On the contrary, this study covers the entire subjects of the 8th 

grade unit force and motion.  

 

This study investigates the effect of guided inquiry experiments on the acquisition 

of science process skills, achievement and differentiating conceptual structure of 

8th grade students about floating, sinking, buoyancy and pressure subjects.  

 

Most of the research studies in the literature are focusing on different learner-

centered instruction methods based on constructivist approach. However, some of 

them investigate the effect of instruction method on alternative concepts, while 

others investigate the effect of the instruction method on the achievement, attitude 

and science process skills.  Whereas, there is not any study which focuses on the 

effect of the instruction method on the achievement, differentiation of concept 

learning and the acquisition of science process skills together. Thus, this study is 

different from previous research studies in the literature. This treatment focuses 
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on the acquisition of achievement, science process skills and differentiation of 

conceptual structure together and covers all the subjects of the unit force and 

motion. 

 

1.1 Purpose of the Study 

 

The purpose of this study is to investigate the effectiveness of guided inquiry 

experiments over traditionally designed experiments on the acquisition of science 

process skills, content knowledge achievement and overcoming alternative 

concepts of 8th grade students about floating, sinking, buoyancy and pressure 

subjects. 

 

1.1.1 Statement of the Hypotheses 

 

The following null hypotheses are the hypotheses of the statistical analysis that 

are tested at the .05 level of significance: 

 

1. There is no statistically significant difference between guided inquiry 

experiments and traditional experiments on the population means of the 8
th

 grade 

students’ “Force and Motion” unit achievement test (UAT) scores. 

 

2. There is no statistically significant difference between guided inquiry 

experiments and traditional experiments on the population means of the 8
th

 grade 

students’ Two Tiered Determining Differentiation in Conceptual Structure Test 

(DDSCT) scores. 

 

3. There is no statistically significant difference between guided inquiry 

experiments and traditional experiments on the population means of the 8
th

 grade 

students’ science process skills test (SPST) scores. 
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1.2 Definition of Terms 

 

Inquiry: Inquiry refers to the activities of students in which they develop 

knowledge and understanding of scientific ideas and how scientists study natural 

world (Colburn, 2000). The National Science Education Standards states inquiry 

as the activities that involves making observations, posing questions, examining 

sources of information, using tools to gather, analyze and interpret data, proposing 

explanation, predictions and communicating the results (NRC, 2000). 

Guided Inquiry laboratory works: In this study guided inquiry is the instruction 

method used in experimental group. In this instruction method the teacher 

provides only the materials and the problem to investigate. Students devise their 

own procedure to solve the problem (Colburn, 2000). This level of inquiry is also 

known as Level 2 inquiry and the students are responsible for determining the 

method of investigation and interpreting the results (Blanchard et al, 2010). 

Students are given the experiment proposals to write their own hypothesis, 

procedures and data. When they need help, the teacher guides them with 

questions.  

 

Traditional laboratory works: In this study traditional laboratory work is the 

instruction method used in the control group. Cookbook or verification type lab is 

the traditional lab in which students are given the problem, step-by-step 

instructions of the procedure and defined variables. They make the observations 

and get the data.  In verification type labs students verify the previously 

communicated information (Wenning, 2005). 

 

Unit Achievement Test: The unit achievement test is used to assess how much 

students accomplish the 8
th

 grade “force and motion” unit objectives. The subjects 

covered at this unit are floating-sinking, buoyancy and pressure. The test consists 

of 20 multiple-choice items.  

 

Science Process Skills Test: The science process skills test is used to assess how 

much students improve their skills such as identifying variables, identifying and 
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stating hypotheses, operationally defining, designing investigations, graphing and 

interpreting data. The total list of science process skills, which aimed to be 

improved, is outlined in the 8
th
 Grade Science and Technology Teacher Guide 

Book (Tunç Bakar, Başdağ, İpek, Bağcı, Köroğlu, Yörük & Keleş, 2011). The test 

consists of 36 multiple-choice questions.  

 

Two Tiered Determining Differentiations in Conceptual Structure Test: Two-

tiered determining differentiation in conceptual structure test is used to state the 

level of differentiation of the students’ conceptual frameworks and underlying on 

students’ reasoning. It consists of sixteen items and two phases for each item. The 

test is developed by Şahin and Çepni (2011a). 
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CHAPTER 2  

 

 

 

LITERATURE REVIEW 

 

 

 

 

This chapter presents literature review of theoretical and empirical background of 

this study. The search results are based on the publications in science education in 

various databases and indexes by using the keywords “guided inquiry”, “science 

process skills”, “misconception”, “alternative concepts”, “achievement”, 

”floating”, “sinking”, “buoyancy” and  “pressure”. The literature review is 

outlined on the following subtitles: 

1. Inquiry 

2. Guided Inquiry 

3. Science Process Skills 

4. Alternative Conceptions 

 

2.1. Inquiry 

 

Inquiry as a teaching method has different definitions. According to the National 

Research Council (1996) inquiry is described as the following: 

Inquiry is a multifaceted activity that involves making observations; posing questions; 

examining books and other sources of information to see what is already known in light 

of experimental evidence; using tools to gather, analyze, and interpret data; proposing 

answers, explanations, and predictions; and communicating the results. Inquiry requires 

identification of assumptions, use of critical and logical thinking, and consideration of 

alternative explanations (cited in Llewellyn, 2005 p.4). 
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Students engaging in inquiry are active learners and answer research questions by 

planning an investigation, doing data analysis and drawing conclusions (Bell et al, 

2005). There is an evolution among these abilities of different grade level students 

for doing scientific inquiry. The fundamental abilities necessary for doing 

scientific inquiry for different grade level students are identified by National 

Research Council (2000) in details at the table in Appendix A. The learner 

centered classroom features are essential to develop these abilities. The continuum 

of inquiry ranging from learner-centered to more teacher-centered classroom is 

given in Table 2.1.  

 

 

Table2.1 Essential Features of Classroom Inquiry and Their Variations  
Essential 

feature 

Variations 

1. Learners are 

engaged by 

scientifically 

oriented 

questions. 

Learner poses a 

question. 

Learner selects 

among questions, 

poses new 

questions. 

Learner clarifies 

question 

provided by 

teacher or other 

source. 

Learner 

engages in 

question 

provided by 

teacher 

2. Learners 

give priority to 

evidence in 

responding to 
questions 

Learner 

determines 

evidence and 

collects it. 

Learners 

directed to 

collect certain 

data 

Learner given 

data and asked 

to analyze 

Learner given 

data and told 

how to analyze 

3. Learners 

formulate 

explanations 

from evidence 

Learner 

formulates 

explanation 

after 

summarizing 

evidence 

Learner guided 

in process of 

formulating 

explanation from 

evidence 

Learner given 

possible ways to 

use evidence to 

formulate 

explanation. 

Learner 

provided with 

evidence and 

the usage of it  

to formulate 

explanation 

4.Learner 

connects 

explanations to 

scientific 

knowledge 

Learner 

independently 

examines other 

resources and 

forms the links 

to explanations 

Learner directed 

toward areas 

and sources of 

scientific 

knowledge 

Learner given 

possible 

connections 

 

5. Learners 

communicate 
and justify 

explanations. 

Learner forms 

reasonable 
argument to 

communicate 

explanations. 

Learner coached 

in development 
of 

communication. 

Learner 

provided broad 
guidelines to use 

sharpen 

communication. 

Learner given 

steps and 
procedures for 

communication. 

More …………………………Amount of Learner Self-Direction ……………………..Less 

Less ……………………………Amount of Direction from Teacher or …………………More 

Reference: Inquiry and the National Science Education Standards (NRC 2000, p. 29, Tables 2–6). 
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In order to be able to apply inquiry instruction successfully, the teachers should 

get experience and detailed information about inquiry instruction. Since most of 

the teachers have an education based on traditional method, it is difficult to use 

inquiry-based instruction appropriately in the classroom. The essential features of 

classroom inquiry, which are described above can be used as a guide for 

constructing a learner-centered instruction. 

 

There are different levels of inquiry activities, which are focused on students’ and 

teachers’ responsibilities of asking questions, collecting and interpreting data. 

These levels of inquiry are firstly described by Schwab (1962) and then reformed 

by Herron (1971), Rezba, Auldridge, and Rhea (1999) and Colburn (2000) (as 

cited in Blanchard et al, 2010; as cited in Bell et al, 2005; Colburn, 2000; Fay et 

al, 2007; NRC, 2000; as cited in Smithenry, 2010). According to the common 

fundamentals of related researches four levels of inquiry are listed as the 

following: confirmation, which is stated as level 0 in this study, structured, guided 

and open inquiry. The four levels of inquiry and description of these levels 

according to the literature review are presented on Table 2.2.  

 

Table 2.2 Description Details of Inquiry Levels 
Inquiry Level Description 

Level 0: Verification 

(Confirmation) 

The teacher provides the question and the step-by-step procedure 

to gather data and the students follow the procedure in order to 

confirm an answer they previously know. 

 

Level 1: Structured Inquiry The teacher provides the question and the step-by-step procedure 

to gather data and the students follow the procedure in order to 

confirm an answer they do not know previously. 
 

Level 2: Guided Inquiry The teacher provides the problem to investigate and the students 

devise their own procedure and interpret the results. The teacher 

guides the students with open-ended questions, encourages 

students to think by themselves and design their own 

investigation. 

 

Level 3: Open Inquiry Students formulate their own problem related to the topic, 

determine the materials and design the procedure they will 

follow, interpret the results. They follow all the aspects of doing 

scientific investigation similar to the scientists. 

Reference: Summarized from Blanchard et al (2010), Bell (2005), Colburn (2000), NRC (2000)  
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Both the confirmation level and structured inquiry levels are named as “cookbook 

labs”, because they are similar in having step by step instructions to follow the 

procedure and gather data (Colburn, 2000). The difference between the level 0 

and level 1 is that the level 0, confirmation level is performed after the target 

concept is taught. Students are already familiar with the presented concepts. For 

this reason, the students confirm an answer they previously know and this is not 

an inquiry level. On the other hand at the level 1, structured inquiry level students 

perform the laboratory before the target concept is taught, so they confirm an 

answer they do not know previously. The majority of experiments in the 

textbooks are planned at confirmation level or structured inquiry level and 

students do not formulate hypothesis, design a procedure and collect data. 

 

The main target is achieving open inquiry activities, which are fundamental of 

scientific literacy (Wenning, 2005), but both students and teachers need practice 

to implement such activities. The role of teacher in inquiry method is too 

important. Teachers should have adequate content knowledge and pedagogical 

knowledge about the instructional method, because the collaboration between 

teacher and students enhance inquiry (Crawford, 2000). Teachers should get a role 

as a facilitator and do it by asking qualified open-ended questions and avoiding 

telling the students what to do (Anderson, 2002; Colburn, 2000). This is possible 

through professional development designed especially to help teachers how to 

teach through inquiry (Banerjee, 2010; McDermott, Shaffer & Constantinou, 

2000). Also written teaching cases and videotapes of inquiry teaching experiences 

help teachers to develop their skills of inquiry (Llewellyn, 2005; NRC, 2000). 

Students, parents, administers may resist inquiry (Wenning, 2005), but teachers 

can decrease the resistance with active involvement of students in the instruction. 

Therefore, teachers should make transitions from confirmation type traditional 

instruction method through structured, guided and open inquiry.  
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2.1.1. Research Studies on Inquiry  

 

According to a meta-analysis done by Minner, Levy and Century (2009) 51 % of 

138 studies on inquiry instruction between the years 1984 and 2002 showed 

positive impacts on student content learning. The studies on inquiry increased in 

1994-2002, 94 out of 138 studies were implemented between these years. 

According to these results, teachers are encouraged to use inquiry-based 

instruction in order to enhance students’ understanding of scientific concepts and 

procedure in recent years.  

 

Thacker, Kim, Tretz & Lea (1994) investigated the effect of inquiry based 

instruction on students’ performance comparing with traditional problem solving 

based instruction about the electrical circuits. The participants of the study were 

elementary education majors. As a result, the students got inquiry-based 

instruction performed significantly better than students took the standard 

traditional instruction and they outperformed also the honors physics students. 

Scherr (2003) stated that inquiry instruction succeed better in conceptual 

questions than students in traditional lecture based courses on the subject of mass, 

volume and density even in large classes. This is possible with correct and 

adequate guidance of teacher. Likewise, McDermott et al (2000) compared the 

achievement of two groups consist of prospective elementary school teachers 

learning physics by inquiry, but with little teacher support and traditional standard 

instruction. The results emphasized that without sufficient emphasis on concept 

development inquiry instruction was no more effective than standard physics 

instruction.  

 

Haury (1993) stated the different applications of inquiry according to the previous 

researches and listed the benefits of inquiry for students such as developing 

laboratory skills like graphing and interpreting data, encouraging scientific 

literacy and science process, critical thinking, improving attitudes toward science 

and increasing achievement. 
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Most of the previous studies in Turkey also focus on the effect of inquiry teaching 

method on students’ achievement, attitude and anxiety. Tatar (2006) investigated 

the effect of inquiry instruction on 7
th

 grade students’ science process skills, 

achievement, and attitudes toward science and the results showed that the inquiry 

instruction had more effect in developing science process skills, academic 

achievement, and attitudes when compared to the traditional instruction. Güngör 

Seyhan (2008) investigated the effect of inquiry experiments on attitude, anxiety 

and science process skills of 42 pre-service chemistry teachers and performed 12 

experiments about various chemistry topics. Results showed that, the science 

process skills of students and attitudes toward chemistry laboratory increased, 

while the anxiety toward chemistry laboratory decreased. Tatar and Kuru (2009) 

compared the inquiry instruction and traditional instruction in terms of attitudes 

toward science lesson. The participants of the study were 7
th

 grade students. 

According to the results, attitudes of the students in inquiry-based class increased 

significantly much more than traditional one. Timur and Kıncal (2010) did an 

experimental study with 7
th 

grade students at the unit of pressure and analyzed the 

test results according to the cognitive level of students. As a result there was not 

any difference in knowledge level between the traditional method group and 

inquiry method group, while level of comprehension and application rose in favor 

of experimental group. Akpullukçu (2011) investigated the effect of inquiry-based 

instruction on students’ achievement, attitudes and retention levels. Results of the 

study established significant increase in the achievement and attitudes of the 

students of experimental group. However, there was no significant difference 

between the retention levels of experimental and control groups. The inquiry-

based activities implemented in that study, progressed from guided to open 

inquiry level.  

 

2.2 Guided Inquiry  

 

The level 2, guided inquiry level causes the students to investigate a teacher 

presented question by formulating hypothesis, designing their own procedure, 

choosing the necessary materials, analyzing data and drawing conclusion. By this 
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way, students develop each component of investigation and get the responsibility 

of their own learning (Bell et al, 2005). The teacher guides the students with open-

ended questions, encourages students to think by themselves and design their own 

investigation. 

 

Blanchard et al (2010) compared the efficacy of guided inquiry laboratory 

instruction to verification type laboratory instruction on students’ performance of 

content knowledge, procedure and nature of science. The participants of the study 

were 1700 students of 12 middle school and 12 high school science teachers. The 

teachers joined the study completed a six week professional development program 

related to teaching inquiry based instruction. According to the results, students in 

guided inquiry laboratory instruction outperformed the students in to verification 

type laboratory instruction in both middle and high school levels in terms of 

conceptual knowledge, procedural knowledge, nature of science and scientific 

inquiry.  Moreover students in middle school utilized more than high school 

students from the guided inquiry laboratory instruction although high school 

students gain more knowledge than middle school students. 

 

Maguire et al (2010) implemented a guided inquiry activity for exploring osmosis 

and diffusion in cells. They developed the activity according to the assumptions of 

guided inquiry and revised it according to the implementations at different classes. 

In order to make the planning easier to students they deliver a handout of 

investigation proposal. These handouts help students to plan the stages in right 

order and teachers to make quick review and guide with right questions. 

According to the suggestions of the study, the guided inquiry laboratory 

instruction helps the teacher be aware of students’ misconceptions about the 

subject, the hypothesis and assist the teacher to remediate them. 

 

Chatterjee et al (2009) implemented 10 experiments, 8 guided inquiry and two 

open inquiry experiments, to 703 students in the engineering chemistry course. At 

the end of the treatment they focused on students’ differentiation between guided 

and open inquiry laboratory, students’ attitudes toward guided and open inquiry 
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laboratory and students’ perceptions about their learning from guided and open 

inquiry laboratory. The results showed that, most of the students identified guided 

inquiry experiments correctly, they had a more positive attitude toward guided-

inquiry laboratories and they think they learn more with guided-inquiry 

laboratories than with open-inquiry laboratories according to the survey on 

students’ attitudes and perceptions toward guided inquiry and open inquiry 

laboratories. 

 

Gangoli & Gurumurthy (1995) compared the effect of guided inquiry approach to 

the traditional laboratory approach on developing cognitive abilities and 

laboratory skills creative abilities with the sample consist of 92 students in higher 

secondary school classes. The guided inquiry approach was superior to traditional 

laboratory approach in developing cognitive abilities and laboratory skills. 

However, there was not any significant difference in creative abilities. 

 

In order to increase the effectiveness and applicability of guided inquiry 

instruction in schools, the teachers should be developed professionally. As stated 

by Banerjee (2010), high school teachers involving in three years professional 

development model promoted the skills of learning and applying guided inquiry 

instruction. While 25 % of teachers conducted inquiry labs at the end of the first 

semester, this ratio increased to 58% at the end of the third semester. By the way, 

students asked more questions and the ratio of post-lab discussions increased from 

35 % from the first semester to 65 % to the third semester. Although 83 % of 

students mentioned that they liked guided inquiry, they declared that that this type 

of instruction was not useful in preparing for graduation tests, because their 

parents stated that there was not any inquiry instruction in college or university. 

This result was analogous with the results of the research presented by Bruck, 

Bretz and Towns (2009), which stated that 90 % of 229 undergraduate chemistry 

laboratories in 13 manuals were classified as structured laboratory activities with 

little opportunity for student independence.  
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Kopitzki (2011) investigated the effect of additional support given to inquiry 

based learning about the floating and sinking. The participants of the study are 

sixty-four German fourth grade students. There were two experimental groups 

differ in the amount of additional support and a control group applying hands on 

activity and structuring experimental data and reflection on experimental 

outcomes. Results indicated that the experimental groups outperformed the 

control group and the experimental group with more support outperformed the 

other experimental group. 

 

In Turkey, the research studies related to guided-inquiry instruction mostly 

investigated the effect of instruction on achievement, attitudes and science process 

skills.  Timur & Kıncal (2010) investigated the effect of guided inquiry on 

students’ achievement. The participants of this study were 128 7
th

 grade students. 

They applied thirty activities and find out that there was not difference in 

knowledge, but there is a statistical significant difference in comprehension and 

application levels. Therefore, guided inquiry instruction makes learning deeper.  

 

Köksal (2008) investigated the effect of guided inquiry to develop students’ 

understanding of concepts, science process skills and attitudes toward science. 

The sample of the study consisted of 168 sixth grade students. As stated in results, 

guided inquiry caused a significant difference in a biology unit, reproduction, 

while made no difference at the achievement of physics unit, force and motion. 

The instruction also helped students to develop science process skills and attitudes 

toward science.  

 

Doğru & Aydoğdu (2003) applied a survey to 6, 7, 8
th
 grades of seven elementary 

school students about the frequently preferred instructional methods in class. The 

results showed that the frequently used methods were lecturing and problem 

solving. The laboratory, observation and demonstration were the methods rarely 

used in science courses.  In Turkey, the research studies on guided inquiry 

instruction are performed newly.  As stated by Dede & Yaman (2006) students 

prefer to do teacher centered activities because they get 5-year primary school 
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education with the same teacher and resist applying inquiry instruction (cited in 

Köksal, 2008). For this reason, students should get familiar to inquiry firstly with 

guidance of the teacher. Both students and teachers can make transition from 

teacher-centered instruction to learner-centered approach with the help of guided 

inquiry.  

 

2.3 Science Process Skills 

 

Science process skills are defined as the skills that include steps of scientific 

method. The science process skills develop science learning; help learning 

scientific research methods used by scientists (Öztürk et al, 2010). It is 

emphasized at the new science and technology course program published by The 

Ministry of National Education of Turkey, students should train as science and 

technology literate citizens. In order to achieve this goal the importance of the 

science process skills is explained in details and skills are defined with related 

objectives and listed at the program manual (MEB, 2006). 

 

Science process skills are classified into two groups as basic and integrated. The 

basic science process skills are observing, inferring, measuring, communicating, 

classifying and predicting and Table 2.3 shows these basic skills and their 

explanations. The integrated science process skills are controlling variables, 

defining operationally, formulating hypotheses, interpreting data, experimenting 

and formulating models (YÖK, 1997) and Table 2.4 shows these integrated skills 

and their explanations (TTKB, 2005). 

 

Table 2.3 Basic Science Process Skills  
Observing – gathering information with the help of senses, determining similarities and            

differences between objects. 

Inferring - making explanation or interpretation about the observation using related data.  

Measuring – using appropriate measurement tools to estimate the quantity of an object. 

Communicating – writing the observation results or data using words or graphic symbols. 

Classifying - grouping or ordering objects or events into categories. 

Predicting – stating a possible outcome of an experiment   
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Table 2.4 Integrated Science Process Skills  
Defining and Controlling Variables – identifying the independent, dependent and control 

variables. 

 

Planning Experiment- designing the procedure to test the hypothesis 

  

Knowing and Using Laboratory Materials- selecting appropriate materials and using them 

safely. 

 

Experimenting- practicing the effect of variables. 
 

Hypothesizing- forming hypothesis by caring the relationship between variables.  

 

Collecting Information and Data- gathering information from sources.  

 

Recording Data-writing data at the appropriate form. 

 

 Interpreting Data: explaining the relationship between recording data.  

 

Processing Data and Formulating Models- presenting data in the forms graph, table or 

models.  .  
 

Defining Operationally- describing variables exactly with a measurement criterion.  

Summurized from Köksal (2008), Serin (2009), TTKB (2005) 

 

 

The usage area of science process skills is not limited to physics, chemistry and 

biology. These are the skills that can be used in any field in daily life such as a 

farmer testing a hypothesis to take maximum yield or a financier estimate the 

exchange rate and draw graphs. To develop science process skills simplifies not 

only to comprehend science but also to guide the daily life in different ways. In 

order to improve science process skills laboratory works are the irrevocable 

elements. Science process skills are essentials in all laboratory approaches such as 

deductive, inductive or discovery, whichever is implemented. The literature 

review shows that different from the foreign researches which started studying 

science process skills in 1960s, in Turkey the researchers studying science process 

skills started in 1990s with the study of Geban (1990) named as ‘The effects of 

two different instructional treatments on the students chemistry achievement, 

science process skills, and attitudes towards chemistry at the high school level’. 

 

In recent years, there are a lot of researches in Turkey focusing on the effect of 

different instruction methods on the acquisition of science process skills. Kula 

(2009) investigated the effect of inquiry instruction on science process skills, 
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achievement, attitudes and conceptual change. The participants of the study were 

60 sixth grade students. According to the results, there was not any significant 

difference in terms of science process skills between the experimental and 

treatment groups, while attitudes, achievement and conceptual change increases in 

favor of experimental group. Serin (2009) performed the effect of problem based 

learning on the development of science process skills, conversely to Kula (2009) 

in this study there was a significant difference in favor of traditional group.  

 

Tatar (2006) investigated the effect of inquiry-based instruction on the 

development of science process skills, attitude toward science lesson and 

achievement of students. The participants of the study were 104 7
th
 grade students. 

The result showed that inquiry based instruction was effective in developing 

science process skills, attitude and achievement.  

 

Başdaş (2007) compared hands on science learning to traditional instruction on 

acquisition of science process skills, achievement and motivation. The 

participants were 63 6
th
 grade students. According to the results of the study, the 

students performed hands on activities outperformed students implemented 

traditional instruction on science process skills, achievement and motivation. 

 

Anagün & Yaşar (2009) implemented 5E instructional model based on 

constructivist approach to 5
th

 grade students for 50 hours. Then, analyzed the 

science process skills test results. There was a significant difference. The 5E 

instructional model is effective on the development of science process skills of 

students.  

 

Aka et al (2010) investigated the effect of problem based learning on science 

process skills of 3
rd

 class teacher candidates. The participants were 86 students 

and worked electricity. According to the results of the study, there was a 

significant difference between experimental and traditional groups in favor of 

experimental group. 
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There are research studies implemented science process skills based learning and 

planned the activities in order to develop the science process skills. Doğruöz 

(1998) studied with 116 7
th

 grade students and experimental group outperformed 

the control group in terms of science process skills, attitude and achievement. On 

the other hand, Karahan (2006) find out that science process skills based 

instruction improve logical thinking skills of students.  

 

 

2.3.4 Alternative Conceptions 

 

A misconception can be defined as an individual understanding of a concept as 

substantially different from the commonly accepted scientific meaning of it 

(Yağbasan & Gülçiçek, 2003). The researches in recent years do not use the term 

misconception because not all of the preconceptions or alternative concepts of the 

students can be defined as misconception. However teachers should be aware of 

these preconceptions while planning the lesson. As stated by Önen (2005) and 

Şahin (2010) different learner centered methods, such as constructivist approach, 

5E model, computer-aided instruction, are effective in changing students’ 

alternative concepts. There should be a learner-centered environment in order to 

help students discuss their preconceptions.  

 

There are a lot of research studies focused on overcoming the alternative concepts 

about floating, sinking, buoyancy and pressure using different instruction 

methods. These methods are guided inquiry instruction (Timur & Kıncal, 2010), 

problem based learning (Akbulut, 2010), discovery learning (Ünal, 2005), 

conceptual change texts (Yeşilyurt, 2002; Şahin&Çepni, 2010), 5E instructional 

model (Çepni et al, 2010; Şahin, 2010), problem based instruction (Akbulut, 

2010) and constructivist approach (Yavuz, 2007; Önen, 2005). However, most of 

the studies in the literature do not cover all of the subjects of 8th grade unit force 

and motion, which includes subjects floating, sinking, buoyancy and pressure as 

described in the new science and technology curriculum. Some of the studies are 

relevant only with the subject pressure (Baytok, 2007; Önen, 2005; Şahin & 
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Çepni, 2010; Ünal, 2005) while others are relevant with floating, sinking and 

buoyancy (Yavuz, 2009; Çepni et al, 2010; Akbulut, 2010). 

 

The students’ conceptual understanding cannot be realized with true-false or 

multiple-choice items, because the reasoning of students is not written (Tomita, 

2009). The open ended questions (Kula, 2009), interviews (Timur & Kıncal, 

2010) and two or three tiered questions (Şahin, 2010) are meaningful in order to 

see the reasoning. The two or three tiered tests are easy in implementation and 

helpful to teachers in underlying the reasoning of students. Moreover, two-tiered 

test can also contribute to building relationships between the cause and the result 

of the knowledge (Şahin & Çepni, 2011a). 

 

There are lots of research studies, which implemented inquiry teaching as a 

learner centered instructional method. However, few of them (Köksal, 2008; 

Timur & Kıncal, 2010) defined their method with the level as guided-inquiry 

teaching. The implementation of open inquiry instruction method in lessons is 

difficult and not always effective.  The guided inquiry or inquiry-based studies 

investigated the effect of instructional method on achievement, attitude, and 

science process skills or on alternative concepts of students separately. Kula 

(2009) focused on achievement, attitude, science process skills and alternative 

concepts of students together. However, in that study the subjects were floating, 

sinking, and buoyancy and did not cover all the 8
th

 grade unit force and motion as 

mentioned in the new science and technology curriculum. The present study 

covers the entire subjects of the 8th grade unit force and motion and investigates 

the effect of guided-inquiry instruction on the acquisition of achievement, science 

process skills and differentiation of conceptual change of students.  
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CHAPTER 3 

 

 

 

METHODOLOGY 

 

 

 

 

3.1 Research Design 

 

The purpose of this study is to investigate the effectiveness of guided inquiry 

experiments over traditionally designed experiments on the 8th grade students’ 

acquisition of science process skills, content knowledge achievement and 

conceptual understanding about floating, sinking, buoyancy and pressure. Since it is 

not possible to randomly assign the subjects of experimental and control groups, a 

quasi-experimental design is used (Fraenkel & Wallen, 1996, p. 275). There are 

three 8th
 
grade classes as intact groups. Two of these intact groups were randomly 

assigned as experimental groups. The third group was considered as the control 

group. Table 3.1 shows the research design of the study. Before the treatments 

implemented all of the groups are given the pretests, which are unit achievement 

test (UAT), science process skills test (SPST) and two tiered Determining 

Differentiation in Conceptual Structure Test (DDSCT). Then, guided inquiry 

method is implemented to the experimental groups and traditional method is 

implemented to the control group. When the treatments are completed, the students 

take the post-tests.  
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Table3.1 Research Design of the Study 

 O (Pre-test)  X (Treatment) O (Post-test) 

Guided Inquiry 
group 

UAT 

SPST 
DDSCT 

 
Guided Inquiry 

Method 

UAT 

SPST 
DDSCT 

 

Traditional group  

UAT 

SPST 

DDSCT 

 
Traditional 

Method 

UAT 

SPST 

DDSCT 

 

 

3.2 Population and Sample 

 

The target population of the study covers all 8
th

 grade students attending to the 

private elementary schools in Istanbul city. There are 232 private elementary 

schools in Istanbul city.   

 

The accessible population of the study is the students attending to the private 

elementary schools in the Bahçelievler district in Istanbul. There are 11 private 

elementary schools in the Bahçelievler district in Istanbul. In these schools there are 

totally 22 classes and 445 students in the eighth grade. The sample of this study 

consists of 3 classes and 56 students at a private elementary school in the 

Bahçelievler district in Istanbul city. This matched approximately thirteen percent 

of the whole population. Table 3.2 shows the number of classes and students in the 

study. 

 

Table 3.2 Number of classes, and students in the sample 

District School 
Number of class in 

the sample 

Number of 
Students in the 

sample 

Bahçelievler School A 3 56 

 

 

Fraenkel and Wallen (1996) identify the convenience sample as "a group of 

individuals who (conveniently) are available for study’ (p. 99). In this study, 

sample chosen from the accessible population is a sample of convenience. 8th grade 

students in three classes of a private elementary school are chosen as the sample of 

the study. Due to the administrative constraints it is impossible to randomly select 
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students and assign them to the treatment groups. For this reason one of the classes 

is randomly assigned as the control group, other two groups are randomly assigned 

as treatment groups. Table 3.3 shows detailed information about the sample 

characteristics such as the gender of students, intact groups and the teachers. One of 

the teachers has an experimental and a control group, while the second teacher has 

an experimental group. 

 

Table 3.3 Sample Characteristics. 

Treatment Group Intact class 
Gender of students 

Male Female Total 
Teacher 

Experimental 

group 

8A 

8C 

12         7        19 

14         6        20 

A (Female) 

N (Female) 

Control 

group 
8B 13         4        17 A (Female) 

Total 3 classes 39        17       56  

 

 

Because of some illness problems one of the female students from the experimental 

group intact class 8A did not take the achievement and science process skills post-

test. The number of students who took the pretest of UAT is 49, SPST is 50, 

DDSCT is 54. All the students took the posttests. Thus the number of students who 

took all post-tests is 55. 

 

3.3 Instruments 

 

There are three measuring tools used in this study which are Unit Achievement Test 

(UAT), Science Process Skills Test (SPST) and two tiered Determining 

Differentiation in Conceptual Structure Test (DDSCT). 

 

3.3.1 Unit Achievement Test (UAT) 

 

The unit achievement test is used to assess how much students accomplish the 8
th 

grade “force and motion” unit objectives. The subjects covered at this unit are 

floating-sinking, buoyancy and pressure. First of all, the objective list of the force 

and motion unit which is covered in 8th Grade Science and Technology Teacher 
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Guide Book, is revised according to the Bloom’ Taxonomy (Bümen, 2006; Talim 

Terbiye Kurulu Başkanlığı, 2005). There are twenty objectives covering all the 

contents. The first and second version of the objectives is given in Appendix B. 

Since there is not any available test form overlapped with the all of the objectives 

of this unit, the researcher developed the unit achievement test. The researcher 

utilized some items from the previously developed thesis tests. The objectives 

related to the subjects floating-sinking, buoyancy and pressure stated at the 8th 

grade science curriculum is taken as a base to select the items from these previously 

developed tests. Items were selected in a way to match the objectives of the 

respective curriculum content. This table is an evidence of content validity and 

given in Appendix C. Some of the questions were taken from previous studies. 

Some major revisions were carried out on the item content in order to improve the 

objective item content match. These are represented as researcher-developed items 

in Table 3.4, which shows the reference of unit achievement test items. 

 

Table 3.4 Reference of Unit Achievement Test Items  
Source Item no 

Akbulut, (2010) 1,2,3,5,6,9, 

 

14,17, 18,19,20 

 

4,7,8, 10, 11, 12, 13,15,16, 

Baytok, (2007) 

Reseacher deveoped 

 

 

The Unit Achievement Test (UAT) is in Turkish and consists of 20 multiple-choice 

items with one correct choice and three distracters. The students answer the items 

by selecting the correct alternative. Before the pilot study, for the face validity, the 

UAT is checked by four teachers (two physics teachers and two science and 

technology teacher) and one expert (an assistant professor) from the Secondary 

Science and Math Education Department. All of these people are informed about 

the purpose of the test and they checked the UAT according to the questions in the 

Achievement Test Feedback Form given in the Appendix D. The alternatives in 

question 1 are ranged again, the points A and B stated at item 19 are illustrated at 

the shape of question, the term ‘basınç’ is changed with the term ‘açık hava basıncı’ 

at the item 20 according to the feedbacks taken from the science teachers. They all 
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agree with that UAT covers all the objectives of related content, language of the 

test, difficulty level and figures in the test are appropriate for the 8
th
 grade students 

and a lesson of 40 minutes is enough for an average student to complete the test. 

Before administered in the treatment and control group, a pilot study is conducted 

with 8
th

 grade students from different district in Istanbul. The first pilot study is 

conducted with 67 8
th
 grade students in an elementary school located in Gazi 

Osman Paşa district. According to the item analysis table, which is given in 

Appendix E, the items in the UAT are revised. Then the second pilot study is 

conducted with 69 8th grade students in an elementary school located in Bakırköy 

district in Istanbul. Item analysis table formed after the second pilot application is 

given in Appendix F. The final version of UAT is given in Appendix G. The final 

version of the UAT is administered as pre-test and post-test for both the 

experimental and control groups.  

 

Students get 1 point for each correct response and 0 point for incorrect respond. 

Thus, the students get 20 points if they answer all the items correctly. Item analysis 

is done by the ITEMAN program. Cronbach  reliability coefficient is calculated 

for pilot 1, pilot 2, pretest and post-test results and these values are presented at 

Table 3.5 Statistics of Item Analysis of UAT.  

 

Table 3.5 Statistics of Item Analysis of UAT 
Statistics for the UAT Pilot 1 Pilot 2 Pretest 2 

Number of items 20 20 20 

Number of students 67 72 49 

Mean 7,731 13.431 15.577 

Standard deviation 2,768 3.562 2.691 

Skewness 0.563 -0.224 -0.706 

Kurtosis -0.004 0.515 0.946 

Cronbach alpha 0.460 0.753 0.875 

Item difficulty 0.387 0.6720 0.779 

Item discrimination 0.369 .581 0.564 
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3.3.2 Science Process Skills Test (SPST) 

 

The Science Process Skills Test used in this study is developed by Okey, Wise and 

Burns (1982) and translated and adapted into Turkish by Geban, Aşkar, and Özkan 

(1992). The test consists of 36 multiple-choice questions. The reliability coefficient 

of the test is calculated as 0.85. The test includes items related to five different 

science process skills which are identifying variables, identifying and stating 

hypotheses, operationally defining, designing investigations, graphing and 

interpreting data (cited in Azizoğlu, 2004). 

 

The Science Process Skills Test is given in Appendix H. Burns, Okey and Wise 

(1985) offered the test for grades 7-12 free from any curriculum or content area 

(cited in Serin, 2009). In this study, SPST is applied to both the experimental and 

control groups as pretest and post-test. Students get 1 point for each correct 

response and 0 point for incorrect respond. Thus, the students get 36 points if they 

answer all the items correctly. Burns, Okey and Wise (1985) stated that middle 

school students need up to 50 minutes for completing the test (cited in Serin, 2009). 

For this reason students participating to this study are given 50 minutes to complete 

the test. 

 

3.3.3 Two Tiered Determining Differentiation in Conceptual Structure Test 

(DDSCT) 

 

Two Tiered Determining Differentiation in Conceptual Structure Test (DDSCT) 

used in this study is developed by Şahin and Çepni (2011a). The reliability 

coefficient of the test was 0.81, it can be concluded that the test is reliable. Two-

tiered tests are separated from multiple-choice item tests with at least one 

dimension having a second phase in which the reasons for the marked choices of 

the first phase are required to be stated. Two-tiered test is used to state the level of 

differentiation of the students’ conceptual frameworks and underlying on students’ 

thinking. Moreover, two-tiered tests state whether or not the student is aware of 
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his/her own knowledge. The DDSCT consists of sixteen items and two phases for 

each item. First phase includes multiple-choice item with four choices. These 

choices are the situations that students are having alternative conceptions. Second 

phases of the each question include an open-ended section starting with “because” 

for students to write their reasons for their choice in the first phase (Şahin & Çepni, 

2011a). The Two Tiered Determining Differentiation in Conceptual Structure Test 

is given in Appendix I. 

 

The scoring of the DDSCT is found as the sum of first and second phase scores for 

each item. For the first phase, students get 5 point for the correct response, 1 point 

for the wrong response and 0 point for the empty response. Şahin and Çepni 

(2011a) explained scoring of the second phase as stated in Table 3.6.  

 

Table 3.6 Scoring of Items in DDSCT for Second Phase 
Level of Understanding Scoring 

points 
Index 

 

Correct Reason 10 Explain the reason by considering all of the aspects 

of  the valid reason 

Partially Correct 

Response 

8 Explain the reason by considering some of the 

aspects. There are missing parts. 

Response with Alternative 

Concept 

3 There is partially correct knowledge and including 

misconception. 

Incorrect Response 2 Explain the reason with incorrect knowledge 

Empty Response 0 Empty or irrelevant statement 

 

When the student answers the item correctly in the first phase and explains the 

reason considering all the aspects of related subject he/she gets 15 points for that 

item. Thus, the students get 240 points if they answer all the items correctly. 

Students are given 40 minutes to complete the test.  

 

3.4 Teaching/Learning Materials 

 

Behind the measuring instruments the lesson plans and laboratory experiment 

manuals are prepared separately for control and experimental groups. In this 

section, guided inquiry laboratory experiment manuals, prepared for experimental 

group and traditional laboratory experiment manuals, prepared for control group are 

explained. 
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3.4.1 Guided Inquiry Laboratory Experiment Manuals  

 

First of all the objectives of the unit are listed and examined in details. Also 

objectives related to the science process skills are examined in details. The Table of 

Science Process Skills Objectives for 6, 7, 8th grades is given in Appendix J. In 

order to improve students’ conceptual understanding and science process skills in a 

student centered laboratory implementation a detailed search in the relevant 

literature is done. Then the implementation of laboratory experiment manuals based 

on guided inquiry instruction is decided as treatment. Since the aim is improving 

science process skills of students, the experiments about floating, sinking, 

buoyancy and pressure listed in the science and technology textbook, developed 

and implemented at previous years by researcher and exemplified in previously 

performed research studies are matched with related science process skills 

objectives. Then the guided inquiry laboratory experiment manual is completed by 

inspiration from previous studies about guided inquiry laboratories (Banerjee, 2010; 

Blanchard et al, 2010; Colburn, 2000; Domin, 1999; Güngör Seyhan, 2008; Köksal, 

2008; Serin, 2009; Timur & Kıncal, 2010; Wenning, 2005; Yavuz, 2007). Guided 

inquiry laboratory experiments in the manual versus science process skills 

objectives are given in Table 3.7. 

 

Table 3.7 Guided Inquiry Laboratory Experiments Versus Science Process Skills 

Objectives 
Experiments Science Process Skills Objectives 

1. Computing Density of Unknown Metal Object 16, 21, 22, 23, 24, 27, 31 

2. Computing Density of Wooden Object 9, 16, 21, 22, 23, 24, 27,31 

3. Computing Density of Unknown Liquid 6,8, 9, 16, 21, 22, 23, 24, 27, 30 

4. Liquids Mixed Heterogeneously 1, 3, 9, 27, 31 

5.Positions Of Solid Objects In Liquid 1,7, 8, 9, 25, 27, 30 

6.Let The Egg Float 8, 9, 17, 25, 31 

7. Buoyancy Force 8, 16, 17, 22, 24, 27, 31 

8. Factors Affecting Buoyancy Force 9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 
22, 25, 26, 27, 29, 30, 31 

9.Archimedes’ Principe 9, 16, 17, 18, 22, 23, 24, 27, 32 

10. Pressure 1, 2, 4, 5, 7, 32 

11. Transmission Of Fluid-Pressure 1, 8, 9, 31, 32 

12. Factors Affecting Fluid-Pressure 9, 10, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 

24, 26, 27, 30, 31, 32 

13. Air Pressure 1, 8, 9 
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The experiment reports in the guided inquiry laboratory experiment manual include 

sketches, which are filled by students in order to organize the investigation before 

starting the experiment. Similar sketches are also suggested by Maguire, Myerowitz 

and Sampson (2010). Moreover, the experiments have a pre-lab part to discuss the 

previous knowledge or daily life observation related to the subject and the 

discussion part to make discussion for different situations and predictions for the 

next experiments. The guided inquiry laboratory experiment manual includes two 

pages of a simple matching activity about the scientists related to this unit, thirteen 

guided inquiry experiments sorted logically according to the implementation of the 

treatment and a science process skills observation form. The guided inquiry 

laboratory experiment manual is given in Appendix K. Before the implementation 

of the treatment, three experts, two assistant professors from the Elementary 

Science Education Department and a professor from the Secondary Science 

Education Department check guided inquiry laboratory experiment manual. The 

guided inquiry experiment manuals are improved according to their suggestions. 

An example of the manuals before and after the revision is given in Appendix L. 

Moreover, a science teacher and two physics teachers criticized the manuals 

according to the activity matching science process skills rubric developed by Yalçın 

(2011). The rubric and the table shows experiments versus average scores taken for 

the rubric are given in Appendix M. The guided inquiry laboratory experiment 

manual is implemented during 2 lessons time per week for 5 weeks. 

 

 

3.4.2 Traditional Laboratory Experiment Manual 

 

The traditional laboratory experiments are defined as verification, cookbook or 

structured experiments by the researchers (Blanchard et al, 2010; Colburn, 2000; 

Güngör Seyhan, 2008; Wenning, 2005). Wenning (2005) explains the properties of 

traditional laboratory experiments as lab activities with step-by-step instructions 

requiring minimum intellectual engagement of students. These experiments focus 

on the verification of previously communicated information.  
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The students in control group implement Traditional Laboratory Experiment 

Manual after the lecture. The Manual consists of thirteen experiments, the same 

subject with the guided inquiry laboratory experiment manual. But the experiments 

in this manual are stated step-by-step. The students just do the processes written in 

the procedure and make the measurements. There is not a pre-lab part or the 

discussion part. The Traditional Laboratory Experiment Manual is given in 

Appendix N. The traditional laboratory experiments manual is implemented at the 

end of each subject for 2 lessons time per week for 5 weeks.  

 

3.5 Procedure 

 

The procedure followed for this study is arranged as the following: determination of 

research problem and key words, searching for literature review, identifying the 

properties of the population and sample, development of instructional materials, 

development of measuring instruments, implementation of pilot study for the 

achievement test, application of the pretests, implementation of treatment, 

application of post-tests, data collection, analysis of data, conclusion, writing the 

thesis.  

 

3.6 Implementation of Treatments 

 

In this section treatments given to the experimental and control groups are 

explained in details at the following parts.  

 

3.6.1 Treatment Given To the Experimental Group 

 

The treatment given to the experimental group is guided inquiry instruction. This 

instructional method is implemented at two experimental classes during five weeks. 

Since the teachers of two experimental groups are different in order to avoid 

possible differences in the implementation of treatments detailed lesson plans are 

prepared. Each teacher used these lesson plans. Moreover, the teachers attend to the 
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lesson of the other experimental group as an observer at least one lesson in a week. 

There are four science lessons in a week and at least two of them are performed in 

the laboratory. The students are divided into heterogeneous groups according to 

their previous science and technology grades. In the beginning of the first lesson 

students discuss pre-lab parts of the manual firstly in the group, then in the class. 

This part helps them recall some needed information. Then, students plan the 

experiment according to the research question and other guiding questions, choose 

the required equipment and perform the experiments. Students do the observation, 

collect data and write them in appropriate format. Then they make conclusion and 

discuss the results. The teacher walks around the class, guides the groups with 

questions when they need help, makes observations relevant to the implementation, 

takes notes in order to fill the observation checklist for each student at the end of 

the unit. During the first experiments the teacher often warns the students to make 

correct and accurate measurements. At the end of the experiment students deliver 

the manuals to the teacher. The teacher goes through the manuals and gives the 

students feedback. If necessary the teacher gives a general feedback to the class. 

After the experiments one lesson is devoted to review the related concepts. After 

the first week students get used to the treatment and feel more comfortable, make 

more meaningful discussions, ask more clear and definite questions. Also they 

make more accurate measurements and data interpretations. At the end of the 

treatment all the students make their own assessment by filling the observation 

sheet at the end of the manual. Then the teacher also makes the assessment using 

the previously taken notes and experiment reports. Students put their manuals to 

their portfolios.  

 

A detailed review of first week implementation 

 First lesson: Teacher gave the students randomly open ended questions 

including daily life examples related to floating, sinking, buoyancy and 

pressure. The students tried to answer them and put on the class board.  

 Teacher gave information about the implementation, the role of teacher and 

role of students. Lab groups were selected.  
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 Second lesson: Experiment 1: Calculating density was implemented. 

1. Students tried to answer prelab questions by discussing in their groups. 

Teacher walked around and did observations. 

2. After five minutes discussion of the prelab questions in class, teacher 

did not answer; only run the discussion through groups.  

3. For the second question, which was ‘When we cut the play dough into 

three small parts how does the density change?’ Teacher took students 

opinions summarized on the board and then asked ‘When we pour some 

of the water from bottle to glass does the density of water change?’. 

Students discussed in groups. 

4. Students discussed the definition of density and how to estimate the 

density.  

5. Teacher walked around and asked them why mercury filled bottle is 

heavier than water filled identical bottle. Whose density is bigger? What 

is the unit of density? Search the manual.  

6. Teacher gave students the materials they decided to use in the 

experiment.  

7. Students implemented the experiment according to their own planning 

and collected data. For example, some groups used ruler, some groups 

used water and graduated cylinder to estimate the volume of the object.  

8. Teacher warned the students to do accurate measurements.  

9. Then students drove the conclusion and discussed the post lab questions.  

 Third lesson: The post-lab discussion was done in class in details. The outcomes 

from the experiment were written on the board and one of the volunteered 

students summarized the definition of density, the estimation of density. Then, 

worksheet including open ended questions about the estimation of density was 

performed by the students.  

 Fourth lesson: The second experiment the density of a wooden object was 

implemented. Students discussed in the groups and designed the experiment, and 

material they need.  
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1. Teachers walked around the class and asked questions like:  How did 

you measure the volume? Did you do accurate measurements?  

2. Students gathered data, drew the table and estimated the density of 

wood. On the post lab they compared the density given in the 

question and the density they measured. Then, they interpreted the 

difference. 

3. By doing the class discussion the outcomes from this experiment 

were summarized.  

 

3.6.2 Treatment Given To the Control Group  

 

The treatment given to the control group is traditional instruction including 

lecturing and verification type experiment manuals. In the control group, the 

teacher presents the content, explains the subject in details, and solves problems. 

After the instruction, the students get the laboratory section and implement the 

traditional laboratory experiments. The aim of the experiments, the equipment that 

will be used and the procedure, all these parts are written step-by-step in the 

manual. Students read the steps, perform the experiments, make observations and 

collect data. They verify previously learned information.  There is not pre-lab and 

discussion part in their manuals. The teacher observes the students, performs some 

of the experiments as demonstration for the class. The experiment reports are used 

to assess students’ laboratory performance. 

 

A detailed review of first week implementation 

 

 First lesson: Teacher gave the students randomly open ended questions 

including daily life examples related to floating, sinking, buoyancy and 

pressure. The students tried to answer them and put on the class board.  

 Teacher gave information about the subjects at this unit force and motion.  

 Second lesson: teacher defined the density, wrote the formula of the density 

and unit of the density 
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 Teacher wrote sample problems related to the estimation of density and 

solved them.  

 Students wrote the definition, formula and sample problems to their 

notebook.  

 Then, worksheet including open ended questions about the estimation of 

density was performed by the students. The worksheet was the same with 

experimental group. 

 Third lesson: Teacher gave examples about estimating the volume, mass and 

density of non-geometric objects such as a rock or wood, solved quantitative 

problems. Students also solved problems on the board.  

 Fourth lesson: Experiment 1 and 2 were implemented. Students performed 

the step-by-step designed procedure and did measurements, got data and 

drew conclusion.  

 

3.7 Analysis of Data 

 

The pre-test and post test results of Unit Achievement Test (UAT), Science Process 

Skills Test (SPST) and two tiered Determining Differentiation in Conceptual 

Structure Test (DDSCT) are constituted the data of the study. The scores taken 

from the tests, number of students, classes, genders and their treatment groups are 

entered to an SPSS data file. Repeated ANOVA is used for the analysis of UAT, 

SPST and DDSCT.  

 

3.8 Assumptions and Limitations 

 

The following statements are the assumptions of this study: 

 Students completed the tests and activities seriously 

 Treatments of both experimental groups and control groups are 

implemented according to the lesson plans. 

 Characteristics of two teachers of treatment groups did not affect the results. 
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The following statements are the limitations of this study: 

 This study is limited to the 8th grade students from a private school in a 

central district of metropolitan city. 

 This study is limited to the unit of force and motion in 8th grade science 

and technology curriculum.  
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CHAPTER 4 

 

 

 

RESULTS 

 

 

 

 

The results are divided into three sections. The first section presents the descriptive 

statistics associated with the data collected from the administration of the unit 

achievement test (UAT), Science Process Skills Test (SPST) and Two-Tiered 

Determining Differentiation in Conceptual Structure Test (DDCST). The second 

section of this chapter presents the inferential statistical data yielded from testing 

the three null hypotheses outlined in Chapter 1. Finally, the last section summarizes 

the findings of the study. 

 

4.1 Missing Data Analysis 

 

Dummy coded variable is formed for missing values (0 for present, 1 for absent 

values). Then t-test is performed to determine the significance of these missing 

values, as a result they are found to be significant. Therefore dummy coded 

variables are retained as one of the independent variables and the missing values 

are changed with the mean of the whole students. 

 

Since there are six students who did not participate the pretest of UAT (10.9 %) as 

Table 1 indicated, dummy coded variable is formed for missing values (0 for non-

missing, 1 for missing values).  
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Table 4.1 Missing Value in PreUAT and PstUAT 

  PreUAT PstUAT 

N Valid 49 55 

Missing 6 0 

 Percentage of 

missing data   

10.9 0 

Mean 5.3878 15.53 

 

Then t-test is performed to determine the significance of these missing values, as can 

be seen in Table 4.2, they are found to be significant. Therefore dummy coded 

variables are retained as one of the independent variables and the missing values are 

changed with the mean of the whole students (5.3878). 

 

Table 4.2 Independent Samples Test for PreUAT 

  

Levene's Test 

for Equality 

of Variances 

t-test for Equality of Means 

  

 

95% 

Confidence 

Interval of the 

Difference 

  

F Sig. t df 

Sig. 

(2-

tailed) 

Mean 

Differ. 

Std. 

Error 

Differ. Lower Upper 

PreUAT Equal variances 

assumed 

8.414 .005 5.672 53 .000 5.38776 .94990 3.4825 7.2930 

Equal variances not 

assumed 
  

16.342 48.00 .000 5.38776 .32968 4.7249 6.0506 

 

 

Since there are five students who did not participate the pretest of SPST (9.1 %) as 

Table 4.3 indicated, dummy coded variable is formed for missing values (0 for non-

missing, 1 for missing values).  
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Table 4.3 Missing Value in PreSPST and PstSPST 

  PreSPST PstSPST 

N Valid 50 55 

Missing 5 0 

 Percentage of missing 

data   

9.1 0 

Mean 19.96 21.67 

 

Then t-test is performed to determine the significance of these missing values, as 

can be seen in Table 4.4, they are found to be significant. Therefore dummy coded 

variables are retained as one of the independent variables and the missing values 

are changed with the mean of the whole students (19.96). 

Table 4.4 Independent Samples Test for PreSPST 

  

Levene's 

Test for 

Equality of 

Variances 

t-test for Equality of Means 

  

 

95% Confidence 

Interval of the 

Difference 

  

F Sig. t df 

Sig. (2-

tailed) 

Mean 

Differ. 

Std. 

Error 

Differ. Lower Upper 

PreSPST Equal variances 

assumed 

2.309 .135 3.443 53 .001 11.0136 3.1985 4.5981 17.4291 

Equal variances 

not assumed 
  

2.606 5.620 .043 11.0136 4.2263 .5003 21.5269 

 

Since there is only one student who did not participate the pretest of DDSCT (1.8 

%) as Table 4.5 indicated, missing value is changed with the mean of the whole 

students (100.76). 
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Table 4.5 Missing Value in PreDDSCT and PstDDSCT 

  PreDDSCT PstDDSCT 

N Valid 54 55 

Missing 1 0 

 Percentage of missing 

data   

1.8 0 

Mean 100.76 155.13 

 

 

4.2 Descriptive Statistics 

 

Descriptive statistics of the independent and dependent variables of this study were 

calculated and some of these statistics are presented in Table 4.6. 

 

Table 4.6 Descriptive Statistics for Independent and Dependent Variables 
 N Mean SD Skewness Kurtosis Min Max 

PreUAT        

Guided Inq. 38 5.68 2.07 0.76 1.67 2 12 

Traditional 17 4.72 2.31 0.54 -0.03 2 10 

Total 55 5.39 2.18 0.56 0.85 2 12 

PreSPST        

Guided Inq. 38 20.39 5.55 0.37 -0.19 11 33 

Traditional 17 18.99 5.99 0.16 -0.61 8 30 

Total 55 19.96 5.67 0.26 -0.35 8 33 

PreDDSCT        

Guided Inq. 38 98.44 30.88 0.32 -0.35 40 167 

Traditional 17 105.94 34.87 0.43 0.42 46 179 

Total 55 100.76 32.03 0.38 -0.11 40 179 

PstUAT        

Guided Inq. 38 16.11 2.07 -0.54 0.90 9 20 

Traditional 17 14.24 2.88 -0.78 1.32 7 19 

Total 55 15.53 2.67 -0.70 1.11 7 20 

PstSPST        

Guided Inq. 38 22.37 6.34 0.17 -0.54 10 35 

Traditional 17 20.12 6.04 -0.01 -1.10 11 30 

Total 55 21.67 6.28 0.14 -0.61 10 35 

PstDDSCT        

Guided Inq. 38 166.42 40.51 -0.22 -1.00 84 228 

Traditional 17 129.88 43.79 -0.28 -1.01 50 187 

Total 55 155.13 44.53 -0.29 -0.65 50 228 
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Average gain scores of students in the guided inquiry and traditional instruction 

groups were calculated for each dependent variable, content achievement, science 

process skills, and differentiation in their conceptual structures. These gain scores 

are presented in Table 4.7. According to Table 4.7, guided inquiry group 

outperformed the traditional group in all of the dependent variables; however, 

especially in science process skills average gain scores of the treatment groups from 

pretests to posttests are very small. 

 

Table 4.7 Average Gain Scores in Dependent Variables with respect to Group 

Membership 
Test Group 

Membership 

Mean  

Pretest 

Mean 

Posttest 

Average Gain Score  

(Posttest-Pretest 

Scores) 

Achievement Guided Inquiry 5.68 16.11 10.43 

Traditional 4.72 14.24 9.69 

Science Process 

Skill 

Guided Inquiry 20.39 22.37 1.98 

Traditional 18.99 20.12 1.13 

Conceptual 

Differences 

Guided Inquiry 98.44 166.42 67.98 

Traditional 105.94 129.88 23.94 

 

 

 

4.3 Inferential Statistics 

 

4.3.1 Assumptions for UAT 

1. Independence of observations 

Students were tested independently for each treatment group during pretesting and 

posttesting procedures. Guided inquiry and traditional group students were not 

allowed to see each other before, during, and after the testing procedures. 

2. Normality 

Since the skewness and Kurtosis values of UAT Pretest and Posttest scores of 

students remain between the values -2 and +2, normality assumption is said to be 

met. 
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3. Equality of Variances 

According to Table 4.8, since the results did not give statistically significant results, 

it can be said that the equality of variances assumption was met.  

 

Table 4.8 Levene's Test of Equality of Error Variances
a
 

 F df1 df2 Sig. 

PreUAT 1.069 1 53 0.306 

PstUAT 0.284 1 53 0.596 

 

 

4. Homogeneity of Intercorrelations 

According to Table 4.9, covariance matrices of the dependent variables were equal 

across groups, therefore the assumption of homogeneity of intercorrelations was 

satisfied. 

Table 4.9 Box's Test of Equality of Covariance Matrices for UAT 

Box's M 0.875 

F 0.277 

df1 3 

df2 20033.159 

Sig. 0.842 

 

5. Sphericity 

The sphericity assumption do not apply when there are only two levels of the 

within-subjects factor (i.e. pretest-posttest only) (Newsom, 2005) (Retrieved from 

web http://www.er.uquam.ca/nobel/r16424/PSY7102/Document5.pdf on 

01.02.2012) 

 

4.3.2 Inferential Statistics for UAT 

 

There are three null hypotheses of this study stated in Chapter 1. The null 

hypothesis related to the unit achievement test scores is as following: 

http://www.er.uquam.ca/nobel/r16424/PSY7102/Document5.pdf%20on%2001.02.2012
http://www.er.uquam.ca/nobel/r16424/PSY7102/Document5.pdf%20on%2001.02.2012
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‘There is no statistically significant difference between guided inquiry experiments 

and traditional experiments on the population means of the 8th grade students’ 

‘Force and Motion’ unit achievement test (UAT) scores.’ 

 

This hypothesis is tested using a two way (2x2) mixed design repeated measures 

ANOVA. Table 4.10 shows the result of the analysis. 

  

Table 4.10 Mixed design repeated ANOVA results for the students’ scores on UAT 
Source Type III 

Sum of 

squares 

df Mean 

square 

F sig. Partial 

eta 

square 

Noncent. 

paramet. 

Observed 

power 

B
et

w
ee

n
 

su
b

je
ct

s 

Intercept 4876.458 1 4876.458 1215.011 .00 0.958 
1215.01

1 
1.000 

Group 23.415 1 23.415 5.834 .019 0.099 5.834 0.660 

Error 212.716 53 4.014      

W
it

h
in

 

su
b

je
ct

s 

UAT 2332.504 1 2332.504 735.190 .00 0.933 735.190 1.000 

UAT* 

group 
4.928 1 4.928 1.553 .218 0.028 1.553 0.232 

Error 168.151 53 3.173      

 

 
                                     PreUAT                                  PstUAT                                
Figure 4.1 Graph of Interaction between Treatment Groups and UAT 

Administration  
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The between group test indicates that the group membership variable is significant, 

so it can be concluded that the main effect of the instructional methods on students’ 

achievement on force and motion unit is statistically significant, F(1,53)= 5,834 

MSE=4,014, p<0.05.  

 

The within subject test indicate that there is a significant main effect of time (from 

PreUAT to PstUAT) on the students’ unit achievement. In fact, both guided inquiry 

and traditional instruction groups change over time, getting higher UAT scores; 

F(1,53)= 735,190 MSE=3,173, p<0.05. 

 

The interaction between time and groups is not significant. It means that both 

groups have changed over time but in the same manner; F(1,53)= 1,553 

MSE=3,173, p>0.05.  

Thus, the null hypothesis failed to be rejected. The students getting guided inquiry 

instruction did not outperform the traditional group on UAT scores. 

 

 

4.3.3 Assumptions for SPST 

 

1. Independence of observations 

Students were tested independently for each treatment group during pretesting and 

posttesting procedures. Guided inquiry and traditional group students were not 

allowed to see each other before, during, and after the testing procedures. 

2. Normality 

Since the skewness and Kurtosis values of SPST Pretest and Posttest scores of 

students remain between the values -2 and +2, normality assumption is said to be 

met. 

3. Equality of Variances 

According to Table 4.11 since the results did not give statistically significant 

results, it can be said that the equality of variances assumption was met.  
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Table 4.11 Levene's Test of Equality of Error Variances
a
 

 F df1 df2 Sig. 

PreSPST 0.436 1 53 0.512 

PstSPST 0.006 1 53 0.938 

 

4. Homogeneity of Intercorrelations 

According to Table 4.12 covariance matrices of the dependent variables were equal 

across groups, therefore the assumption of homogeneity of intercorrelations was 

satisfied. 

 

Table 4.12 Box's Test of Equality of Covariance Matrices for SPST 

Box's M 3.539 

F 1.119 

df1 3 

df2 20033.159 

Sig. 0.340 

 

5. Sphericity 

The sphericity assumption do not apply when there are only two levels of the 

within-subjects factor (i.e. pretest-posttest only) (Newsom, 2005) (Retrieved from 

web http://www.er.uquam.ca/nobel/r16424/PSY7102/Document5.pdf on 

01.02.2012) 

 

4.3.4 Inferential Statistics for SPST 

 

The null hypothesis related to the science process skills test scores is as follows: 

‘There is no statistically significant difference between guided inquiry experiments 

and traditional experiments on the population means of the 8
th

 grade students’ 

Science Process Skills Test (SPST) scores.’ 

 

This hypothesis is tested using a two way (2x2) mixed design repeated measures 

ANOVA. Table 4.13 shows the result of the analysis. 
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Table 4.13 Mixed design repeated ANOVA results for the students’ scores on SPST 
Source Type III 

Sum of 

squares 

df Mean 

square 

F sig. Partial 

eta 

square 

Noncent. 

paramet. 

Observed 

power 

B
et

w
ee

n
 s

u
b
je

ct
s 

Interce

pt 

19683.595 1 19683.595 620.733 .00 0.921 620.733 1.000 

Group 
38.984 1 38.984 1.229 .273 0.023 1.229 0.193 

Error 
1680.643 53 31.710      

W
it

h
in

 s
u
b
je

ct
s SPST 

56.360 1 56.360 7.071 .010 0.118 7.071 0.742 

SPST* 
group 

4.322 1 4.322 0.542 .465 0.010 0.542 0.112 

Error 
422.452 

5

3 
7.971 

     

Computing using alpha = .05 

 

                                            PreSPST                                PstSPST 

Figure 4.2 Graph of Interaction between Treatment Groups and SPST 

Administration 

 

The between group test indicates that the group membership variable is not 

significant, so it can be concluded that the main effect of the instructional methods 
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on students’ science process skills is not statistically significant, F(1,53)= 1.229 

MSE=31.710, p>0.05.  

 

The within subject test indicate that there is a significant main effect of time (from 

PreSPST to PstSPST) on the students’ science process skills. In fact, both guided 

inquiry and traditional instruction groups change over time, getting higher SPST 

scores; F(1,53)= 7.071 MSE=7.971, p<0.05. 

 

The interaction between time and groups is not significant. It means that both 

groups have changed over time but in the same manner; F(1,53)= 0.542, 

MSE=7.971, p>0.05. Thus, the null hypothesis failed to be rejected. The students 

getting guided inquiry instruction did not outperformed the traditional group on 

SPST scores. 

 

 

4.3.5 Assumptions for DDSCT 

 

1. Independence of observations 

Students were tested independently for each treatment group during pretesting and 

posttesting procedures. Guided inquiry and traditional group students were not 

allowed to see each other before, during, and after the testing procedures. 

2. Normality 

Since the skewness and Kurtosis values of DDSCT Pretest and Posttest scores of 

students remain between the values -2 and +2, normality assumption is said to be 

met. 

3. Equality of Variances 

According to Table 4.14 since the results did not give statistically significant 

results, it can be said that the equality of variances assumption was met.  
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Table 4.14 Levene's Test of Equality of Error Variances for DDSCT 

 F df1 df2 Sig. 

PreDDSCT 0.022 1 53 0.883 

PstDDSCT 0.053 1 53 0.819 

 

4. Homogeneity of Intercorrelations 

According to Table 4.15 covariance matrices of the dependent variables were equal 

across groups, therefore the assumption of homogeneity of intercorrelations was 

satisfied. 

Table 4.15 Box's Test of Equality of Covariance Matrices for DDSCT 

Box's M 0.620 

F 0.196 

df1 3 

df2 20033.159 

Sig. 0.899 

 

5. Sphericity 

The sphericity assumption do not apply when there are only two levels of the 

within-subjects factor (i.e. pretest-posttest only) (Newsom, 2005) (Retrieved from 

web http://www.er.uquam.ca/nobel/r16424/PSY7102/Document5.pdf on 

01.02.2012) 

 

4.3.6 Inferential Statistics for DDSCT 

 

The null hypothesis related to the two-tiered determining differentiation in 

conceptual structure is as follows: 

 

‘There is no statistically significant difference between guided inquiry experiments 

and traditional experiments on the population means of the 8th grade students’ 

Two-Tiered Determining Differentiation in Conceptual Structure Test (DDSCT) 

scores.’ 
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This hypothesis is tested using a two way (2x2) mixed design repeated measures 

ANOVA. Table 4.16 shows the result of the analysis.  

 

Table 4.16 Mixed design repeated ANOVA results for the students’ scores on 

DDSCT 
Source Type III 

Sum of 

squares 

df Mean square F sig. Partial 

eta 

square 

Noncent. 

paramet. 

Observed 

power 

B
et

w
ee

n
 s

u
b
je

ct
s Intercept 736105.562 1 736105.562 646.558 .00 0.924 646.558 1.00 

Group 2476.056 1 2476.056 2.175 .146 0.039 2.175 0.305 

Error 60340.401 53 1138.498      

W
it

h
in

 s
u

b
je

ct
s DDSCT 49621.625 1 49621.625 103.356 .00 0.661 103.356 1.00 

DDSCT

* group 
11389.673 1 11389.673 23.723 .00 0.309 23.723 0.998 

Error 25445.392 53 480.102      

 

 

                                       PreDDSCT                         PstDDSCT 

Figure 4.3 Graph of Interaction between Treatment Groups and DDSCT 

Administration  
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The between group test indicates that the group membership variable is not 

significant, so it can be concluded that the main effect of the instructional methods 

on students’ conceptual differentiation is not statistically significant, F(1,53)=2.175 

MSE=1138.498, p>0.05.  

 

The within subject test indicate that there is a significant main effect of time (from 

PreDDSCT to PstDDSCT) on the students’ conceptual differentiation. In fact, both 

guided inquiry and traditional instruction groups change over time, getting higher 

DDSCT scores; F(1,53)= 103.356 MSE=480.102, p<0.05. 

 

The interaction between time and groups is significant. It means that both groups 

have changed over time but not in the same manner; F(1,53)= 23.723 

MSE=480.102, p<0.05. Thus, the null hypothesis is rejected. The students getting 

guided inquiry instruction outperformed the traditional group on DDSCT scores. 

 

4.4 Summary of Findings 

 

 Guided inquiry group performed better in terms of the gains scores on PstUAT, 

PstSPST, and PstDDSCT. 

 Although both groups increased their PstUAT mean score within themselves, 

when they are compared, guided inquiry group did not outperform the 

traditional instructions group on PstUAT mean scores. 

 Although both groups increased their PstSPST mean scores within themselves, 

when they are compared guided inquiry method could not obtained a 

statistically significant difference from the traditional method in terms of 

PstSPST mean scores. 

 Although both groups increased their PstDDSCT mean scores within 

themselves, when they are compared guided inquiry method obtained a 

statistically significant difference from the traditional method in terms of 

PstDDSCT mean scores. 
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CHAPTER 5 

 

 

 

DISCUSSION 

 

 

 

 

In this chapter the study is summarized and then, internal and external validity of 

the study, conclusions of the study, discussion of the results, implications of the 

study and recommendation for further research are presented respectively.  

 

5.1 Summary of the Study 

 

The present study aimed to investigate the effectiveness of guided inquiry 

experiments over traditionally designed experiments on the acquisition of science 

process skills, content knowledge achievement and differentiating conceptual 

structure of 8th grade students about floating, sinking, buoyancy and pressure 

subjects. This study was conducted at the first semester of 2011-2012 academic 

year in Bahçelievler district in Istanbul with a sample of 55 students at a private 

elementary school. A quasi-experimental design was used. Two classes, 38 students 

were assigned as experimental groups and one class, 17 students were assigned as 

control group. Guided inquiry experiments were developed and implemented in the 

experimental group, while traditional verification type experiments were developed 

and implemented in the control group. Unit achievement test (UAT), science 

process skills test (SPST) and two tiered test for determining differentiation in 

conceptual structure (DDSCT) were used as data collection instruments. All of 

these instruments were administered to the students as pre-test and post-test. The 

data was analyzed by using repeated ANOVA statistical analysis. 
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5.2 Internal Validity 

 

Subject characteristics, mortality, location, instrumentation, testing, maturation, 

attitude of subjects, regression and implementer are some possible threats for 

internal validity of a study. This is a quasi-experimental study. Thus, some internal 

threats as subject characteristics, instrument decay, data collector bias, testing, and 

regression may occur. It is possible to control threats like subject characteristics, 

instrument decay, testing and regression by matching only the pre-test and post-test 

control group design (Fraenkel & Wallen, 1996, p.285) 

 

Data collector bias cannot be a threat for this study, because all of the groups took 

the pre-test and post-tests at the same time and the researcher did observations 

during the period of testing. The data collectors were not the teachers implementing 

the treatments. 

 

The two of instruments used in the study, unit achievement test and science process 

skills test, were multiple-choice test. The researcher scored the instruments by 

using the answer key. The Two Tiered Determining Differentiation in Conceptual 

Structure Test was scored according to the scoring table given at the instrument part 

and another teacher repeated the scoring by selecting 5 of assessed tests randomly. 

There was not any difference in the results. 

 

The mortality or loss of subjects was not a threat for this study. The t-test was 

performed to determine the significance of the missing values. Dummy coded 

variables were retained as one of the independent variables and the missing values 

were changed with the mean of the whole students. 

 

Location cannot be an internal threat for this study, because the physical conditions 

were similar for experimental and control group during the implementation and 

data collection. The pre and post-tests were implemented in the classrooms, which 

were similar to each others.  



 53 

 

Attitude of subjects were not an internal threat for this study, because both control 

and experimental groups performed the same experiments. They both got the 

experiments as a booklet. The only difference was the instruction method, guided 

inquiry or traditional verification type instruction. 

 

There were two implementers in the study. Treatments were implemented by the 

original teachers of the intact groups. The teacher of the control group was the same 

with one of the experimental groups. Moreover the steps of implementation are 

written in details in the lesson plans by the researcher. Moreover, both teachers 

observed other classes twice a week randomly. Therefore, there was not an 

implementer threat in this study. 

 

5.3 External Validity 

 

The sample represents approximately ten percent of the accessible population. 

Therefore, the results can be generalized for eighth grade students. Moreover, both 

the control and experimental groups were instructed with the same science and 

technology curriculum and used the same sources. All the students got the same 

multiple choice tests, worksheets and performed the same experiments with 

different instructional methods. The experiments were implemented in laboratory 

within small groups and lectures are done in the classroom. The instruments used in 

the laboratory were basic instruments such as dynamometer, scale and daily life 

materials like water, salt and plastic bottles. Thus the experiments can be 

implemented both in private and public schools. All of these are the evidences for 

external validity. 
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5.4 Conclusions 

 

The hypotheses were tested with two-way mixed design repeated measures 

ANOVA and tested at the .05 level of significance. 

 

 

The first hypothesis is as the following: 

There is no statistically significant difference between guided inquiry experiments 

and traditional experiments on the population means of the 8th grade students’ 

“Force and Motion” unit achievement test (UAT) scores. 

 

The interaction between time and groups was not significant. It means that both 

groups have changed over time but in the same manner; F(1,53)= 1,553 

MSE=3,173, p>0.05. Thus, the null hypothesis failed to be rejected. The students 

getting guided inquiry instruction did not outperform the traditional group on UAT 

scores.  

 

The second hypothesis is as the following: 

 There is no statistically significant difference between guided inquiry experiments 

and traditional experiments on the population means of the 8th grade students’ 

science process skills test (SPST) scores. 

 

Although both groups increased their PstSPST mean scores within themselves, 

when they are compared guided inquiry method could not obtained a statistically 

significant difference from the traditional method in terms of PstSPST mean scores. 

The between group test indicates that there the group membership variable is not 

significant, so it can be concluded that the main effect of the instructional methods 

on students’ science process skills is not statistically significant, F(1,53)=1.31 

MSE=63.11, p>0.05. 
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The third hypothesis is as the following: 

There is no statistically significant difference between guided inquiry experiments 

and traditional experiments on the population means of the 8th grade students’ Two 

Tiered Determining Differentiation in Conceptual Structure Test (DDSCT) scores. 

 

Each group has significantly increased their students’ conceptual differentiation 

about the topic during the implementation. The guided inquiry and traditional 

instruction groups did not have a statistically significant difference in terms of 

conceptual differentiation before the implementation as inferred from the 

PreDDSCT scores. After the implementation of treatments a statistically significant 

difference was found between their PstDDSCT scores. There was a significant 

difference in favor of posttest for the guided inquiry instruction group (p<0.05). 

 

5.5 Discussion of the Results 

 

The aim of this study was to investigate the effectiveness of guided inquiry 

experiments over traditionally designed experiments on the acquisition of science 

process skills, content knowledge achievement and differentiating conceptual 

structure of 8
th
 grade students about floating, sinking, buoyancy and pressure. 

 

Most of the previous research studies focused on the effect of inquiry teaching 

method on students’ achievement and found that the students in experimental group 

outperformed to students in control group in terms of achievement scores 

(Akpullukçu, 2011;  Blanchard et al, 2010; Köksal, 2006; Kula, 2009; McDermott 

et al, 2000; Tatar, 2006; Scherr, 2003).  

 

Different from the previous research studies, according to the results in the present 

study, there was no statistically significant difference between guided inquiry 

experiments and traditional experiments on the population means of the 8th grade 

students’ “Force and Motion” unit achievement test (UAT) scores. There should be 

several reasons. One of them was the implementation in the traditional group. In the 

present study, both the experimental group and control group got an experiment-
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based instruction and this was a factor for increasing the achievement scores in both 

groups. The results were analogous with Telli, Yıldırım and Şensoy (2004), who 

investigated the effect of experiment based instruction to lecture method on the 

achievement of 7
th
 grade students about simple machines and there was a 

significant difference in favor of experimental group. The results were similar with 

Glasson (1989), who compared the relative effects of hands-on and teacher 

demonstration laboratory methods on problem-solving achievement. Furthermore, 

the results of the present study are similar to Köksal (2008) and Serin (2009) who 

stated that treatment did not cause a significant difference in a physics unit, force 

and motion. In line with these results, this study could not find a significant 

difference in the physics unit force and motion.  

Most of the previous studies implementing inquiry instruction or guided inquiry 

instruction, have found significant difference in favor of experimental groups in 

terms of science process skills (Anagün, 2009; Başdaş, 2007; Bayrak, 2007; 

Köksal, 2008; Güngör Seyhan, 2008; Tatar, 2006).  

In contradistinction to the most of previous research studies, the results in the 

present study showed that the interaction between time and groups was not 

significant. Thus, the null hypothesis failed to be rejected. The students getting 

guided inquiry instruction did not outperform the traditional group on SPST scores. 

There should be several reasons, such as longer period of implementation, the 

implementation in traditional group and reading understanding skills.  

The studies found significant difference in favor of experimental group in terms of 

science process skills implemented the instruction for a longer time. Anagün 

&Yaşar (2009) implemented the inquiry instruction for 50 hours, Köksal (2008), 

during two long unit times, 7 weeks, Aydoğdu (2009) for 8 weeks. However, in the 

present study, the guided inquiry instruction focused on the subjects floating, 

sinking, buoyancy and pressure and it was implemented for 5 weeks. The results of 

the present study were also similar with Kula (2009), who focused on the floating, 

sinking and buoyancy subjects and Serin (2009) who focused on the pressure 

subjects. Both of these studies implemented the instruction for a shorter time. They 
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investigated the effect of constructivist approach based instruction on science 

process skills and did not find any significant difference. The longer period of 

instruction should have positive effect on the acquisition of students’ science 

process skills.   

On the other hand, traditional instruction implemented by researchers in the control 

group differs. In some of the studies traditional instruction means lecture without 

any experiments or demonstrations performed by the teacher (Aydoğu, 2009; 

Köksal, 2008), while in others at least one experiment per subject content (Serin, 

2009). The traditional group students in the present study performed all of the 

experiments in the experimental group, but as verification type instruction. The 

experimental group had two out of thirteen experiments focusing on the integrated 

science process skills. Thus, both traditional and guided inquiry experiments 

developed students’ science process skills especially the basic ones. As a result, 

there was an increase in the SPST scores, but there was not any statistically 

significant difference between traditional and experimental group SPST scores in 

the present study. 

With the recent science and technology program the items students meet in 

textbooks, lab manuals, achievement tests are all illustrated and have short 

sentences.  The SPST implemented in the present study, consisted of longer 

sentences without any illustration. Berberoğlu, Kaptan and Kutlu (2002) stated that 

there was a relation between Turkish reading understanding skills and science 

achievement. In order to explain the results stated statistically and according to 

observation checklist, the students’ Turkish reading and understanding skills should 

be investigated and compared to the results given in this study.  

There are also studies which have results similar to the present study. The results of 

the present study are similar with Germann (1989), who investigated the effect of 

directed inquiry approach on learning of science process skills and cognitive 

development of high school biology classes and stated no significant effect on the 

learning of science process skills. The guided inquiry instruction implemented in 

the present study is similar to learning cycle model and the results in the present 
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study are analogous with Gormann (2001), who investigated the effect of teacher 

directed instruction versus learning cycle model for promoting mastery of science 

process skills and found that these teaching methods were equivalent in developing 

science process skills.  

The third null hypothesis of the study was as the following:  

There is no statistically significant difference between guided inquiry experiments 

and traditional experiments on the population means of the 8th grade students’ Two 

Tiered Determining Differentiation in Conceptual Structure Test (DDSCT) scores. 

The interaction between time and groups was significant. Thus, the null hypothesis 

was rejected. The students getting guided inquiry instruction outperformed the 

traditional group on DDSCT scores.  

These results are similar with Yahşi (2006) who found that experiments including 

pre-lab and post-lab discussions are effective in overcoming alternative concepts. 

The students in the experimental group implemented the experiments by discussing 

their previous concepts, by relating them with daily examples and by trying to find 

reasonable connections. This process created them opportunities to discuss their 

concepts and convinced each other. The results are also parallel to previous studies 

investigating the effect constructivist based instruction on conceptual differentiation 

(Karadağ, 2002; Kula, 2009; Şahin, 2010).  

 

The students’ conceptual understanding cannot be realized with true- false or 

multiple-choice items, because the reasoning of students is not written (Tomita, 

2008). The open ended questions (Kula, 2009), interviews (Timur & Kıncal, 2010) 

and two or three tiered questions (Şahin, 2010) are meaningful in order to see the 

reasoning of students and planning the instruction in that way.  

 

5.6 Implications 

 

In order to get students in the instruction process, guided inquiry method can be 

suggested, because students plan their investigation by discussing previous 
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concepts in details. These discussions and the opportunity to test their questions 

develop concept structure effectively than teacher-centered methods. 

 

Moreover guided inquiry experiment manuals guide pre-lab discussions with daily 

life related questions and students need to learn something new. Also with the 

discussions at the end of the experiments students generalize the information.  

 

The guided inquiry experiments can be performed with familiar materials easier 

than complex lab equipment. For this reason they can be implemented in both 

private and public school classes.  

 

By reading the case studies or watching the videotapes about the implications of 

guided inquiry instruction teachers can develop further skills to teach through 

inquiry (NRC, 2000). 

 

5.7 Recommendations for Future Research 

 

This study should be replicated by other researchers in public schools, with other 

grade students such as 11th grade students who are taught the same subject in 

details.  

The study can be replicated for a longer period in order to see the acquisition of 

science process skills.  

The lab manuals can be revised by addressing the integrated and basic science 

process skills separately. The quantity of experiments, which are focusing on the 

integrated science process skills, can be increased. 

Teaching science effectively requires a variety of approaches and strategies. 

Teaching all of science using only one method would be ineffective, and it would 

probably become boring for student (NRC, 2000). Then, the guided inquiry method 

can be supported with animations and demonstrations.
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APPENDIX A 

 

 

 

FUNDAMENTAL ABILITIES NECESSARY TO DO SCIENTIFIC INQUIRY 

 

 

 

Fundamental Abilities Necessary to Do Scientific Inquiry  Grades K-4 

_ Ask a question about objects, organisms, and events in the environment. 

_ Plan and conduct a simple investigation. 

_ Employ simple equipment and tools to gather data and extend the senses. 

_ Use data to construct a reasonable explanation. 

_ Communicate investigations and explanations. 

 

Fundamental Abilities Necessary to Do Scientific Inquiry  Grades 5-8 

_ Identify questions that can be answered through scientific investigations. 

_ Design and conduct a scientific investigation. 

_ Use appropriate tools and techniques to gather, analyze, and interpret data. 

_ Develop descriptions, explanations, predictions, and models using evidence. 

_ Think critically and logically to make the relationships between evidence and 

explanations. 

_ Recognize and analyze alternative explanations and predictions. 

_ Communicate scientific procedures and explanations. 

_ Use mathematics in all aspects of scientific inquiry. 

 

Fundamental Abilities Necessary to Do Scientific Inquiry  Grades 9-12 

_ Identify questions and concepts that guide scientific investigations. 

_ Design and conduct scientific investigations. 

_ Use technology and mathematics to improve investigations and communications. 

_ Formulate and revise scientific explanations and models using logic and evidence. 

_ Recognize and analyze alternative explanations and models. 
_ Communicate and defend a scientific argument. 

NRC (2000) 

 

 



 72 

 

APPENDIX B 

 

 

FIRST VERSION OF THE OBJECTIVES 

 

 

 

1. Sıvıların ve gazların kaldırma kuvveti ile ilgili olarak öğrenciler; 

1.1.Bir cismin havadaki ve sıvı içindeki ağırlığını dinamometre ile ölçer ve ölçümlerini kaydeder  

1.2.Cismin havadaki ve sıvı içindeki ağırlıklarını karşılaştırır  

1.3.Cismin sıvı içindeki ağırlığının daha az göründüğü sonucunu çıkarır  
1.4.Sıvı içindeki cisme, sıvı tarafından yukarı yönde bir kuvvet uygulandığını fark eder ve bu 

kuvveti kaldırma kuvveti olarak tanımlar  

1.5.Kaldırma kuvvetinin, cisme aşağı yönde etki eden kuvvetin etkisini azalttığı sonucuna varır  

1.6.Bir cisme etki eden kaldırma kuvvetinin büyüklüğünün, cismin batan kısmının hacmi ile 

ilişkisini araştırır. 

1.7.Bir cisme etki eden kaldırma kuvvetinin büyüklüğünün, cismin daldırıldığı sıvının yoğunluğu ile 

ilişkisini araştırır. 

1.8.Farklı yoğunluğa sahip sıvıların cisimlere uyguladığı kaldırma kuvvetini karşılaştırır ve 

sonuçları yorumlar  

1.9.Gazların da cisimlere bir kaldırma kuvveti uyguladığını keşfeder. 

1.10.Sıvıların ve gazların kaldırma kuvvetinin teknolojideki kullanımına örnekler verir ve bunların 

günlük hayattaki önemini belirtir. 

2. Sıvı içinde yüzen ve batan cisimler ile ilgili olarak öğrenciler; 

2.1.Cisimlerin kütlesini ve hacmini ölçerek yoğunluklarını hesaplar. 

2.2.Bir cismin yoğunluğu ile daldırıldığı sıvının yoğunluğunu karşılaştırarak yüzme ve batma 
olayları için bir genelleme yapar. 

2.3.Denge durumunda, yüzen bir cisme etki eden kaldırma kuvvetinin cismin ağırlığına eşit 

olduğunu fark eder  

2.4.Batan bir cisme etki eden kaldırma kuvvetinin, cismin ağırlığından daha küçük olduğunu fark 

eder  

2.5.Bir cisme etki eden kaldırma kuvvetinin, cismin yer değiştirdiği sıvının ağırlığına eşit 

büyüklükte ve yukarı yönde olduğunu keşfeder  

3. Basınç ile ilgili olarak öğrenciler; 

3.1.Birim yüzeye etki eden dik kuvveti, basınç olarak ifade eder. 

3.2.Basınç, kuvvet ve yüzey alanı arasındaki ilişkiyi örneklerle açıklar. 

3.3.Basınca sebep olan kuvvetin çeşitli etkenlerden kaynaklanabileceğini fark eder. 

3.4.Sıvıların ve gazların, basıncı, her yönde aynı büyüklükte ilettiğini keşfeder 

3.5.Sıvıların ve gazların, basıncı iletme özelliklerinin teknolojideki kullanım alanlarını araştırır. 

3.6.Basıncın, günlük hayattaki önemini açıklar ve teknolojideki uygulamalarına örnekler verir  
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SECOND VERSION OF THE OBJECTIVES 

1. Sıvıların ve gazların kaldırma kuvveti ile ilgili olarak öğrenciler; 
1.1.Bir cismin havadaki ve sıvı içindeki ağırlığının farklı olduğunu açıklar.              

1.2.Cismin sıvı içindeki ağırlığının daha az görünmesini yorumlar.   
1.3.Sıvı içindeki cisme, sıvı tarafından yukarı yönde bir kuvvet uygulandığını fark eder ve 

bu kuvveti kaldırma kuvveti olarak tanımlar  

1.4.Kaldırma kuvvetinin etkisine örnek verir.   
1.5.Bir cisme etki eden kaldırma kuvvetinin büyüklüğünün, cismin batan kısmının hacmi 

ile ilişkisini açıklar. 

1.6.Bir cisme etki eden kaldırma kuvvetinin büyüklüğünün, cismin daldırıldığı sıvının 
yoğunluğu ile ilişkisini açıklar. 

1.7.Farklı yoğunluğa sahip sıvıların cisimlere uyguladığı kaldırma kuvvetinin nasıl 

değiştiğini açıklar.  

1.8.Gazların da cisimlere bir kaldırma kuvveti uyguladığını kavrar. 
1.9.Sıvıların ve gazların kaldırma kuvvetinin teknolojideki kullanımına örnekler verir ve 

bunların günlük hayattaki önemini belirtir. 

2. Sıvı içinde yüzen ve batan cisimler ile ilgili olarak öğrenciler; 

2.1.Cisimlerin kütlesini ve hacmini kullanarak yoğunluklarını hesaplar. 
2.2.Bir cismin yoğunluğu ile daldırıldığı sıvının yoğunluğunu karşılaştırarak yüzme ve 

batma olayları için genel yorumlar yapar.  

2.3.Denge durumunda, yüzen bir cisme etki eden kaldırma kuvvetinin cismin ağırlığına eşit 

olduğunu kavrar.  
2.4.Batan bir cisme etki eden kaldırma kuvvetinin, cismin ağırlığından daha küçük 

olduğunu kavrar. 

2.5.Bir cisme etki eden kaldırma kuvvetinin, cismin yer değiştirdiği sıvının ağırlığına eşit 
büyüklükte ve yukarı yönde olduğunu keşfeder.                                                               

2.6.Arşimet prensibini açıklar.  

3. Basınç ile ilgili olarak öğrenciler; 

3.1.Birim yüzeye etki eden dik kuvveti, basınç olarak tanımlar. 
3.2.Basınç, kuvvet ve yüzey alanı arasındaki ilişkiyi örneklerle açıklar. 

3.3.Basınca sebep olan kuvvetin çeşitli etkenlerden kaynaklanabileceğini örnek vererek 

açıklar.. 

3.4.Sıvıların ve gazların, basıncı nasıl ilettiğini açıklar.  
3.5.Sıvıların ve gazların, basıncı iletme özelliklerinin teknolojideki kullanım alanlarına 

örnekler verir. 

3.6.Basıncın, günlük hayattaki önemini açıklar ve teknolojideki uygulamalarına örnekler 

verir. 
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APPENDIX C 

 

 

TABLE OF TEST SPECIFICATION 

 

 

 

 

            Kazanım 

Düzeyi  

 

 

Konu                

H
at

ır
la

m
a 

A
n
la

m
a 

U
y
g
u
la

m
a 

A
n
al

iz
 e

tm
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D
eğ

er
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n
d
ir

m
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Y
ar

at
m

a 

(S
en

te
z)

 

T
o
p
la

m
 

Y
ü

zd
el

ik
 

I. Bazı cisimler neden 

yüzer? 
 

 

       

a)Özkütle     2(2.2,2.1)   1(2

) 
5(10) 

b)Cisimlerin sıvı 

içinde yüzme ve batma 

şartları 

  1(2.2) 12(2.2, 

1.5) 

  2(3

) 
10(14

) 

c)Cisimlerin sıvı 

içindeki denge durumu 

   3(2.2)   1(1

) 
5(5) 

d)Arşimet Prensibi  4(2.3, 

2.6) 

  10(2.2, 

2.4,2.5) 

 2(5

) 
10(24

) 

II. Kaldırma kuvveti         

a)Kaldırma kuvvetinin 

ölçülmesi 

 11(1.1,1.

2) 

    1(2

) 
5(10) 

b)Kaldırma kuvvetinin 
cismin batan kısmının 

hacmi ile ilişkisi 

  5(1.5)    1(1
) 

5(5) 

c)Kaldırma kuvvetinin 

sıvının yoğunluğu ile 

ilişkisi 

 6(1.6,1.7

) 

  7(1.3,1.

4, 

1.7) 

 2(5

) 
10(24

) 

d)Gazların kaldırma 

kuvveti 

8(1.8) 

 

9(1.9)     2(2

) 
10(10

) 

III. Basınç         

a)Basıncın tanımı 

 

15(3.2,

3.6) 

13(3.1, 

3.2) 

    2(4

) 
10(19

) 

b)Sıvı basıncının bağlı 

olduğu faktörler 

  16(3.4) 

19(3.4,

3.5) 

   2(3

) 
10(14

) 

c)Sıvı ve gazların 

basıncı iletmesi 

17(3.4)  18(3.5,

3.6) 

   2(3

) 
10(14

) 

d)Gaz basıncı 20(3.6) 14(3.3, 

3.4) 

    2(3

) 
10(14

) 

Toplam 4(5) 6(11) 5(6) 3(5) 2(6) 0 0 0 

Yüzdelik 20(24) 30(52) 25(29) 15(24) 10(29) 0 0 0 

Numbers in parantesis shows the number of objective. 

Numbers without  paranthesis shows the number of the related item in the UAT. 
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APPENDIX D 

 

 

ACHIEVEMENT TEST FEEDBACK FORM 

 

 

 

 

1. 8. sınıf Kuvvet ve Hareket Başarı Testindeki sorular Kuvvet ve Hareket 

ünitesindeki tüm alt konuları ve kavramları yansıtıyor mu? 

 

 

2. 8. sınıf Kuvvet ve Hareket Başarı Testindeki sorular Kuvvet ve Hareket 

ünitesindeki konulara dair yazılmış bütün kazanımları kapsıyor mu? 

 

 

3. 8. sınıf Kuvvet ve Hareket Başarı Testindeki soruların dili 8. sınıf 

öğrencileri için uygun seviyede mi? 

 

 

4. 8. sınıf Kuvvet ve Hareket Başarı Testinde okunamayan soru kökü, 

çeldirici, ya da anlaşılamayan şekil var mı? Test genel olarak okunabilir ve 

anlaşılır mı? 

 

 

5. Bu test 8. sınıf öğrencilerine yönelik olarak bir ders saati süresinde 

uygulanmak üzere tasarlanmıştır. Sizce süre öğrenciler için yeterli mi?  

 

 

6. Kuvvet ve Hareket Başarı Testi 8.sınıf seviyesindeki öğrencilere 

uygulanacaktır. Sizce test maddelerinin zorluk seviyesi öğrencilerin 

seviyesine uygun mu? 

 

 

7. 8. sınıf Kuvvet ve Hareket Başarı Testindeki sorular için cevap anahtarında 

belirtilen cevaplar doğru mu? 
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APPENDIX E 

 

 

 

ITEM ANALYSIS TABLE FOR FIRST PILOT OF UAT 
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APPENDIX F 

 

 

 

ITEM ANALYSIS TABLE FOR SECOND PILOT OF UAT 
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APPENDIX G 

 

 

FINAL VERSION OF UAT 
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APPENDIX H 

 

 

THE SCIENCE PROCESS SKILLS TEST 
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APPENDIX I 

 

 

TWO TIERED DETERMINING DIFFERENTIATION IN CONCEPTUAL 

STRUCTURE TEST 
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APPENDIX J 

 

 

TABLE OF SCIENCE PROCESS SKILLS OBJECTIVES FOR 6, 7, 8TH 

GRADES 

 

 

 

 

 
Beceriler  Beceriye Yönelik Kazanım 

Gözlem Nesneleri (cisim, varlık) ve olayları duyu organlarını veya gözlem 
araç gereçlerini kullanarak gözlemler. 

Bir cismin sekil, renk, büyüklük ve yüzey özellikleri gibi duyusal 

özelliklerini belirler. 

Gözlem için uygun ve gerekli araç, gereci seçip bunları beceriyle 

kullanır. 

Karşılaştırma- 

Sınıflama 

 

Nesneleri sınıflandırmada kullanılacak nitel ve nicel özellikleri 

belirler. 

Nesneler veya olaylar arasındaki belirgin benzerlikleri ve farklılıkları 

saptar. 

Gözlemlere dayanarak bir veya birden fazla özelliğe göre 

karşılaştırmalar yapar. 

Benzerlik ve farklılıklara göre grup ve alt-gruplara ayırma seklinde 
sınıflamalar yapar. 

Çıkarım Yapma Olmuş olayların sebepleri hakkında gözlemlere dayanarak açıklamalar 

yapar. 

Tahmin Gözlem, çıkarım veya deneylere dayanarak geleceğe yönelik olası 

sonuçlar hakkında fikir öne sürer. 

Kestirme Olay ve nesnelere yönelik kütle, uzunluk, zaman, sıcaklık ve adet gibi 

nicelikler için uygun birimleri de belirterek yaklaşık değerler hakkında 

fikirler öne sürer. 

Değişkenleri 

Belirleme 

 

Verilen bir olay veya ilişkide en belirgin bir veya birkaç değişkeni 

belirler. 

Verilen bir olaydaki bağımlı değişkeni belirler. 

Verilen bir olaydaki bağımsız değişkeni belirler. 

Verilen bir olaydaki kontrol edilen değişkenleri belirler. 

Hipotez Kurma Verilen bir olaydaki bağımsız değişkenin bağımlı değişken üzerindeki 

etkisini denenebilir bir önerme seklinde ifade eder. 

Deney Tasarlama Kurduğu hipotezi sınamaya yönelik bir deney önerir. 

Deney Malzemelerini, 

Araç ve Gereçlerini 

Tanıma ve Kullanma 
 

Basit araştırmalarda gerekli malzeme, araç ve gereçleri seçerek 

emniyetli ve etkin bir şekilde kullanır. 

 

Deney Düzeneği 

Kurma 

Verilen malzemeleri kullanarak kurduğu hipotezi sınamaya yönelik 

tasarladığı deneyi gerçekleştireceği bir düzenek kurar. 

Değişkenleri Kontrol 

Etme ve Değiştirme 

Hipotezle ilgili olan değişkenlerin dışındaki değişkenleri sabit tutar. 

Bağımsız değişkeni değiştirerek bağımlı değişken üzerindeki etkisini 

belirler. 
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İşlevsel Tanımlama Değişkenlerin birden fazla anlama gelebileceği, sınırları tam 

çizilmemiş durumlarda araştırmanın amacına (hipotez) uygun 
değişkenleri kesin olarak ve ölçme kriteri ile birlikte tanımlar. 

Ölçme Cetvel, termometre, tartı aleti ve zaman ölçer gibi ölçme araçlarını 

tanır. 

Büyüklükleri, uygun ölçme araçları kullanarak belirler. 

Büyüklükleri, birimleri ile ifade eder 

Bilgi ve Veri 

Toplama 

 

Değişik kaynaklardan yararlanarak bilgi (çevrede, sınıfta gözlem ve 

deney yaparak, fotoğraf, kitap, harita veya bilgi ve iletişim 

teknolojilerini kullanarak) toplar. 

Kurduğu hipotezi sınamaya yönelik nitel veya nicel veriler toplar. 

Verileri Kaydetme Gözlem ve ölçüm sonucunda elde edilen araştırmanın amacına uygun 

verileri yazılı ifade, resim, tablo ve çizim gibi çeşitli yöntemlerle 

kaydeder. 

Veri işleme ve 

Model Oluşturma 

 

Deney ve gözlemlerden elde edilen verileri derleyip isleyerek gözlem 

sıklığı dağılımı, çubuk grafik, tablo ve fiziksel modeller gibi farklı 

formlarda gösterir. 
Grafik çizmeyle ilgili kuralları uygular. 

Yorumlama ve Sonuç 

Çıkarma 

İşlenen verileri ve oluşturulan modeli yorumlar. 

Elde edilen bulgulardan desen ve ilişkilere ulaşır. 

Sunma Gözlem ve araştırmaları ve elde ettikleri sonuçları sözlü, yazılı 

ve/veya görsel malzeme kullanarak uygun şekillerde sunar ve paylaşır. 

 (TTKB, 2005) 
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APPENDIX K 

 

 

GUIDED INQUIRY LABORATORY EXPERIMENT MANUAL 
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APPENDIX L 

 

 

EXAMPLE OF GUIDED INQUIRY MANUALS BEFORE AND AFTER 

REVISION 

 

 

 

EXAMPLE OF GUIDED INQUIRY MANUALS BEFORE REVISION 
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EXAMPLE OF GUIDED INQUIRY MANUALS AFTER REVISION 

 



 143 

 



 144 

APPENDIX M 

 

 

ACTIVITY MATCHING SCIENCE PROCESS SKILLS RUBRIC 

 

 

 

 

Ölçütler Deney no Ortalama 
puan 1 2 3 4 5 6 7 8 9 10 11 12 13 

Gözlem 3 3 3 3 3 3 2 3 3 3 3 3 3 3 
Ölçme 3 3 3 1 1 2 3 3 3 1 1 3 1 2 

Sınıflama 2 2 2 2 3 2 1 3 1 3 2 3 1 2 

Çıkarsama 

ve yordama 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 

İletişim 2 2 2 2 3 3 2 3 3 3 2 3 3 2,5 

Hipotez 

kurma 

1 1 1 1 1 1 1 3 1 1 1 3 1 2 

Deney 

tasarlama ve 

yapma 

3 3 3 1 3 3 3 3 3 1 1 3 1 2,8 

Değişkenleri 

belirleme ve 
kontrol etme 

1 1 1 1 1 2 1 3 1 2 2 3 1 2.4 

Verileri 

yorumlama 

ve sonuç 

çıkarma 

3 3 3 3 3 3 3 3 3 3 3 3 3 3 

Model 

oluşturma 

1 1 1 1 1 1 1 1 3 1 1 3 1 1.8 

Ortalama 

puan 

2.4 2.4 2.4 2.3 2.3 2.5 2.2 2.8 2.4 2.3 2.2 3 2.2  

Toplam %               
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APPENDIX N 

 

 

TRADITIONAL LABORATORY EXPERIMENT MANUAL 

 

 

 

 

 



 146 

 



 147 

 



 148 

 



 149 

 



 150 

 



 151 

 



 152 

 



 153 

 



 154 

 



 155 

 



 156 

 



 157 

 



 158 

 



 159 

 



 160 

 



 161 

 



 162 

 



 163 

 

 


