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Chemistry is a discipline that is conceptually difficult to understand due to the number of

DOI: 10.14812/cufej.1029854 abstract concepts it contains. Therefore, understanding abstract concepts is one of the

most crucial steps in the process of learning chemistry. The present study aimed to
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Four Module Tests were used for data collection. In order to explore the effects of applied
methods and techniques on conceptual understanding, Module Tests were applied as
both pretest and posttest. The results of the study showed that applying cooperative
learning with the seven principles and cooperative learning with models has a greater
impact on the conceptual understanding of chemistry compared to other applications.
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isbirlikli Ogrenme ile Birlikte Uygulanan Animasyonlarin, Modellerin ve

Yedi ilke’nin Kimyanin Kavramsal Anlasiimasina Etkisi
Makale Bilgisi 0z

Kimya, icerdigi soyut kavramlar sebebiyle anlasilmasi zor bir disiplindir. Bu yiizden soyut
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yapilarin anlasilmasi kimyanin 6grenilmesinde oldukg¢a 6nemlidir. Bu sebeple bu arastirma,

Makale Gegmisi: isbirlikli 6grenmenin animasyonlar, modeller (oyun hamuru ve gubuk-top) ve yedi ilke
Gelis 29.11.2021 (lisans egitiminde niteligi arttirmak amaciyla ileri surilen iyi bir egitim igin yedi ilke) ile
Diizeltme  13.05.2022 uygulanmasinin kimyanin kavramsal anlasilmasina etkisini incelemektedir. Arastirma
Kabul 21.07.2022 esitlenmemis karsilastirma gruplu yari-deneysel desene gore yurutilmustir. Arastirmanin
Anahtar Kelimeler: drneklemini 91 fen bilgisi gretmenligi birinci sinif 6grencisi olusturmaktadir. Ogrenciler
isbirlikli Ogrenme, dort farkh deney grubuna ayrilmistir. Birinci grupta isbirlikli 6grenme, ikinci grupta isbirlikli
Animasyon, ogrenme ve yedi ilke, ligiincl grupta isbirlikli 6grenme ve animasyon, dérdiincl grupta ise
Model, ishirlikli 6grenme ve modellerle uygulamalar gergeklestirilmistir. Veriler dort Modul Test
Yediilke, ile toplanmistir. Modiil Testler, arastirmada uygulanan yontem ve tekniklerin kavramsal

anlamaya etkisini belirlemek amaciyla 6n test ve son test olarak uygulanmistir.
Arastirmadan elde edilen bulgulara gore isbirlikli 6grenmenin yedi ilke ve isbirlikli
6grenmenin modeller ile birlikte uygulanmasinin kimyanin kavramsal anlagiimasinda daha
etkili oldugu sonucuna erigilmistir.
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Introduction

The fact that chemistry contains a large number of abstract concepts causes students to develop
alternative concepts related to chemistry (Taber, 2019; Zheng & Campbell, 2018). In addition,
conceptual understanding of chemistry requires students to have an understanding at the microscopic-
macroscopic-symbolic level (Johnstone, 1982). These levels consist of three main categories as; i)
microscopic level; microscopic level particles (electrons, atoms, and molecules), ii) macroscopic level;
observable reality and iii) symbolic level; and the representation of chemistry-related concepts with
graphs, formulas and equations (Johnstone, 1982). A good understanding of chemistry can be achieved
by integrating these three dimensions (Allred & Bretz, 2019; Harrison & Treagust, 2000). Therefore, it is
of great importance for the students to visualize micro-level events at a macro level (Hoe &
Subramaniam, 2016).

Animations are one of the tools used to make microscopic events visible and explain them (Akaygun,
2016; Kelly & Jones, 2007). It has been demonstrated by many studies that visualizing events/situations
at the particle level with animations facilitates learning (Al-Balushi et al., 2017; Barak & Hussein-Farraj,
2013; Glinersel & Fleming, 2013). Moreover, animations facilitate the transfer of knowledge in students
(Barak & Hussein-Farraj, 2013), help students correct their misconceptions at the particle level (Yaseen
& Aubusson, 2020) and help them to develop correct mental models (Akaygun, 2016) and increases
their interest in the lesson (Gunersel & Fleming, 2014).

Models are another tool used for visualization of abstract concepts (Oliva et al., 2015; Samon & Levy,
2017). Many previous studies have shown that models help establish relationships between
macroscopic, microscopic and symbolic dimensions (Krell et al., 2015; Wang et al., 2014) and increase
conceptual understanding (Abd-El-Khalick, 2012; Adadan, 2014; Kimberlin & Yezierski, 2016).

It is stated in the literature that animations and models should be included in the teaching process
through a method to make students active (Yaseen, 2018). Animations and models can be used together
with cooperative learning, which is one of the effective active learning methods (Acar & Tarhan, 2007;
Karacop & Doymus, 2013).

In the cooperative learning method, students help each other in the process of learning a subject
given to them in small heterogeneous groups, take on the learning responsibilities of themselves and
their groupmates, and develop positive interdependence in the group (Abramczyk & Jurkowski, 2020;
Costouros, 2020). Jigsaw, Teams-Games-Tournaments, Student Teams Achievement Division and
Reading Writing Application (RWA) are among the cooperative learning techniques. The RWA method
consists of three stages: reading, writing and application. In the reading stage, students are provided
with texts and asked to read them. The main purpose of this stage is to increase the time students use
for reasoning. Providing students with texts appropriate for their level is very helpful in supporting their
reasoning and expressing the knowledge they have acquired (Schoonen et al., 2010; White & Gustone,
1989). In the writing stage, it is important for students to perform co-writing activities in terms of their
comprehension and their skills of being organized and expressing what they have learned. The main
purpose of the writing stage is to enable group members to write together what they have learned and
produce a group product. Students tend to find many interesting ideas while they present their personal
views in such activities (Eshietedoho, 2010; Hohenshell & Hand, 2006). The application stage is for
students to use the theoretical knowledge and to learn through a hands-on approach. Previous studies
showed that the RWA method is related to an increase in the conceptual understanding and academic
achievement of students (Firat, 2014; Okumus & Doymus, 2018; Oztiirk & Doymus, 2018).

Continued cooperation outside the classroom is another important component of cooperative
learning (Aghajani & Adloo, 2018). It is also possible to apply the method outside of the classroom, with
students cooperating outside of the classroom to do activities such as homework and projects (Yorganci,
2020). Integrating out-of-class activities and providing feedback to students when necessary may affect
learning in a positive manner and help students complete the tasks on time (Bicen & Taspolat, 2019).
The information and communication technologies, which have become widely used, offer various
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opportunities for achieving this. Recent developments in information and communication technologies
have made it possible to support lessons with tools and activities that are used out of the classroom
(Dere et al., 2016). Learning Management Systems (LMS) that is used within the scope of education and
training activities is a part of the said technology. As a learning environment, LMSs can enable students
to use their skills to cooperate, actively participate in the learning process, and establish an effective
communication with their peers and their teachers (Tadesse et al., 2020; Tanis, 2020). Another
advantage that LMSs offer is instant feedback to students (Tuapawa, 2017). In line with these
possibilities, it is necessary to find the best method that enables the teaching process to be carried out
effectively with both in-class and out-of-class activities. In this context, it is claimed that the "seven
principles for good practice" (Chickering & Gamson, 1987), which are created to increase the quality of
face-to-face undergraduate education (The Ohio Learning Network [NCAT], 2002), help teaching by
using both in-class and out-of-class environments (Junco et al., 2011).

The seven principles are as follows: ensuring student-faculty interaction, ensuring cooperation
between students, using active learning, providing immediate feedback, completing tasks on time,
meeting high-level but attainable expectations, and tolerating different learning styles. The first
principle emphasizes that an effective communication with students enhances their motivation
(Chickering & Gamson, 1999). Effective communication between students lead them to participate more
actively (Tanis, 2020). The second principle draws attention to the importance of establishing
cooperation among students. Working with others makes students more engaged and productive
(Johnson et al., 1990). The third principle states that active learning is a requirement for a good practice,
because it increases participation in the learning process (Sormunen et al., 2020). Since the feedback is a
guide for further learning, the fourth principle emphasizes that immediate feedback is a must in a good
educational environment (Brown et al., 2016). The fifth principle emphasizes the timely completion of
tasks. Time management, which is one of the important components of the learning processes, helps
achieving effective learning (Whittle et al., 2019). The sixth principle argues that a good educational
environment should encourage attainable expectations (Chickering & Gamson, 1999). The final and
seventh principle highlights the importance of being tolerant towards students with different learning
styles (Chickering & Gamson, 1999).

Most of the studies on the seven principles in the literature focused on the opinions of
undergraduate students, instructors and teachers regarding the seven principles (Bishoff, 2010; Caboni
et al., 2002; Tirrel, 2009). There are a limited number of applied studies on the seven principles in the
literature. For instance, the study conducted by Junco et al. (2011) on university students showed that
seven principles support cooperation among students, meeting high expectations, and good student-
faculty interaction. On the other hand, there are very few studies in the literature that aim to find the
direct effect of the seven principles on conceptual understanding. Among these studies, a study
conducted by Cavdar and Doymus (2018) and Okumus and Doymus (2018) with secondary school
students found that using the seven principles with cooperative learning increases conceptual
understanding and academic success. In another study conducted by Oztiirk and Doymus (2018), it was
concluded that the application of seven principles with cooperative learning and models for
undergraduate chemistry courses positively affects conceptual understanding. In the aforementioned
studies, it is stated that a better understanding of the abstract concepts is achieved when the seven
principles are included in the learning process through practices such as in-class modeling exercises and
visual presentations and out-of-class projects. However, the number of studies conducted on "the seven
principles" and practices that are suggested to "increase the quality in undergraduate education" are
limited. Therefore, it can be said that there is a need for further research to discover the true effect of
the seven principles on learning.

In the light of all this knowledge, the present study aims to address the following question: What is
the effect of applying cooperative learning with animations, models and the seven principles on
learning?
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Study Design

A quasi-experimental design with non-equivalent pretest-posttest comparison groups (McMillan &
Schumacher, 2010) was used in the present study, to test the cause and effect relationship between the
independent variable and the dependent variables.

Sampling

The study was conducted with 91 (69 female, 22 male) freshmen students in the science teaching
program at a state university in Turkey in the spring semester of the 2016-2017 academic year.
Convenience sampling, a non-random sampling method, was used to create the sample. In this method,
the sample is selected from easily accessible and applicable units due to limitations due to factors such
as time, money and labor (Buyukoztiirk et al., 2012). Ethical principles were followed throughout the
study. In this line, the participants were informed about the study and voluntary participation was
ensured during the study. Particular attention was paid to the confidentiality of personal information.
Participants took courses of General Chemistry | and General Chemistry Laboratory | in the fall semester
of the said academic year and continued to take General Chemistry Il and General Chemistry Laboratory
Il courses in the semester in which the application, which is the subject of the study, was performed.
The students were randomly assigned to four experimental groups: Experimental Group 1 (E1, n=22;
only the Cooperative Learning Method (CL) was applied), Experimental Group 2 (E2, n=24; CL was
applied with Seven Principles for Good Practice) Experiment Group 3 (E3, n=23; CL was applied with
animations) and Experimental Group 4 (E4, n=22; CL was applied with models).

Data Collection Tools
Four Module Tests (MT) was used for data collection in the present study.
Module Tests (MTy,2,3,4)

Module Tests (MTy, 2, 3, 4) were used for the purpose of finding the effect of applied methods and
techniques on conceptual understanding. All MTs consist of open-ended drawing questions. The
questions in the MTs are presented in the findings section of this paper, along with the expected
conceptual understandings for each question. MTs were developed in three stages. In the first stage,
MTs were developed by the first researcher by reviewing previous studies [MT: (Tien et al., 2007;
Uzuntiryaki & Geban, 2005), MT2 (Karpudewan et al., 2015), MTs (Boz, 2009; Tarhan & Acar-Sesen,
2013), MTa (Acar-Sesen & Tarhan, 2013; Karsli & Calik, 2012)] that aimed to determine conceptual
understandings of the topics that are investigated in the present study. In the second stage, three field
experts, one in chemistry and two in science education, were consulted for the content validity of the
tests. In the last stage the tests were applied to 100 first-year students in the science teaching program
in the pilot application to determine the reliability of the data collection material. The collected data
were analyzed by two science education experts. Inter-coder reliability was calculated by using the
formula [reliability=consensus/(consensus+disagreement)] by Miles and Huberman (1994) . Inter-coder
reliability scores of MTs are found, in respective order, as MT1: 78; MT2: 85; MTs: 87; MTa4: 83. For
statistical analysis, each question in the MTs was categorized as correct (10-25 points - depending on the
question in the module test and the number of criteria used for each question-), partially correct (5-12
points) and incorrect (O points). For instance, a question in MTs is about the working principle of an
electrochemical cell. This question was scored by examining the electrochemical cell as five sub-
questions (changes in electrodes, changes in electrolyte solutions, and changes in salt bridge).
Participants will receive 50 points if they answer all of the MT4's sub-questions correctly, and 25 points if
they answer partially correct and they will receive 0 points if all questions are wrong/alternative
comprehension/blank answer. Correct answers refer to answers that are complete. Partially correct
answers refer to some parts of a question being correct. Completely incorrect answers refer to
alternative conceptions, and blank answers. A maximum of 50 points can be obtained in each module
test.
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Implementation

The present study was implemented in a period of five weeks: One week for explaining the methods
and techniques to be applied (one lesson hour is 50 minutes) and the microscopic-macroscopic-symbolic
levels (Johnstone, 1982) that are necessary for understanding chemistry (one lesson hour) and four
weeks of practice (two lessons per week for each group). The applications were carried out in the
General Chemistry Laboratory course and four experiments developed by the first researcher were
used. The four experiments are related to solutions, decomposition reaction, acids and bases, and
electrochemistry, in respective order. The first researcher developed experiment sheets that contain the
theoretical knowledge regarding the topic and information on how to conduct the experiments. The
experiment sheets were examined by two experts in the field of chemistry education. The sheets were
reviewed upon the feedback from experts before using. A copy of the experiment sheets can be seen in
appendix (Appendix 1). The application process was carried out by the first researcher. Experimental
groups were informed about all the subjects to be covered in the study one week before the
implementation. Each student was guided to do a collaborative study with the students in their group
(4-5 people) that includes two hours of preparation and evaluation outside the classroom on a weekly
basis (one hour before the lesson and one hour after the lesson, as determined by the group members).
In the group where cooperative learning was applied with the seven principles, an LMS called Edmodo
was used to follow the work outside the classroom. In other groups, the first researcher gave face-to-
face feedback in the classroom about the problems encountered in outside studies and the parts that
were not understood. All the groups in the study were given the same amount of time. Researchers
carried out various activities for students in all experimental groups to present their theoretical
knowledge as a product.

Implementation of Cooperative Reading Writing Application Method

Reading Writing Application Method (RWA), which is one of the cooperative learning methods, was
applied in group E1. Before the application, the MT of the relevant week was applied as a pre-test. Then,
the students were grouped into their respective groups (4-5 people) that were determined previously.
At this stage, an experiment sheet was given to the groups and they were encouraged to read together.
The groups were given 15 to 20 minutes for reading. When all groups completed the reading stage, the
experiment sheets were taken back and the writing stage started. During the writing stage, the groups
were asked to prepare a report containing the theoretical knowledge about the experiment and the
rationale for conducting the respective experiment. At this stage, the researcher walked around the
classroom and directed the group members verbally to participate in the learning process. The first
researcher evaluated the reports of the groups. and the groups with reports that were deemed
sufficient proceeded to the application stage. In the application stage, the groups prepared their
experimental setups with the materials placed on the tables in the laboratory by the researcher before
the lesson and conducted their own experiments. Experiments were carried out according to the semi-
open-ended experimental approach (Ergin et al., 2012) to provide the students an opportunity to
interpret the results by applying what they have learned together. At this stage, the researcher walked
around the groups, checked the association students made regarding the results they obtained with the
particle level and gave feedback when necessary. Once all groups have completed their experiments, a
reaction related to the topic discussed that week but different from the one in the experiment is given
in a symbolic representation to show that the learned information can be applied to different situations
and the students were asked to show this reaction at the particle level, feedback was given to the
students when necessary. Finally, MT was applied as a posttest before the application was completed.
MTs were applied in other groups in a similar manner.

Implementation of Cooperative Reading Writing Application with Seven Principles

Unlike E1 in which only RWA was applied, RWA and seven principles were applied together in this
group (E2). Since some of the principles of the seven principles are included in the cooperative learning
method, the relevant principles have been implemented with cooperative learning, which are ensuring
cooperation between students (principle 2), encouraging active learning (principle 3) and giving
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students immediate feedback (principle 4). A Learning Management System (LMS) named Edmodo
(URL-1) was used to implement the seven principles outside the classroom. Edmodo is an LMS open to
both web and mobile access. A class can be created on this particular LMS, and students added to this
class are divided into groups and they are provided an opportunity to work in groups. Students are
divided into groups on the LMS according to their class groups. LMS offers students the opportunity to
share information in writing, as a class or as a group, through a forum. This way, other students can
comment on a student's message and get involved in the discussion about the topic. Moreover, in LMS
students can communicate with each other and the researcher through text. Likewise, the researcher
can send a written message to the whole class or student groups via LMS. E2 group was explained that
Edmodo is a part of the method to be applied, and the participants were given information about why
and how it will be used. Edmodo was chosen as an interface because it is similar to a widely used social
media platform (Facebook) (Dinger & Balaman, 2019) and is easy to understand. Each group in this
experimental group choose one of the research topics and made a project, which they presented to the
class after the experiment. The content of the project is that students develop a course material using
the materials of their choice in order to collect theoretical information about the subject and to
associate the subject with the particle level (principle 7). The material (related to the ionization of
water) prepared by a student group is shown in Figure 1. After each project is presented to the class, the
researcher asked “why” and “how?" (e.g. color change in acid-base titration) to the group who made the
presentation for them to give an explanation. Student groups in this group researched the biographies
of prominent scientists related to the project topics (e.g. chemical equilibrium, Le Chatelier) and
presented to the class in the week when all the applications were completed. It was aimed that students
get to know scientists closely, raise their own expectations and increase their efforts towards the course
(principle 6). By using Edmodo, students' cooperation outside the classroom was followed (principle 2)
and it was ensured that they actively participated in the learning process (principle 3). For this purpose,
the students shared their knowledge with each other on Edmodo weekly at a time determined by them.
And they carried out the entire preparation process of their projects through Edmodo. In addition,
Edmodo was used to enable students to communicate with each other and with the researcher
(principle 1). The students directed their questions about the research topics to the researcher through
Edmodo without time limit, and daily feedback was given (principle 4). Finally, the researcher reviewed
the students' project work on Edmodo on a weekly basis, and the feedback was provided when
necessary to ensure that the projects were completed on time (principle 5). In addition, alternative
conceptions of the students were determined through these reviews and necessary feedbacks were
given (principle 4).
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Figure 1. A Course Material Prepared by Students Within the Scope of Seven Principles (lonization of
Water)
Implementation of Cooperative Reading Writing Application with Animations

RWA and animations were applied together in group E3. Animations were obtained from various
websites (URL-2, 2016; URL-3, 2016; URL-4, 2016; URL-5, 2016; URL-6, 2016). Three experts, two in the
field of chemistry and one in the field of science education, examined if the animations matched the
topic concepts and learning objectives A computer and instructional technology expert examined
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animations in terms of technical properties. Animations are designed to show chemical/physical
reactions at a particle level. For the reason that the software required to play animations on the web is
not supported by the relevant company as of 2021 (URL-7, 2022), screenshots of one of the animations
(the animation shows the changes in the components of the electrochemical cell at the macro and micro
level), which are presented in Figure 2, used in the study. RWA was applied as in E1. Once the
application stage of RWA was completed, the animations were presented to the class via computer and
projection. After the animation presentation, the groups were given a worksheet and asked to answer
the questions by discussing as a group. The questions were as follows: "What are the stages of the
reaction?", "What are the type of reactions that take place at these stages?", "How the substance
amounts at the beginning and end of the reaction and how the phases are affected?" The researcher
walked around the groups and examined the answers the groups gave. The researcher asked the
students “Why?” and "How?" to see how students justified their answers. Finally, the students were
given feedback when necessary and the implementation was completed.
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Figure 2. A Screenshot of the Animation About the Electrochemical Cell

Implementation of Cooperative Reading Writing Application with Models

RWA and models were applied together in group E4. RWA was applied as in the other groups. After
the application stage of RWA, the students were asked to model the events that took place in the
experiments at the particle level by using playdough and ball-and-stick models. The students first wrote
the reaction in the experiment on a piece of paper with symbolic representation. Afterwards, a group
discussion was made to decide the size of the particles in the model, which color would represent which
particle, and the symbols to be used according to the type of reaction. The model was first drawn on the
paper with the symbolic representation. Then the group distributed the tasks to the members for each
part of the model and the students started to work. The groups that completed their models presented
their work to the researcher. Figure 3 shows an example of such a model. The researcher checked the
completed models and gave feedback to the groups for the parts that were not understood/explained.
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Figure 3. Modeling the Reaction by Mixing AgNOs and Kl Solutions

Data Analysis

Prior to the analysis, the Module Tests (MT) was given a code. For example, E1-S3 shows the third
student in the first experimental group. Analysis of normality showed that the data showed normal
distribution. For these reasons, the data were analyzed with one-way analysis of variance, which is one
of the descriptive statistics and parametric tests. Multiple comparisons were made by applying Scheffe
test, one of the post-hoc tests used in cases where the data had both normal distribution and
homogeneously distributed variances, and the Games-Howell test when the variances were not
homogeneously distributed. In order to present the comparisons clearly, the implementation effect was
calculated with the effect size coefficient eta-square (n?).

Results

Quantitative findings obtained from Module Tests (MT) are presented in this section. In addition,
examples of alternative conceptions identified in the drawings in the pretest and posttest application of
each MT are included in order to show the difference in conceptual understanding. It should be kept in
mind that there is no difference between the groups in terms of drawing styles, because similar
alternative conceptions were detected in all experimental groups.

Results for MT1

Descriptive statistics and ANOVA results obtained from the application of MT1 as a pre-posttest are
given in Table 1.

Table 1.
Descriptive Statistics and ANOVA Results of MT: Pretest and Posttest
Tests Groups N X* SD Sum of Squares df Mean Square F p
El 26 18.42 10.07
E2 22 17.00 7.33
E3 23 17.43 9.40
Pretest E4 21 18.43 8.61
Between Groups 41.964 3 13.988 174 0.91
Within Groups 7088.949 88 80.556
Total 7130.913 91
El 26 20.62 8.00
E2 22 36.18 6.64
E3 23 3422 7.23
Posttest E4 21 2890 13.84
Between Groups 4669.648 3 1556.549 18.251 0.00
Within Groups 7505.341 88 85.288
Total 12174.989 91

Significant difference E1-E2"*, E1-E3™", E1-E4™

* The maximum is 50 points “*Shows significant difference
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Table 1 shows that the groups with the highest mean scores in the pretest and posttest are E4 and
E2, respectively. There was no statistically significant difference between the groups in the pre-test
application of MT1 (Fz-01) = 0.174; p >0.05). There was a statistically significant difference between the
groups at the posttest phase (Fz-91) = 18.251; p <0.05). The Games-Howell test was used to determine
which group favored this difference. to the results of the Games-Howell test showed a statistically
significant difference between E2, E3 and E4 and E1 in favor of E2, E3 and E4. It was shown that the
independent variables played a large role in this result, with an eta-square value of (n2=0.38).

Examples of alternative conception detected in the application of MT: as a pre-post test

Question 1: Draw the 2 mL 1 M Pb(NOs)2 given in Figure a below and the 2 mL 1M Kl solutions given in
Figure b at the particle level.

( ) (0: Pb?*, ®: NO5, a: K, 4: 1)

Figure a) 2mL 1M Pb(NO3)2(aq)

Figure b) 2mL 1M Kl (aq)

Regarding Figure a, students are expected to draw Pb?* ions in the solution at half the ratio of NOs
ions in the solution and away from each other since the ions are homogeneously distributed and
surrounded by water molecules. In Figure b, they are expected to draw an equal number of K* and I ions
far from each other since the ions are homogeneously distributed and surrounded by water molecules.

Figure 4 shows examples of alternative concepts related to Figure a in the first question.

Pretest drawing examples

Posttest drawing examples
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Figure 4. MT;: Question 1 Figure A Drawing Examples with Alternative Conceptions

As it is seen in Figure 4, the students had drawn the lead and nitrate ions in the solution adjacent to
each other (all sample drawings) and had drawn the ions according to the heterogeneous form (E1-S19).
Some students paid attention to the ratio between lead and nitrate ions (E1-S19, E2-S12, E3-S3, E4-S7).
However, it is seen that some students did not associate the coefficients correctly (E3-S7). Also, a
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student had drawn the molecules of a compound in a way that they had different molecular geometry

(E4-S7).

Figure 5 shows examples of alternative concepts related to Figure b.

Pretest drawing examples

Posttest drawing examples
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Figure 5. MT: Question 1 Figure b Drawing Examples with Alternative Conceptions

It can be seen in Figure 5 that although some students paid attention to the ratio between potassium
and iodine ions they had drawn the ions as in heterogeneous distribution (E1-S19). Although some
students paid attention to the ratio between different ions, they had drawn the ions adjacent to each
other (E2-S12, E3-S6, E3-S3, E4-S7, E4-15). Some students, on the other hand, had not divide potassium
iodide into ions but also had drawn the particles by combining them in a different way (E4-S7).

Question 2:

The 2mL 1M Pb(NO3)2 solution in the test tube below and the 2 mL 1M Kl solution in the b test tube are
mixed in the c test tube by using a glass funnel. The reaction takes place according to the equation
Pb(NO3)2(aq) + 2Klagy —> Pblzis) + 2KNO3z(aq). Please show the particle types that are present in the final

mixture.

(0: Pb?, ®: NO3, 4: K*, 2: 15, O: Pbls,)
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In this question, students are expected to draw the number of Pbl: molecules in half the ratio of K*
and NOsions, and equal numbers of K* and NOs  ions after the precipitation reaction. Since Pbl: is solid,
its particles are expected to be drawn very close to each other, while K* and NOs™ ions are expected to be
drawn far from each other because they are surrounded by water.

Figure 6 shows examples of alternative conceptions related to the question above.

RGN -
& a U

Pola i)

Pretest drawing examples

Posttest drawing examples

Figure 6. MT: Question 2 Drawing Examples with Alternative Conceptions

It can be seen in Figure 6 that some students also had drawn the nitrate and potassium ions
remaining in the solution part in a heterogeneous way so that the iodine and lead ions would settle to
the bottom but not form a new compound (E1-S19). Some students showed the potassium and nitrate
ions in the solution adjacent to each other (E2-S22, E3-S6). Some students, on the other hand, had
drawn the particles forming the precipitated lead (ll) iodide as ions in the solution and failed to pay
attention to the ratio of the number of ions in the solution part (E4-S16).

Results for MT2

Descriptive statistics and ANOVA results obtained from the application of MT; as a pre-posttest are
given in Table 2.
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Table 2.
Descriptive Statistics and ANOVA Results of MT Pretest and Posttest
Tests Groups N X* SD Sum of Squares df Mean Square F p
El 22 19.73 10.28
E2 24 20.42 8.45
E3 23 23.87 11.73
Pretest E4 23 24.52 13.59
Between Groups 398.618 3 132.873 1.067 0.36
Within Groups 10954.545 88 124.483
Total 11353.163 91
E1l 22 2495 10.51
E2 24 36.17 8.85
E3 23 36.22 8.46
Posttest E4 23 35.87 8.93
Between Groups 2075.658 3  691.886 8.174 0.00
Within Groups 7448.810 88 84.646
Total 9524.467 91

Significant difference E1-E2"™, E1-E3™", E1-E4™

*The maximum is 50 points “*Shows significant difference.

As it can be seen in Table 2, the groups with the highest mean scores in the pretest and posttest are
E4 and E3, respectively. There was no statistically significant difference between the groups in the
application of MT2 as a pretest (Fi-91) = 1.067; p >0.05). However, a statistically significant difference was
found between the groups in the posttest (Fiz91) = 8.174; p <0.05). Scheffe test was used to determine
which group favored the said difference. The results of the Scheffe test showed a statistically significant
difference between E2, E3, E4 and E1 in favor of E2, E3 and E4. It was shown that the independent
variables played a large role in this result, with an eta-square value of (n?=0.21).

Examples of alternative conception detected in the application of MT: as a pre-post test

Question 1: There is some potassium chlorate (KCIO3s) in the test tube, as shown in the figure below.
First, please draw the KClO3(s) in the test tube and the substances in the space at the top of the tube
immersed in water after the reaction given below, at the particle level (KCIO3(s): 2, O2: A  KCls: O The
tube that is immersed in water was completely filled with water and turned upside down in a water-
filled container).

Heat
KClOss)

K(‘lq s+ 3.’202@»

Catalyst (MnO»)

In this question, students are expected to draw an equal number of particles from KCIOs and KCl, and
one and a half times the number of particles from Oz. In addition, it is expected that the particles in solid
form are drawn very close to each other, and the particles of the gaseous substance are drawn quite far
from each other and homogeneously dispersed in the container (on the upper part of the graduated
cylinder immersed in the water).

Figure 7 shows examples of alternative conceptions related to the question given above.
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Pretest drawing examples

Posttest drawing examples

Figure 7. MT2 Question 1 Drawing Examples with Alternative Conceptions

As it can be seen in Figure 7; the students failed to draw the solid potassium chlorate in accordance
with the solid form (E1-S8). They had drawn the potassium chlorate in the gas form together with the
oxygen gas on the upper part of the inverted graduated cylinder in water after the heat treatment (E2-
S9, E4-S11). It is seen that some students had drawn potassium chlorate in solid form in the test tube
and potassium chlorate in liquid form on the top of the graduated cylinder, but they failed to draw
oxygen gas (E4-S6). In addition, it is seen that potassium chloride was not included in the sample

drawings.

Results for MT3

Descriptive statistics and ANOVA results obtained from the application of MTs as a pre-posttest are

given in Table 3.

Table 3.
Descriptive Statistics and ANOVA Results of MTsz Pretest and Posttest
Tests Groups N X* SD Sum of Squares  df Mean Square F p
El 23 18.09 7.30
E2 24 17.58 7.55
E3 23 18.35 7.66
Pretest E4 22 20.00 7.26
Between Groups 74.080 3 24.693 445 0.72
Within Groups 4880.877 88 55.465
Total 4954.957 91
El 23 18.61 7.57
E2 24 38.17 7.46
E3 23 31.35 7.87
Posttest E4 22 32.77 7.82
Between Groups 4788.760 3 1596.253 27.097 0.00
Within Groups 5183.893 88 58.908
Total 9972.652 91

Significant difference E1-E2"", E1-E3™", E1-E4™", E2""-E3

*The maximum is 50 points ““Shows significant difference.
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As it can be seen in Table 3, the groups with the highest mean scores in the pretest and posttest are
E4 and E2, respectively. No statistically significant difference was observed between the groups when
MTs was applied as a pre-test (F(s-91) = 0.445; p >0.05). However, a statistically significant difference was
found between the groups in the posttest (Fp.o1) = 27.097; p <0.05). Scheffe test was applied to
determine which group favored this difference. The Scheffe test results showed a statistically significant
difference between E2, E3 and E4 and E1 in favor of E2, E3 and E4 and between E2 and E3 in favor of E2.
It was found that t the independent variables played a large role on this result, with the eta-square value
of (n?=0.48).

Examples of alternative conception detected in the application of MTs as a pre-post test

Question 1: 0.4 molar 40mL Hydrochloric acid (HCI) solution is put into the burette in the titration setup
given below. 20 mL of sodium hydroxide (NaOH) solution is placed in the erlen. A few drops of
phenolphthalein are added into the erlen. The tap of the burette is opened to start the titration process.
The erlen is shaken simultaneously as the solution is being taken from the burette. The titration is
completed using 10mL of HCI from the burette.

Erlende; NaOH(aq) + HCl(agq) = NaCl(ag) + H20(s)
denklemine gore reaksiyon gergeklesmektedir.

(H: 4, OH: &, Na*: ©, CI: @, 1milimol 1 tanecik ile temsil edilecektir)

Show the ions in the burette and erlen at a particle level once the titration is complete. Show only the
water that will be formed after the reaction at the particle level in your drawing.

In this question, it is necessary to correlate the concentrations of the solutions given the amounts and
concentrations before the titration with the particle level and that equal numbers of H+/H30* and CI ions
are be drawn in the standard solution part after the titration. In addition, equal numbers of Na*, CI ions,
and H20 molecules are expected to be drawn at the particle level in the part where neutralization takes
place. It is important that the ions are drawn apart from each other because they are surrounded by
water.

Figure 8 shows examples of alternative conceptions related to the question given above.
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Posttest drawing examples

Figure 8. MTs Question 1 Drawing Examples with Alternative Conceptions

As it can be seen in Figure 8, the students had drawn the ions in the burette and the erlen adjacent
to each other after titration (E1-S12, E2-S11). Some students drew that only hydronium and hydroxide
ions that make up water are present in the erlen after titration (D1-S9), and some students failed to
show the water formed in the erlen after titration at the particle level and did not pay attention to the
amount of substance given at the beginning.

Results for MTa

Descriptive statistics and ANOVA results obtained from the application of MTs as a pre-posttest are

given in Table 4.
Table 4.

Descriptive Statistics and ANOVA Results of M T4 Pretest and Posttest

Tests Groups N X* SD Sum of Squares  df Mean Square F p
E1l 21 11.33 4.67
E2 24 11.83 5.21
E3 22 11.45 4.75
Pretest E4 16 11.19 4.86
Between Groups 4.831 3 1.610 .067 0.97
Within Groups 1887.892 79 23.897
Total 1892.723 82
E1l 21 1490 8.99
E2 24  36.92 8.94
E3 21 28.62 14.21
Posttest E4 16 37.13 10.10
Between Groups 6732.533 3 2244178 19.393 0.00
Within Groups 9026.345 78 115.722
Total 15758.878 81

Significant difference E1-E2™*, E1-E3"", E1-E4™"

*The maximum is 50 points ““Shows significant difference.
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As it can be seen in Table 4, the groups with the highest mean scores in the pretest and posttest are
E2 and E4, respectively. No statistically significant difference was observed between the groups when
MTa was applied as a pretest (Fi-s2) = 0.067; p >0.05). However, a statistically significant difference was
found between the groups in the posttest (Fs-s1) = 19.393; p <0.05). Scheffe test was used to determine
which group favored this difference. to the results of the Scheffe test showed a statistically significant
difference between E2, E3 and E4 and E1 in favor of E2, E3 and E4. It was found that the independent
variables played a large role in the emergence of this result, with the eta-square value (n?=0.42).

Examples of alternative conception detected in the application of MT4 as a pre-post test

Question 1:

CuSO04(q)
7 10mmoL

ZnSO4(aq g
10mmoL

(K*: A ,Cl: A,S0s%: O, Zn: @, Cu: W, Zn2*: O, Cuz*:0)

An electrochemical battery is given in the figure, the state of the materials in the parts that make up
the battery before the battery starts to work is shown at the particle level. The electrochemical cell is
run for a while and then stopped. Show in particle level which particles are present in balloons A, B, C, D
and E in the final state when the battery is stopped.

\ / /
M zat® PN

In this question, a decrease in the number of particles in the zinc electrode (anode), an increase in the
number of Zn®** ions in the electrolyte solution are expected to be drawn, as well as the Cl- ions coming
into this solution from the salt bridge. An increase in the number of particles in the copper electrode
(cathode), a decrease in the number of Cu?* ions in the electrolyte solution and the drawing of K* ions
coming from the salt bridge into this solution are expected to be shown as well. At the same time, the
drawing must have reduced the number of both types of ions because the ions in the salt bridge go into
solutions.

Figure 9 shows examples of alternative conceptions related to the question given above.
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Pretest drawing examples

Posttest drawing examples

Figure 9. M T4 Question 1 Drawing Examples with Alternative Conceptions

As it can be seen in Figure 9; the students had shown in their drawings that the number of particles
would decrease at the anode, the number of particles would increase at the cathode, but the ions in the
salt bridge would distribute evenly to the electrolytes, and all other ions in the electrochemical cell
would pass into the salt bridge (E1-S6). Another drawing shows that there would be no change in the
electrodes and salt bridge once the electrochemical cell runs, and that sulfate ions are collected in the
solution where the anode is located, and zinc and copper ions are collected in the solution where the
cathode is located (E2-S4). Some students had drawn that the reduction reaction takes place at the zinc
electrode, and therefore, positively charged ions move from the salt bridge to the solution where the
zinc electrode is located, and negatively charged ions move to the solution where the copper electrode
is located (E3-S2).0On the other hand, some students had drawn that the ions in the salt bridge would
remain in the salt bridge as a result of the operation of the electrochemical battery, and these students
also decreased the number of positively charged ions in the salt bridge by one and increased the
number of negatively charged ions by one (E4-S6).

Discussion and Conclusion

The present study aimed to investigate the effect of applying cooperative learning with animations
or models or seven principles on conceptual understanding. The current section includes a discussion of
the effects of the applied methods on the results. Moreover, the understandings of each Module Test
were discussed in relation to the literature.

The results clearly showed that the application of cooperative learning with seven principles, the
application of cooperative learning with models, and the application of cooperative learning with
animations further increase conceptual understanding. A significant difference was found between the
E1 group and the E2, E3, and E4 groups in favor of the E2, E3, and E4 groups in all module tests. The eta-
square values indicate that the effects of these practices on the results are at a large level (Cohen,
1988). Further pairwise comparisons found a significant difference in favor of E2 between E2 and E3 in
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MTs. It was observed that the mean score increased the most in the E2 experimental group in all tests
except MTa. For MTy4, the highest increase was seen in the E4 group. The use of a Learning Management
System (LMS) in the group where cooperative learning was applied with seven principles increased the
communication of students with each other and with the teacher. It can be said that this would lead to
an improvement in their learning by increasing their level of social interactions, which has a positive
effect on mental formation of conceptual structures (Weir, 2004). Students in this group had the
opportunity to collaborate more outside the classroom due to LMS. Out-of-class activities were
completed on time in E2 group, because the studies were followed up with LMS and feedback was given
when necessary. It can be deduced that these practices have increased students' conceptual
understanding. In addition, it can be argued that they received more feedback from the students in
other groups because they prepared and presented projects on the topics within the on a timely manner
and received feedback during the discussion of the presentations. Considering the fact that the feedback
paves the way for the next steps in learning, we can say that the feedback contributed to the success of
the group (Brown et al., 2016). Another point is that the students developed a material by using the
materials of their desire to make associations between the macro-micro and symbolic dimensions.
Identifying students' current knowledge when they prepared these materials and giving appropriate
feedback may have increased their conceptual understanding; because determining students' initial
level of knowledge and giving proper and timely feedback positively affect their conceptual
understanding (Karatas et al., 2003).

It has been suggested that students' understanding levels increased in the group in which the models
were applied with cooperative learning because they made the models themselves. In line with this
finding, Yaseen's (2018) study showed that the understanding of students was positively affected when
the students had a hands-on experience on the model-making. Moreover, it was shown that it is helpful
to visualize chemical events at the molecular level (Cloonan et al., 2011; Hoe & Subramaniam, 2016) and
use macroscopic reconfigurable models when teaching microscopic reactions to facilitate students’
conceptual understanding (Cloonan et al., 2011; Yaseen, 2018). It can be said that making the micro-
scale states of the animations visible helped to increase the understanding at the particle level in the
group where the animations were applied with cooperative learning. However, it was observed that the
conceptual understanding levels of the students in this group were lower than those of the E2 and E4
groups. This can be related to the fact that students are not allowed to interfere with the animations
and, in a way, they remain in the position of passive audience. However, many studies in the literature
found that animations help to achieve an understanding at the particle level (Karacop & Doymus, 2013;
Ozmen, 2011; Williamson & Abraham, 1995). In addition, similar misconceptions were detected in the
MTs regarding the drawing style in all experimental groups. This may be due to the fact that the
conceptual knowledge of students might be similar. This finding is supported by the evidence by Simsek
et al.’s study (2008).

As it can be seen in the drawings related to the first question of MT3, the students had drawn the
compounds in aqueous solutions of ionic lead (ll) nitrate and potassium iodide without separating them
into their ions. This finding is in line with the findings of the study by lzzati and Rochmah (2020) and
Kelly (2016). Previous studies found that students have a conceptual understanding that ions do not
separate from each other in aqueous solutions of ionic compounds. This may result from the students
thinking that the ions with different kinds of charges in the solution came together due to the
electrostatic attraction force. Several studies conducted with students with different levels of education
found a number of misconceptions regarding the concept of dissolution (Akgiin, 2009; Calik & Ayas;
2005). In the second question of MTj, it is seen that the students made mistakes because they did not
know which ions would precipitate and which ions would remain in the solution. This may have been
caused by their lack of knowledge about the metallic activity, because a lack of knowledge regarding
earlier concepts negatively affect the understanding of advanced topics (Akglin, 2009).

The drawings in MT2 show that the students had drawn the physical and chemical changes to occur
simultaneously. Such a misconception has not been encountered before in the relevant literature. Many
studies have found that students have difficulty understanding the topic of physical and chemical
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change, and they have many misconceptions about it (Kingir & Geban, 2014; Lemma, 2013). The finding
in the present study that students have an incorrect conceptual understanding on this topic may be due
to their inability to associate symbolic representation with microscopic representation.

The drawings in MTs show that the students had drawn the ions in acid, base, and salt solutions
adjacent to each other. This finding is supported by the study of Hoe and Subramaniam (2016). This
study showed that students have an understanding that the cations and anions of the salt formed as a
result of complete neutralization must be adjacent to each other. This may be due to the students
thinking that ions with different charges would attract each other due to the electrostatic attraction
force. This result is consistent with the results of previous studies (Hoe & Subramaniam, 2016; Tien et
al., 2007).

The drawings in MTa show that the students have difficulty understanding the reactions that take
place in the aqueous battery assembly. The parts that students find most difficult to understand are the
oxidation-reduction concepts in semi-cells and the particular types of ions that should pass from the salt
bridge to the oxidation-reduction zones. This may be related to the fact that electrochemistry is taught
at a symbolic level in high school education (Ministry of National Education [MEB], 2018), because a
deep understanding of chemistry requires learning basic and advanced subjects using macroscopic-
microscopic-symbolic representation (Johnstone, 1982). Similar to our findings, studies on
electrochemistry showed that students have misconceptions about oxidation-reduction reactions and
salt bridge (Acar-Sesen & Tarhan, 2011; Osman & Lee, 2013).

In the present study, the findings obtained from the module tests also showed that some alternative
conceptions found in the pretests were also observed in the posttests. This may be due to alternative
conceptions being resistant to change (Akgilin, 2009). On the other hand, it can be deduced that the
present study is important in terms of presenting many alternative concepts related to different basic
chemistry topics together. Thus, it can be said that more attention should be paid to the fact that
misconceptions about basic subjects negatively affect the learning of advanced subjects in curricula.

In conclusion, the present study showed that the application of cooperative learning with seven
principles or with models or with animations has led to an increase in the level of students’ conceptual
understanding.

Limitations and Recommendations

The topics that are investigated in the present study are comprehensive. However, the present study
focused on the specific sub-sections of these topics at a particle level [solutions (dissolution and
precipitation), chemical reactions (decomposition reaction), acids and bases (titration) and
electrochemistry (electrochemical cell)]. Another limitation of the study is that only drawings of
students at a particle level were used to assess their conceptual understanding. Future studies can more
clearly demonstrate their level of conceptual understanding by asking students for written explanations
about their drawings and by conducting interviews with students about their drawings. In line with the
findings of this study, it is suggested that when teaching ionic compound solutions, more attention
should be drawn to particle size along with algebraic calculations.
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Tiirkge Siirimui

Giris

Kimyanin ¢ok fazla soyut kavram icermesi 6grencilerin alternatif kavrama gelistirmelerine sebep
olmaktadir (Taber, 2019; Zheng & Campbell, 2018). Ayni zamanda kimyanin kavramsal anlasiimasi
mikroskobik-makroskopik-sembolik seviyede anlamayi gerektirmektedir (Johnstone, 1982). Bu seviyeler;
i) mikroskobik seviye, mikroskobik dizeydeki tanecikler (elektronlar, atomlar, molekiller), ii)
makroskopik seviye, gozlemlenebilir gergeklik ve iii) sembolik seviye, kimya ile ilgili kavramlarin grafikler,
denklemler ve esitliklerle gosterilmesi seklindedir (Johnstone, 1982). Kimya, bu Ug¢ boyutun birlikte ise
kosulmasi ile anlasilabilir (Allred & Bretz, 2019; Harrison & Treagust, 2000). Dolayisiyla mikro diizeyde
gerceklesen olaylarin makro diizeyde gorsellestirilmesi olduk¢a 6nemlidir (Hoe & Subramaniam, 2016).

Mikroskobik boyuttaki olaylari gorindr kilmak ve agiklamak icin kullanilan araglardan biri
animasyonlardir  (Akaygun, 2016; Kelly & Jones, 2007). Tanecik diizeyde gercgeklesen
olaylarin/durumlarin animasyonlarla gorsellestirilmesinin 6grenmeyi arttirdigi birgcok arastirma ile ortaya
konulmustur (Al-Balushi vd., 2017; Barak & Hussein-Farraj, 2013; Guinersel & Fleming, 2013). Yine
animasyonlar 6grenilen bilgilerin transfer edilmesini (Barak & Hussein-Farraj, 2013), 6grencilerin tanecik
dizeydeki kavram yanilgilarinin giderilmesini (Yaseen & Aubusson, 2020), dogru zihinsel modeller
gelistirmelerini (Akaygun, 2016) ve derse karsi olan ilgilerini olumlu yonde etkilemektedir (Gunersel &
Fleming, 2014).

Soyut kavramlarin gorsellestirilmesinde kullanilan araglardan diger bir arag ise modellerdir (Oliva vd.,
2015; Samon & Levy, 2017). Yapilan bircok arastirmada modellerin; makroskobik, mikroskobik ve
sembolik boyutlar arasinda iliski kurulmasina yardimci oldugu (Krell vd., 2015; Wang vd., 2014) ve
kavramsal anlamayi arttirdigi tespit edilmistir (Abd-El-Khalick, 2012; Adadan, 2014; Kimberlin &
Yezierski, 2016).

ilgili alanyazinda animasyonlar ve modellerin 6gretim siirecine, dgrencileri aktif kilacak bir yéntemle
dahil edilmesi gerektigi belirtiimektedir (Yaseen, 2018). Animasyonlar ve modeller etkili aktif 6grenme
yontemlerinden biri olan isbirlikli 6grenme yontemi ile kullanilabilirler (Acar & Tarhan, 2007; Karacop &
Doymus, 2013).

isbirlikli 6grenme, 6grencilerin kiiclik heterojen gruplar halinde kendilerine verilen bir konuyu
Ogrenirken birbirlerine yardimci olduklari, kendilerinin ve grup arkadaslarinin 6grenme sorumluluklarini
Ustlendikleri ve grup igi olumlu bagimliligin oldugu bir 6grenme yontemidir (Abramczyk & Jurkowski,
2020; Costouros, 2020). isbirlikli grenmenin uygulanmasinda; Jigsaw, Takim Oyun Turnuva, Ogrenme
Takimlari Basari Bolimleri, Okuma Yazma Uygulama (OYU) gibi yontemler kullaniimaktadir. Bunlardan
OYU yéntemi lic asamadan olusmaktadir. ilk asama okuma asamasidir. Bu asamada &grencilere okuma
metinleri saglanarak okumalari istenir. Bu asamanin temel amaci, 6grencilerin akil ydritme igin
kullandiklari siireyi artirmaktir. Ogrencilerin seviyelerine uygun metinleri okumalari, akil yiiriitme ve
edindikleri bilgileri ifade etme becerileri agisindan olduk¢a faydalidir (Schoonen vd., 2010; White &
Gustone, 1989). ikinci asama yazma asamasidir. Ogrencilerin birlikte yazma etkinlikleri gerceklestirmeleri
ogrendiklerini organize etme, kavrama ve ifade etmeleri agisindan énemlidir. Yazma asamasindaki temel
amag, grup Uyelerinin 6grendiklerini birlikte yazarak bir grup Griinii ortaya ¢ikarmalarini saglamaktir. Bu
tir etkinliklerde 6grenciler kisisel gorislerini sunarken bircok o6zgilin fikir ortaya c¢ikmaktadir
(Eshietedoho, 2010; Hohenshell & Hand, 2006). Son asama olan uygulama asamasinda, 6grencilerin
teorik bilgilerini uygulamalari ve 6grenmenin deneyimlenerek gerceklestiriimesi amaclanmaktadir. ilgili
alanyazindaki arastirmalarda OYU yonteminin kavramsal anlamayi ve akademik basariyr arttirdigi
belirlenmistir (Firat, 2014; Okumus & Doymus, 2018; Oztiirk & Doymus, 2018).
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isbirlikli 6grenme ile ilgili diger bir husus ishirliginin sinif disinda siirdiiriilmesidir (Aghajani ve Adloo,
2018). Ogrencilerin 6devler, projeler gibi etkinlikleri sinif disinda isbirligi ile yapmalariyla yéntem sinif
disinda da uygulanabilmektedir (Yorganci, 2020). Sinif disi etkinliklerin takip edilmesi ve gerekli
durumlarda 6grencilere uygun donitlerin verilmesi, 6grenmeyi olumlu etkilemenin yaninda gérevlerin
zamaninda tamamlanmasina katki sunabilir (Bicen & Taspolat, 2019). Bunu saglamak icin glinimuzde
oldukga yayginlasan bilgi iletisim teknolojileri ¢esitli firsatlar sunmaktadir. Bilgi iletisim teknolojilerindeki
gelismeler derslerin sinif disinda desteklenmesini miimkiin hale getirmistir (Dere vd., 2016). Bu teknoloji,
egitim dgretim faaliyetleri kapsaminda Ogrenme Yonetim Sistemleri (OYS) olarak karsimiza ¢ikmaktadir.
OYS'ler &grenme ortami olarak 6grencilerin; isbirligi yapma, siirece aktif katiima, birbirleri ve
o6gretmenleri ile etkili iletisim kurma gibi becerileri kullanmalarini saglayabilir (Tadesse vd., 2020; Tanis,
2020). Ayni zamanda OYS’ler ile 6grencilere aninda déniit verilebilmektedir (Tuapawa, 2017). Bu
olanaklar dogrultusunda 06gretim sirecinin sinif ici ve sinif digi faaliyetlerle etkili bir sekilde
ylriatalebilmesi igin ne tlr bir yol izlenmesi gerektigi sorusunun cevaplanmasi gerekmektedir. Bu
baglamda 6gretimin sinif ici ve sinif disi ortamlarin birlikte kullanilarak yuratilmesine, yiz yize lisans
egitiminde niteligi arttirmak igin (The Ohio Learning Network [NCAT], 2002) ileri siirlilen “iyi bir egitim
icin yedi ilke”nin (Chickering & Gamson, 1987) yardimci olabilecegi diisiinilmektedir (Junco vd., 2011).

Yedi ilke sirasiyla; 6grenci-fakiilte etkilesiminin saglanmasi, 6grenciler arasi isbirliginin saglanmasi,
aktif 6grenmenin kullaniimasi, aninda donlt verilmesi, gorevlerin zamaninda yapilmasi, Ust diizey
ulasilabilir beklentilere cevap verilmesi ve fakli 6grenme stillerine tolerans gosterilmesi seklindedir.
Birinci ilkede o6grenciler ile etkili iletisim kurmanin motivasyonlarini olumlu etkileyecegi
vurgulanmaktadir (Chickering & Gamson, 1999). Ogrencilerin birbirleri ile etkili iletisim kurmalari derse
aktif katiimlarini arttirmaktadir (Tanis, 2020). ikinci ilkede 6grenciler arasinda isbirligi kurmanin
onemine dikkat ¢ekilmektedir. Bagkalari ile birlikte ¢alismak, 6grenmeye katilimi ve Uretkenligi
arttirmaktadir (Johnson vd., 1990). Ogrenme siirecine katilimi arttirdigi icin Ugiincii ilkede aktif
o6grenmenin iyi bir egitim icin gerekliligi 6n plana cikartilmaktadir (Sormunen vd., 2020). Donitler
sonraki 6grenmeler icin rehber niteligi tasidigi icin dordiincu ilkede, iyi bir egitim ortaminda aninda
donite yer verilmesi gerektigi ifade edilmektedir (Brown vd., 2016). Besinci ilke, gorevlerin zamaninda
tamamlanmasina vurgu yapmaktadir. Ogrenme siireglerinin &nemli bilesenlerinden biri olan zamanin
dogru kullanimi etkili 6grenmeye yardimci olmaktadir (Whittle vd., 2019). Altinci ilkede iyi bir egitim
ortaminin ulasilabilir beklentileri tesvik etmesi gerektigi savunulmaktadir (Chickering & Gamson, 1999).
Yedinci ilkede ise farkli 6grenme stillerine sahip Ogrencilere tolerans gosterilmesi ©nerilmektedir
(Chickering & Gamson, 1999).

Alanyazinda yedi ilke ile ilgili ¢calismalarin bircogu lisans 6grencilerinin, 6gretim elemanlarinin ve
o6gretmenlerin yedi ilke hakkindaki gorislerinin tespitine yoneliktir (Bishoff, 2010; Caboni vd., 2002;
Tirrel, 2009). Yedi ilke ile ilgili sinirli sayida uygulamali arastirma mevcuttur. Ornegin, Junco ve digerleri
(2011) tarafindan Universite 6grencileri ile yuritulen arastirmada yedi ilkenin 68renciler arasinda
isbirligini, yuksek beklentilere cevap verilmesini ve 6grenci-fakilte etkilesimini destekledigi tespit
edilmistir. Diger taraftan ilgili alanyazinda yedi ilkenin dogrudan kavramsal anlamaya etkisini belirlemeye
yonelik cok az sayida arastirma oldugu gorilmektedir. Bu arastirmalardan; Cavdar ve Doymus (2018) ve
Okumus ve Doymus (2018) tarafindan ortaokul 6grencileri ile yiritilen arastirmalarda yedi ilkenin
isbirlikli 6grenme ile kullanilmasinin kavramsal anlamayi ve akademik basariyi artirdigi belirlenmistir.
Yine Oztiirk ve Doymus (2018) tarafindan lisans diizeyinde kimya dersinde yedi ilkenin isbirlikli 8grenme
ve modellerle uygulanmasinin kavramsal anlamayi olumlu etkiledigi sonucuna ulasilmistir. S6zU edilen
arastirmalarda yedi ilkenin sinif icinde modelleme galismalari ve gorsel sunumlar ve sinif disinda
hazirlanan projeler gibi uygulamalarla 6grenme siirecine dahil edilmesinin soyut kavramlarin
anlasilmasini sagladigl ifade edilmektedir. Fakat “lisans egitiminde niteligi artirmak” amaciyla ileri
strilen “yedi ilke” ile uygulamaya yonelik ¢ok az sayida arastirmanin olmasi yedi ilkenin 6grenmeyi nasil
etkiledigi konusunda daha fazla arastirma yapilmasina ihtiyag oldugunu gostermektedir.

Biitlin bu bilgiler 1siginda bu arastirmada, “isbirlikli 6grenmenin animasyonlarla, isbirlikli 6grenmenin
modellerle ve isbirlikli 68renmenin iyi bir egitim icin yedi ilke ile uygulanmasinin kavramsal anlamaya
etkisi nedir?” sorusuna cevap aranmistir.
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Yoéntem
Arastirma Modeli

Aragtirma, On test son test esitlenmemis karsilastirma gruplu vyari-deneysel desene gore
ylratalmistir (McMillan & Schumacher, 2010). Bu desen, bagimsiz degisken ile bagimh degiskenler
arasindaki neden sonug iliskisinin test edilmesine yardimci olabilecegi icin segilmistir.

Orneklem

Arastirma, 2016-2017 6gretim yili bahar yariyilinda Turkiye’de bir devlet Universitesinde fen bilgisi
Ogretmenligi programinda Ogrenim goéren 91 (69 kiz, 22 erkek) birinci sinif 6grencisi ile
gerceklestirilmistir. Orneklem, seckisiz olmayan érnekleme yéntemlerinden uygun érnekleme yéntemine
gore belirlenmistir. Uygun 6rnekleme; zaman, para ve isglicu gibi faktorlere bagh sinirhliklar nedeniyle
orneklemin kolay ulasilabilir ve uygulama yapilabilir birimlerden secilmesidir (Bayukoztirk vd., 2012).
Arastirma slrecinde etik ilkelere uyulmustur. Bu dogrultuda katiimcilar c¢alisma hakkinda
bilgilendirilerek goniillii katilimlar saglanmistir. Ozellikle kisisel bilgilerin gizliligine dikkat edilmistir.
Katihmcilar ilgili 6gretim yilinin giiz yariyiinda genel kimya | ve genel kimya laboratuvari | derslerini
almis, uygulamanin yapildigi yariyilda genel kimya Il ve genel kimya laboratuvari Il derslerini almaya
devam etmislerdir. Ogrenciler, dért deney grubuna [isbirlikli Ogrenme Yoénteminin (i0) uygulandig
deney grubu (D1, n=22), i0 ve lyi Bir Egitim icin Yedi ilke’nin birlikte uygulandigi deney grubu (D2, n=24),
i0 ve animasyonlarin birlikte uygulandigi deney grubu (D3, n=23) ve i ve modellerin birlikte uygulandig
deney grubu (D4, n=22)] seckisiz atanmistir.

Veri Toplama Araglari
Arastirmada veriler dort Modil Test (MT) ile toplanmistir.
Modiil Testler (MT1,2,3,4)

Modul Testler (MT1,2,34), uygulanan yontem ve tekniklerin kavramsal anlamaya etkisini belirlemek
icin kullanilmistir. MT’ler agik uglu ¢izim sorularindan olusmaktadir. MT’lerdeki tiim sorular bulgular
kisminda sunulmus ve her bir soru icin beklenen kavramsal anlama durumlari agiklanmistir. MT’ler (g
asamada gelistirilmistir. ilk asamada, arastirmadaki konularla ilgili alanyazinda kavramsal anlamalari
belirlemek igin yiratilmis bazi arastirmalar [MT:1 (Tien vd., 2007; Uzuntiryaki & Geban, 2005), MT2
(Karpudewan vd., 2015), MTs (Boz, 2009; Tarhan & Acar-Sesen, 2013), MT4 (Acar-Sesen & Tarhan, 2013;
Karsli & Calik, 2012)] géz 6niinde bulundurularak birinci arastirmaci tarafindan gelistirilmistir. ikinci
asamada, testlerin kapsam gecerligi icin biri kimya ikisi fen egitimi G¢ alan uzmaninin gorisiine
basvurulmustur. Son asamada, testlerin giivenirligi icin testler pilot uygulamada fen bilgisi 6gretmenligi
programinda birinci sinifa devam eden 100 6grenciye uygulanmistir. Elde edilen veriler iki fen egitimi
uzmani tarafindan degerlendirilmis ve puanlayicilar arasi tutarhiga bakilmistir. Puanlayicilar arasi
tutarhgin hesaplanmasinda Miles ve Huberman’in (1994) glvenirlik formala
[gtvenirlik=gorusbirligi/(gorusbirligi+goris ayrihig)] kullanilmistir. MT’lerin puanlayicilar arasi tutarlik
katsayilari sirasiyla; MTi: .78; MT2: .85; MTs: .87; MTa4: .83 olarak belirlenmistir. MT’lerin istatistiksel
analizi icin her bir soru; dogru (10-25 puan - Modil Testteki soru ve her bir soru i¢in 6l¢iit olarak
kullanilan kriter sayisina bagli olarak-), kismen dogru (5-12 puan) ve yanhs (0 puan) olarak kategorize
edilmistir. Ornegin, MT4'te bir soru vardir. Soru elektrokimyasal pilin calisma prensibi ile ilgilidir. ilgili
soruda elektrokimyasal pil bes alt soru (elektrotlardaki degisimler, elektrolit ¢ézeltilerdeki degisimler ve
tuz kopristndeki degisim) seklinde incelenerek puanlanmistir. MT4’Gn alt sorularinin tamamina dogru
cevap verildigi takdirde 50 puan, kismen dogru cevap verildiginde 25 puan, yanlis/alternatif
kavrama/bos cevap verildiginde 0 puan alinacaktir. Dogru cevaplar, eksiksiz cevaplardir. Bir sorunun bazi
kisimlarina dogru cevap verilen yanitlar kismen dogru cevaplardir. Tamamen yanlis cevaplar, alternatif
kavramalar ve bos birakilan yanitlar yanlis olarak siniflandirilmistir. Her Modul Testten alinabilecek
maksimum puan 50’dir.
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Uygulama Siireci

Arastirma, bir hafta uygulanacak yontemler (bir ders saati 50dk) ve kimyanin anlasilabilmesi igin
gerekli olan mikroskobik-makroskobik-sembolik diizeylerin (Johnstone, 1982) 6rneklerle agiklanmasi (bir
ders saati) ve dort hafta uygulama (her bir grup icin haftada iki ders saati) olmak tizere bes haftada
gerceklestirilmistir. Uygulamalar genel kimya laboratuvari dersinde yuritilmastir. Arastirmada birinci
arastirmaci tarafindan gelistirilen dort deney gergeklestirilmistir. Bu deneyler sirasiyla; ¢ozeltiler,
ayrisma reaksiyonu, asitler bazlar ve elektrokimya konulari ile ilgilidir. Birinci arastirmaci deneyler igin
konunun teorik bilgisini ve deneyin yapilisini igeren foyler gelistirmistir. Foyler, iki kimya egitimi
uzmaninca incelenmis ve verilen dénitler dogrultusunda gerekli diizeltmeler yapilarak kullanilmigtir. Bir
deneye ait foy ek olarak sunulmustur (Ek-1). Uygulama siireci, birinci arastirmaci tarafindan
ylratalmistir. Uygulamaya baslamadan bir hafta dnce arastirmada ele alinacak biitiin konular deney
gruplari ile paylasilmistir. Her bir 6grenci kendi bulundugu gruptaki (4-5 kisilik) 6grencilerle haftalik
olarak dersten once bir saat (¢calisma saati grup Uyeleri tarafindan belirlenmistir) ve dersten sonra bir
saat olmak Uzere toplamda sinif disinda iki saatlik derse hazirlik ve degerlendirme seklinde isbirlikli
¢alisma yapmalari konusunda yonlendirilmistir. Sinif disi ¢alismalar isbirlikli 6grenme ve yedi ilkenin
birlikte uygulandigi grupta Edmodo isimli bir OYS lizerinden takip edilmistir. Diger gruplarda ise yiiz yiize
derste sinif disi galismalarda karsilasilan problemler ve anlasilmayan kisimlara yonelik birinci arastirmaci
tarafindan uygun doénitler verilmistir. Arastirma siirecinde tiim gruplara ayrilan siire esittir. Yine tim
deney gruplarindaki 6grencilerin edindikleri teorik bilgileri bir Grlin olarak ortaya koymalari i¢in cesitli
etkinler yaptirilmistir.

isbirlikli Okuma Yazma Uygulama Yénteminin Uygulanmasi

Bu grupta (D1), isbirlikli 6grenme yontemlerinden “okuma yazma uygulama yontemi (OYU)”
uygulanmistir. Uygulamaya gecmeden 6nce ilgili haftaya ait MT 6n test olarak uygulanmistir. Daha sonra
Ogrenciler 6nceden belirlenmis gruplarina (4-5 kisilik) gegmis ve okuma asamasina baslamislardir. Bu
asamada gruplara birer adet deney foyu verilerek birlikte okumalari tesvik edilmistir. Okuma
asamasinda, gruplara 15 ila 20 dakika arasinda slire verilmistir. Bltlin gruplarda okuma asamasi
tamamlaninca foyler kaldirilarak yazma asamasina gegilmistir. Yazma asamasinda gruplardan deneye ait
teorik bilgileri ve deneyin nigin yapilacagini iceren bir rapor hazirlamalari istenmistir. Bu asamada da
arastirmaci, sinifta dolasarak grup Uyelerini siirece katilmalari igin so6zIi olarak yonlendirmistir.
Arastirmaci, raporunu tamamlayan gruplarin raporlarini degerlendirmis ve raporlari yeterli gorilen
gruplar uygulama asamasina ge¢mislerdir. Uygulama asamasinda gruplar, arastirmaci tarafindan ders
oncesinde laboratuvardaki masalara konulmus malzemelerle deney diizeneklerini kurmus ve deneylerini
gerceklestirmislerdir. Deneyler yari acik uglu deney yaklasimina gore gerceklestirilmistir (Ergin vd.,
2012). Bu sekilde 6grencilerin birlikte edindikleri bilgileri uygulayarak ortaya ¢ikan sonucu yorumlamalari
saglanmistir. Arastirmaci, bu asamada gruplari dolasarak 6grencilerin ulastiklari sonuglari tanecik
dizeyle iliskilendirme durumlarini kontrol etmis ve gerektiginde donit vermistir. Butlin gruplar
deneylerini tamamladiktan sonra 6grenilen bilgilerin farkli durumlara uygulanabilmesini gérmek igin o
hafta ele alinan konu ile ilgili fakat deneydekinden farkli bir reaksiyon sembolik gosterimde verilerek
ogrencilerin bu reaksiyonu tanecik boyutta géstermeleri istenmis, gerekli durumlarda 6grencilere uygun
donitler verilmistir. Son olarak MT son test olarak uygulanmis ve uygulama tamamlanmistir. MT ler
diger gruplarda da benzer sekilde uygulanmistir.

ishirlikli Okuma Yazma Uygulama Yonteminin Yedi ilke ile Uygulanmasi

Bu grupta (D2) uygulamalar OYU ve yedi ilke ile gerceklestirilmistir. OYU D1’de oldugu gibi
uygulanmistir. Yedi ilkenin bazi ilkeleri isbirlikli 6grenme yonteminde yer aldigi igin ilgili ilkeler
uygulamaya isbirlikli 6grenme ile konulmustur. Bu ilkeler; 6grenciler arasi isbirliginin saglanmasi (ilke 2),
aktif 6grenmenin ise kosulmasi (ilke 3) ve 6grencilere aninda donit verilmesi (ilke 4) seklindedir. Yedi
ilkenin sinif disinda uygulamaya gegirilmesinde ise Edmodo (URL-1) isimli bir Ogrenme Yonetim Sistemi
(OYS) kullaniimistir. Edmodo hem web hem de mobil erisime agik bir OYS’dir. Bu OYS iizerinde bir sinif
olusturulabilmekte bu sinifa eklenen 6grenciler gruplara ayrilarak ¢alisma yapmalari saglanmaktadir.
Ogrenciler OYS Uzerinde siniftaki gruplarina gore gruplara ayrilmistir. OYS, &grencilerin sinifca veya
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grupca bir forum Uzerinden yazil olarak bilgi paylasmalarina firsat sunmaktadir. Bdylece bir 6grencinin
iletisine diger &grenciler yorum yapabilmekte ve konu hakkinda tartisabilmektedirler. Yine OYS
Uzerinden Ogrenciler birbirleri ve arastirmaci ile yazili iletisim kurabilmektedirler. Ayni sekilde
arastirmaci da sinifin tamamina veya dgrenci gruplarina OYS araciligiyla yazil ileti génderebilmektedir.
Bu gruba uygulanacak yontem hakkinda bilgi verilirken Edmodo’nun yontemin bir pargasi oldugu, nigin
ve naslil kullanilacagi agiklanmistir. Edmodo arayiiz olarak yaygin kullanilan bir sosyal medya platformuna
(facebook) benzedigi (Dinger & Balaman, 2019) igin kolay anlasilacag dusiiniilerek tercih edilmistir. Bu
deney grubundaki her bir grup arastirma konularindan birini secerek proje olarak hazirlamis ve konu ile
ilgili deney yapildigi hafta deneyden sonra projelerini sinifa sunmuslardir. Proje igerigi; konu hakkinda
teorik bilgi toplanmasi ve konunun tanecik diizey ile iligkilendirilmesi igin 6grencilerin diledikleri
malzemeleri kullanarak bir ders materyali gelistirmeleri seklindedir (ilke 7). Bir 6grenci grubunun
hazirladigi materyal Sekil 1'de sunulmustur. Her proje sinifa sunulduktan sonra arastirmaci sunum yapan
gruba konu ile ilgili “neden?”, “ni¢in?” ve “nasil?” (6rnegin, asit baz titrasyonunda renk degisimi)
sorularini sorarak agiklama yapmalarini istemistir. Bu gruptaki 6grenci gruplari proje konulari ile ilgili 6ne
¢tkan bilim adamlarinin (6rnegin, kimyasal denge, Le Chatelier) yasamoykiilerini arastirarak tim
uygulamalarin tamamlandigl hafta sinifa sunmuslardir. Bu sekilde 6grencilerin bilim insanlarini yakindan
taniyarak kendi beklentilerini ylikseltmeleri ve derse karsi gabalarinin arttirilmasi amaglanmistir (ilke 6).
Edmodo ile 6grencilerin sinif disinda isbirligi icerisinde ¢alismalarini yirtatmeleri takip edilmis (ilke 2) ve
6grenme sirecine aktif katilimlari (ilke 3) saglanmaya calisiimistir. Bunun igin 6grenciler haftalik olarak
kendilerinin belirledigi bir saatte Edmodo Uzerinden bilgi alis verisinde bulunmus ve projelerini
hazirlamislardir. Yine 6grencilerin birbirleri ve arastirmaci ile iletisim kurmalari (ilke 1) amaciyla Edmodo
kullanilmistir. Ogrenciler zaman sinir olmaksizin arastirma konulari hakkindaki sorularini Edmodo
Gzerinden arastirmaciya yoneltmis ve sorulara glinubirlik donat verilmistir (ilke 4). Son olarak
arastirmaci 6grencilerin proje calismalarini haftalik olarak Edmodo (zerinden incelemis ve gerekli
donutler verilerek projelerin zamaninda tamamlanmasi saglanmistir (ilke 5). Ayrica bu incelemeler ile
ogrencilerin alternatif kavramalari tespit edilerek gerekli donttler verilmistir (ilke 4).

Aoalia QY1§Ma, Sendes birlegme demektin
Huna aa'e karmagk. Japth bir  maddenin

daka  basit Yopda  maddelece dsapsmesine
("U'Mm) anala  feptimesi denir,

: 0 \yanlagma
Segen |yorbesmast e
Su azda Oka hideayum v Aokl W&Qg;“‘,f4°“—
upnlacing a4f 1ote 20 nedene 0340 HA | penge bl
elekleiv ocimat Mebie s-g\mu-\w- KJ"O“JCG\T}
frasi bositce Ha0 % HEt ON” getinde
_posterdin 5 -

Sekil 1. Yedi ilke Kapsaminda Ogrencilerin Hazirladigi Bir Ders Materyali (Suyun fyonlasmasi)

isbirlikli Okuma Yazma Uygulama Yénteminin Animasyonlar ile Uygulanmasi

Bu deney grubunda (D3) OYU ve animasyonlar birlikte uygulanmistir. Animasyonlar, gesitli web
sitelerinden alinmistir (URL-2, 2016; URL-3, 2016; URL-4, 2016; URL-5, 2016; URL-6, 2016).
Animasyonlarin konu kavram ve kazanimlarina uygunlugu ikisi kimya biri fen egitimi alaninda ¢ uzman
tarafindan incelenmistir. Animasyonlarin teknik 6zellikleri bir bilgisayar ve 6gretim teknolojileri alan
uzmani tarafindan incelenmistir. Animasyonlar kimyasal/fiziksel reaksiyonlari tanecik dizeyde
gosterecek tasarima sahiptir. Animasyonlarin web (izerinden oynatilmasi i¢in gereken yazilim 2021 yili
itibariyla ilgili sirket tarafindan desteklenmemektedir (URL-7, 2022). Bu sebeple arastirmada kullanilan
animasyonlardan birine ait gorseller (animasyonda elektrokimyasal hicrenin bilesenlerindeki
degisiklikleri makro ve mikro seviyede gostermektedir) Sekil 2’de sunulmustur. OYU, D1 grubundaki gibi
uygulanmistir. Animasyonlar, stirece OYU’nun uygulama asamasi tamamlandiktan sonra dahil edilmistir.
Uygulama asamasindan sonra animasyonlar sinifa bilgisayar ve projeksiyon araciligiyla sunulmustur.
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Animasyon sunumundan sonra gruplara animasyondaki “reaksiyonun agsamalarinin neler oldugu” “bu
asamalarda gergeklesen reaksiyonlarin tlrd”, “reaksiyonun baslangicinda ve sonunda, madde miktarlari
ve fazlarin nasil etkilendigi” sorularini igeren bir ¢alisma yapragi verilerek grup tartismasi yapmalari ve
calisma yapragindaki sorulari cevaplandirmalari istenmistir. Arastirmaci, ¢alisma yapragindaki sorulari
cevaplayan gruplari dolasmis ve cevaplari incelemistir. Ogrencilere “neden?”, “nigin?” ve “nasil?”
sorularini yonelterek cevaplarini nasil gerekgelendirdiklerini kontrol etmistir. Gerekli durumlarda

ogrencilere donit verilerek uygulama tamamlanmistir.

Voltmetre 11V Voltmetre 1V
e = 5 / e e m e

¢inko
elektrot

Zn(NO;), sozeltisi Cu(NO; ), sozeltisi Zn (No; ), gbzeltisi Cu (NO, ), sozeltisi

Makro dizeydeki degisimler

Mikro dizeydeki degisimler

¢ C .
In Zn2+ e

Anottaki defisun

¢ ® .
Cu Cu2* e

Katottaki degigim

Sekil 2. Elektrokimyasal Pildeki Degisimi Makro Ve Mikro Boyutta Gésteren Animasyonun Bir Kismi

isbirlikli Okuma Yazma Uygulama Yénteminin Modeller ile Uygulanmasi

Bu grupta (D4) OYU yontemi ve modeller birlikte uygulanmistir. OYU diger gruplardaki gibi
uygulanmistir. OYU’nun uygulama asamasindan sonra 6grencilerden deneylerde gergeklesen olaylari
oyun hamurlari ve top-cubuk modelleriyle tanecik boyutta modellemeleri istenmistir. Ogrenciler ilk
olarak deneydeki reaksiyonu bir kagida sembolik gosterimle yazmislardir. Daha sonra reaksiyonun
tiriine gore modeldeki taneciklerin buyukligine hangi rengin hangi tanecigi temsil edecegine ve
kullanilacak sembollere grup tartismasiyla karar verilmistir. Model 6nce sembolik gosterimin yer aldig
kagida cizilmistir. Daha sonra modelin hangi kismini kimin yapacagi belirlenerek calismaya baslaniimistir.
Modellerini tamamlayan gruplar ¢alismalarini arastirmaciya sunmuslardir. Ornek bir model Sekil 3'te
sunulmustur. Arastirmaci, tamamlanan modelleri kontrol etmis ve anlasilmayan/agiklanamayan kisimlar
icin gruplara doniit vermistir.

N

Sekil 3. AgNOs ve Ki ¢ézeltilerinin karistiriimasi ile gerceklesen reaksiyon-dn modellenmesi
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Veri Analizi

Analiz 6ncesinde Modiil Testlere (MT) birer kod verilmistir. Ornegin, D1-03 birinci deney grubu
liciincU siradaki 6grenciyi gostermektedir. Elde edilen veriler incelendiginde verilerin normal dagilim
gosterdigi belirlenmis, bu dogrultuda veriler betimleyici istatistik ve parametrik testlerden tek yonli
varyans analizi ile ¢oziimlenmistir. Normal dagilimla birlikte varyanslarin homojen dagildigi durumlarda
post-hoc testlerinden Scheffe testi varyanslarin homojen dagilmadigi durumlarda Games-Howell testi
uygulanarak ¢oklu karsilastirma yapilmistir. Kargilastirmalarin agik bir sekilde ortaya konabilmesi igin
uygulama etkisi, eta-kare (n?) etki biiyiikliigi katsayisi ile hesaplanmistir.

Bulgular

Bu kisimda Modil Testlerden (MT) elde edilen nicel bulgular sunulmustur. Ayrica 6grencilerin
kavramsal anlamalarini agik¢a ortaya koymak icin her bir MT’nin On test ve son test uygulanmasindaki
cizimlerde tespit edilen alternatif kavrama 6rneklerine yer verilmistir. Tim deney gruplarinda benzer
alternatif kavramalar tespit edildigi icin ¢izim sekilleri bakimindan gruplar arasinda farklilasma
olmadiginin hatirda tutulmasi yerinde olacaktir.

MT1'den elde edilen bulgular

MT1'in 6n ve son test olarak uygulanmasindan elde edilen betimleyici istatistikler ve ANOVA
sonuglari Tablo 1’de verilmistir.

Tablo 1.
MT: On Test ve Son Testte Elde Edilen Verilerin Betimleyici istatistikleri ve ANOVA Sonuglari
Testler  Gruplar N X* SS  Karelerin Toplami df Karelerin Ortalamasi F p
D1 26 18.42 10.07
D2 22 17.00 7.33
D3 23 17.43 9.40
Ontest D4 21 18.43 8.61
Gruplar arasi 41.964 3 13.988 174 0.91
Gruplar igi 7088.949 88 80.556
Toplam 7130.913 91
Sontest D1 26 20.62 8.00
D2 22 36.18 6.64
D3 23 3422 7.23
D4 21 28.90 13.84
Gruplar arasi 4669.648 3 1556.549 18.251 0.00
Gruplar igi 7505.341 88 85.288
Toplam 12174.989 91

Anlamli fark D1-D2**, D1-D3"*, D1-D4™*
*Maksimum 50 puandir. ““Anlamli farkin lehine oldugu grubu gésterir.

Tablo 1’e gére 6n testte ve son testte en yiliksek ortalamaya sahip gruplarin sirasiyla D4 ve D2 oldugu
gorilmektedir. MT1'in On test olarak uygulanmasindan gruplar arasinda istatistiksel olarak anlamli bir
fark belirlenmemistir (Fz-901) = 0.174; p >0.05). Son testte gruplar arasinda istatistiksel olarak anlamli bir
fark belirlenmistir (Fz-91) = 18.251; p <0.05). Bu farkin hangi grup lehine oldugunu belirlemek icin Games-
Howell testi uygulanmistir. Games-Howell testine gére D2, D3 ve D4 ile D1 arasinda D2, D3 ve D4 lehine
istatistiksel anlamli bir farkhlik belirlenmistir. Bu sonucun ortaya ¢ikmasinda bagimsiz degiskenlerin
roliiniin eta-kare degeri (n2=0.38) ile genis diizeyde oldugu tespit edilmistir.

MT1’in 6n-son test olarak uygulanmasindan elde edilen alternatif kavrama ornekleri

Soru 1: Asagida Sekil a’da verilen 2mL 1M Pb(NOs): ile Sekil b’de verilen 2mL 1M KI ¢ozeltilerini tanecik
boyutta ciziniz.
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(0: Pb?, ®: NO3, a: K*, 4:1)

$ek|I a) 2mL 1M Pb(NOE))Z(suda)

TN
//

Sekil b) 2mL 1M Kl(suda)

Sekil a kismi icin égrencilerden ¢ézeltideki Pb?* iyonlarinin NOs iyonlarinin yarisi oraninda, iyonlarin
homojen dagildigi ve su molekiilleri ile gevrili olduklari igin birbirlerinden uzakta olacak sekilde gcizmeleri
beklenmektedir. Sekil b kisminda ise K* ve I iyonlarindan esit sayida ¢izilmesi, iyonlarin homojen dagildigi
ve su molekdiilleri ile gevrili olduklari i¢in birbirlerinden uzakta gdsterilmesi beklenmektedir.

Birinci sorunun Sekil a kismi ile ilgili alternatif kavrama iceren érnekler Sekil 4’te sunulmustur.

On test gizim érnekleri

Son test ¢izim 6rnekleri

7 C® \
e S ;.‘
3 \\\ ///

\J 7\*\5:\»\_‘/,/’/

D161
Sekil a) 2mL 1M Pb(NO3)2(sq

yd /co- ‘
/
< ‘\0 ooP
& .

D3-03
Sekil 2) 2mL 1M Pb(NO3)2aq)

D1-019

Sekil 2) 2mL IM Pb(NO3)2aq)

N
N—

D367
Sekil a) 2mL 1M PbNOx)sq

P .

!

L

D2-012
Sekil a) 2mL 1M Pb(NO3)2(aq)

<

,"/—‘ 7"".
7 ) N\
A ./o @ \
i \

( —0—o ‘1

bl |

E
-\ 5
‘\_m 4 ~—.__®_ -

D4-07
Sekil a) 2mL 1M Pb(NO3:)2(aq

Sekil 4. MT: Soru 1, Sekil a Kismi ile ilgili Alternatif Kavrama iceren Cizim Ornekleri

Sekil 4’'teki cizimler incelendiginde; 6grencilerin ¢ozelti icindeki kursun ve nitrat iyonlarini bitisik
sekilde cizdikleri (tim &rnek cizimler), iyonlari heterojen forma gére cizdikleri gériilmektedir (D1-019).
Bazi 6grenciler kursun ve nitrat iyonlari arasindaki orana dikkat etmislerdir (D1-019, D2-012, D3-03, D4-
07). Fakat bazi 6grencilerin katsayilari yanlis iliskilendirdikleri gériilmektedir (D3-07). Ayrica bir dgrenci
bir bilesigin molekiillerinin farkli molekiiler geometriye sahip olacak sekilde ¢izmistir (D4-07).

Sekil b kismi ile ilgili alternatif kavrama iceren ornekler Sekil 5’te sunulmustur.
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M

D1-019
Sekil b) 2mL IM Kl
oo
S AA

D3-03
Sekil b) 2mL IM Kljaq)

&y B WS-

A
— ~ \ 3
@

D2-012

SCKI] b) 2mL IM KI aq)

< B

D4-07
Sekil b) 2mL IM Klag)

| #

< ;
D3-06
Sekil b) 2mL 1M Klag

p

D4-015
Sekil b) 2mL 1M Klag)

Sekil 5. MT: Soru 1, Sekil b Kismi ile ilgili Alternatif Kavrama iceren Cizim Ornekleri

Sekil 5’teki gizimler incelendiginde; bazi 6grenciler potasyum ve iyot iyonlari arasindaki orana dikkat
etmis, fakat iyonlari heterojen dagilima gore cizmislerdir (D1-019). Bazi 6grenciler ise farkli iyonlar
arasindaki orana dikkat etmelerine ragmen iyonlan bitisik cizmislerdir (D2-012, D3-06, D3-03, D4-07,
D4-15). Bazi 6grenciler ise, potasyum iyodiri iyonlarina ayirmadigi gibi tanecikleri farkh sekilde
birlestirerek ¢izmistir (D4-07).

Soru 2:

Asagidaki a deney tlpindeki 2mL 1M Pb(NOs): ¢ozeltisi ile b deney tlpiindeki 2mL 1M Kl ¢ozeltisi bir

cam huni yardimiyla ¢ deney tlpiinde karistiriliyor ve Pb(NO3)2(suda) + 2Kl(suda)

- Pblak) + 2KNO3(suda)

denklemine gore reaksiyon gergeklesiyor. Karisimin son halinde hangi tanecik tdrlerinin oldugunu
gosteriniz.

(0: Pb?*, ®: NOs, a: K*, 21 I,

0: Pblz)

Bu soruda ddrencilerden ¢ékelme reaksiyonu sonrasinda Pbl: molekiil sayisinin K* ve NOsiyonlarinin
yarisi oraninda K* ve NOs™ iyonlarindan ise esit sayida ¢izilmesi beklenmektedir. Pblz kati hdlde oldugu igin
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taneciklerinin birbirine oldukga yakin, K* ve NOs™ iyonlarinin ise su ile gevrili olduklari i¢in birbirlerinden
uzakta ¢izilmesi beklenmektedir.

Bu soru ile ilgili alternatif kavrama iceren érnekler Sekil 6’da sunulmustur.

B> C SN -

On test gizim 6rnekleri

Son test ¢izim 6érnekleri

Sekil 6. MT: Soru 2 ilgili Alternatif Kavrama lgeren Cizim Ornekleri

Sekil 6’daki cizimler incelendiginde; bazi 6grenciler, iyot ve kursun iyonlarinin dibe ¢okecegi fakat
veni bir bilesik olusturmayacaklari sekilde ayni zamanda ¢ozelti kisminda kalan nitrat ve potasyum
iyonlarini da heterojen bir sekilde cizmislerdir (D1-019). Bazi dgrenciler ¢ozelti icindeki potasyum ve
nitrat iyonlarini bitisik sekilde gdstermislerdir (D2-022, D3-06). Bazi 6grenciler ise ¢okelti halindeki
kursun (Il) iyodira olusturan tanecikleri ¢ozeltideki iyonlar seklinde ¢izmis, ¢ozelti kismindaki iyon
sayilarinin oranina dikkat etmemislerdir (D4-016).

MT2'den elde edilen bulgular

MT2'nin 6n ve son test olarak uygulanmasindan elde edilen betimleyici istatistikler ve  ANOVA
sonuglari Tablo 2’de verilmistir.
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Tablo 2.
MT: On Test ve Son Testte Elde Edilen Verilerin Betimleyici Istatistikleri ve ANOVA Sonuglari
Testler Gruplar N X* SS Karelerin Toplami df Karelerin Ortalamasi F o]
D1 22 19.73 10.28
D2 24 20.42 8.45
D3 23 23.87 11.73
Ontest D4 23 2452 13.59
Gruplar arasi 398.618 3 132.873 1.067 0.36
Gruplar igi 10954.545 88 124.483
Toplam 11353.163 91
Sontest D1 22 2495 10.51
D2 24 36.17 8.85
D3 23 36.22 8.46
D4 23 35.87 8.93
Gruplar arasi 2075.658 3 691.886 8.174 0.00
Gruplar igi 7448.810 88 84.646
Toplam 9524.467 91

Anlamli fark D1-D2**, D1-D3"*, D1-D4™*

*Maksimum 50 puandir. “"Anlamli farkin lehine oldugu grubu gésterir.

Tablo 2’ye gore On testte ve son testte en yiksek ortalamaya sahip gruplarin sirasiyla D4 ve D3
oldugu gorilmektedir. MT2'nin 6n test olarak uygulanmasindan gruplar arasinda istatistiksel olarak
anlamli bir fark belirlenmemis (Fiz-91) = 1.067; p >0.05), sont estte ise gruplar arasinda istatistiksel olarak
anlamli bir fark belirlenmistir (Fz.91) = 8.174; p <0.05). Bu farkin hangi grup lehine oldugunu belirlemek
icin Scheffe testi uygulanmistir. Scheffe testine gére D2, D3 ve D4 ile D1 arasinda D2, D3 ve D4 lehine
istatistiksel anlamli bir farkhlik belirlenmistir. Bu sonucun ortaya ¢ikmasinda bagimsiz degiskenlerin
roliiniin eta-kare degeri (n?=0.21) ile genis diizeyde oldugu tespit edilmistir.

MT2’nin 6n-son test olarak uygulanmasindan elde edilen alternatif kavrama 6rnekleri
Soru 1: Sekildeki deney tiipiinde bir miktar Potasyum klorat (KClO3()) bulunmaktadir. Baslangigta deney
tipundeki KCIOsk)'1 ve asagida verilen reaksiyona gore islem uygulandiktan sonra suyun igerisine ters

daldirlmis tipan dst kismindaki boslukta bulunan maddeleri tanecik boyutta ciziniz (KClO3w: &, O2: A,
KClg: © suyun icerisine daldirilmis olan tiip tamamen su ile doldurularak su dolu kap icerisinde ters

cevrilmistir).

Is1
KCl0s3 10 — » KClao +3/2 Oay
Katalizor (MnQy2)

Bu soruda KClOs3 ve KCI taneciklerinden esit sayida Oz’den ise diger bilesiklerin tanecik sayilarinin bir
buguk kati kadar tanecik ¢izilmesi beklenmektedir. Ayrica kati formdaki taneciklerin birbirine olduk¢ca
yakin, gaz maddenin taneciklerinin ise birbirinden oldukca uzak ve icerisinde bulundugu kapta (su
icerisine ters daldirilan meziiriin st kisminda) homojen olarak dadilacak sekilde ¢izilmesi

beklenmektedir.

Bu soru ile ilgili alternatif kavrama igeren érnekler Sekil 7’de sunulmustur.
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Sekil 7. MT: Soru 1 ile ilgili Alternatif Kavrama lceren Cizim Ornekleri

Sekil 7’deki gizimler incelendiginde; 6grencilerin kati haldeki potasyum klorati kati forma uygun
olarak gizmedikleri (D1-08) 1sil islem sonrasinda potasyum klorati su igerisinde ters cevrilmis meziiriin
st kisminda oksijen gazi ile birlikte gaz formda gizmislerdir (D2-09, D4-0O11). Bazi 6grenciler deney
tipundeki potasyum klorati kati formda, mezirin st kisminda ise potasyum klorati sivi formda olacak
sekilde cizdikleri fakat oksijen gazini gizmedikleri goériilmektedir (D4-06). Yine 6rnek cizimlerde
potasyum klorire yer verilmedigi gérilmektedir.

MTs’ten elde edilen bulgular

MT3’Un 6n ve son test olarak uygulanmasindan elde edilen betimleyici istatistikler ve ANOVA
sonuglari Tablo 3'te verilmistir.

Tablo 3.
MT;s On Test ve Son Testte Elde Edilen Verilerin Betimleyici istatistikleri ve ANOVA Sonuglari
Testler Gruplar N X* SS  Karelerin Toplami df Karelerin Ortalamasi F o]
D1 23 18.09 7.30
D2 24 17.58 7.55
D3 23 1835 7.66
Ontest D4 22 20.00 7.26
Gruplar arasi 74.080 3 24.693 445  0.72
Gruplar igi 4880.877 88 55.465
Toplam 4954.957 91
Sontest D1 23 18.61 7.57
D2 24 38.17 7.46
D3 23 3135 7.87
D4 22 3277 7.82
Gruplar arasi 4788.760 3 1596.253 27.097 0.00
Gruplar igi 5183.893 88 58.908
Toplam 9972.652 91

Anlamli fark D1-D2", D1-D3"", D1-D4™", D2"*-D3
*Maksimum 50 puandir. ““Anlamli farkin lehine oldugu grubu gésterir.
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Tablo 3’e gore On testte ve son testte en yiiksek ortalamaya sahip gruplarin sirasiyla D4 ve D2 oldugu
gorilmektedir. MT3’lin 6n test olarak uygulanmasindan gruplar arasinda istatistiksel olarak anlamli bir
fark belirlenmemistir (Fz-91) = 0.445; p >0.05). Son testte gruplar arasinda istatistiksel olarak anlamli bir
fark belirlenmistir (Fz-91) = 27.097; p <0.05). Bu farkin hangi grup lehine oldugunu belirlemek igin Scheffe
testi uygulanmistir. Scheffe testine gére D2, D3 ve D4 ile D1 arasinda D2, D3 ve D4 lehine ve D2 ile D3
arasinda D2 lehine istatistiksel anlamli bir farklilik belirlenmistir. Bu sonucun ortaya ¢ikmasinda bagimsiz
degiskenlerin roliiniin eta-kare degeri (n?=0.48) ile genis diizeyde oldugu tespit edilmistir.

MT3'iin 6n-son test olarak uygulanmasindan elde edilen alternatif kavrama oérnekleri

Soru 1: Asagida verilen titrasyon diizeneginde biiretin igine 0,4 molar 40mL Hidroklorik asit(HCI) ¢ozeltisi
konuluyor. Erlenin igine ise 20mL Sodyum hidroksit (NaOH) ¢6zeltisi konuluyor. Erlen igerisine bir kag
damla fenolftalein damlatiliyor. Biretin muslugu acilarak titrasyon islemi baslatiliyor. Blretten ¢ozelti
alinirken ayni zamanda erlen calkalaniyor. Biiretten 10mL HCI kullanilarak titrasyon islemi tamamlaniyor.

Erlende; NaOH(ag) + HCl{ag) - NaCllag) + H20(s)
denklemine gére reaksiyon gergeklesmektedir.

(H: 4, OH: &, Na*: ©, CI': @, 1milimol 1 tanecik ile temsil edilecektir)

Titrasyon bittikten sonra biret ve erlendeki iyonlari tanecik boyutta gosteriniz. Ciziminizde sadece
reaksiyon sonrasinda olusacak suyu tanecik diizeyde gosteriniz.

| .

Bu soruda titrasyondan 6nce miktari ve konsantrasyonu verilen ¢ézeltilerin konsantrasyonlarinin
tanecik diizeyle iliskilendirilmesi titrasyondan sonra ise standart ¢ézelti kisminda birbirine esit sayida
H*/H30* ve CI iyonu cizilmesi beklenmektedir. Yine nétralizasyonun gerceklestigi kissmda birbirine esit
sayida Na*, CI iyonlari ve H20 molekiiliiniin tanecik diizeyde cizilmesi beklenmektedir. Ayrica iyonlar su
ile ¢evrili olduklari icin birbirlerinden ayri olacak sekilde ¢izilmelidir.

Bu soru ile ilgili alternatif kavrama iceren ornekler Sekil 8 de sunulmustur.
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Sekil 8. M Tz Soru 1 ile ilgili alternatif kavrama iceren ¢izim érnekleri

Sekil 8'deki gizimler incelendiginde; Ogrencilerin, biretteki ve titrasyon sonucu erlendeki iyonlari
bitisik cizdikleri gériilmektedir (D1-012, D2-011). Bazi 6grencilerin, titrasyon sonucunda erlende sadece
suyu olusturan hidronyum ve hidroksit iyonlarinin olacagi sekilde c¢izim vyaptiklari (D1-09) bazi
ogrencilerin ise titrasyon sonucunda erlende olusan suyu tanecik boyutta gosteremedikleri gibi
baslangicta verilen madde miktarlarina da dikkat etmedikleri gériilmektedir (D1-05).

MT4’ten elde edilen bulgular

MT4'in 6n ve son test olarak uygulanmasindan elde edilen betimleyici istatistikler ve ANOVA
sonuglari Tablo 4’te verilmistir.

Tablo 4.
MT4 On Test ve Son Testte Elde Edilen Verilerin Betimleyici istatistikleri ve ANOVA Sonuglari
Testler Gruplar N X* SS  Karelerin Toplami df Karelerin Ortalamasi F o]
D1 21 11.33 4.67
D2 24 11.83 5.21
D3 22 1145 475
Ontest D4 16 11.19 4.86
Gruplar arasi 4.831 3 1.610 .067 0.97
Gruplar igi 1887.892 79 23.897
Toplam 1892.723 82
Sontest D1 21 1490 8.99
D2 24 36.92 8.94
D3 21 28.62 14.21
D4 16 37.13 10.10
Gruplar arasi 6732.533 3 2244.178 19.393 0.00
Gruplar igi 9026.345 78 115.722
Toplam 15758.878 81

Anlamli fark D1-D2**, D1-D3**, D1-D4™*

*Maksimum 50 puandir.

*Anlamli farkin lehine oldugu grubu gésterir.
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Tablo 4’e gore On testte ve son testte en yiiksek ortalamaya sahip gruplarin sirasiyla D2 ve D4 oldugu
gorulmektedir. MT4'lin On test olarak uygulanmasindan gruplar arasinda istatistiksel olarak anlamh bir
fark belirlenmemis (Fz-s2) = 0.067; p >0.05) son testte ise gruplar arasinda istatistiksel olarak anlamli bir
fark belirlenmistir (Fz-s1) = 19.393; p <0.05). Bu farkin hangi grup lehine oldugunu belirlemek igin Scheffe
testi uygulanmistir. Scheffe testine gore D2, D3 ve D4 ile D1 arasinda D2, D3 ve D4 lehine istatistiksel
olarak anlamli bir farklilik belirlenmistir. Bu sonucun ortaya g¢ikmasinda bagimsiz degiskenlerin roliiniin
eta-kare degeri (n?=0.42) ile genis diizeyde oldugu tespit edilmistir.

MT4'iin 6n-son test olarak uygulanmasindan elde edilen alternatif kavrama oérnekleri

Soru 1:

B‘ ° \
[0 @ @
e oo
o ©®
ZnS04(aq) . : CuSOsgsq)
10mmoL [~—T7>_10mmoL
/ /045 O\
l/. (“D_’E Do |\
{ | {°o%0o o)
\ / \@ 0O o/ .
A 0 oQ/ E

(K*: A ,Cl: A,S0s%: O, Zn: @, Cu: W, Zn2*: O, Cuz*:0)
Sekilde bir elektrokimyasal pil verilmis ve pil calismaya baslamadan o6nce pili olusturan kisimlarda
bulunan maddeler tanecik boyutta gosterilmistir.

Yukaridaki sekilde verilen pil bir siire ¢alistirihp sonra durduruluyor. Pil durduruldugunda A, B, C, D ve E
balonlarinda son durumda hangi taneciklerin ve hangi miktarda bulundugunu tanecik boyutta gosteriniz.

Bu soruda ¢inko elektrotun (anot) ¢ézeltide kalan kismindaki tanecik sayisinda azalma, elektrolit
¢ézeltisinde Zn** iyon sayisinda artis ve yine bu ¢ézelti icerisine tuz képriisiinden gelen CI iyonlarinin
cizilmesi beklenmektedir. Bakir elektrotun (katot) ¢6zeltideki kisminda tanecik sayisinda artma, elektrolit
¢ézeltisinde Cu?* iyon sayisinda azalma ve bu ¢ézelti icerisine tuz képriisiinden gelen K* iyonlarin cizilmesi
beklenmektedir. Ayni zamanda tuz képriisiindeki iyonlar elektrotlarin bulundugu ¢ézeltilere gectigi icin
buradaki her iki iyon tiiriiniin sayisi azaltilarak ¢izim yapiimalidir.

Bu soru ile ilgili alternatif kavrama iceren ornekler Sekil 9’da sunulmustur.
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ZnSOssg)

On test gizim 6rnekleri

Son test ¢izim ornekleri

Sekil 9. MT4 Soru 1 Alternatif Kavrama iceren Cizim Ornekleri

Sekil 9’daki cizimler incelendiginde; 6grencilerin anotta tanecik sayisinin azalacagi, katotta tanecik
sayisinin artacagl fakat tuz kdprusundeki iyonlarin elektrolitlere esit olarak dagilacagi ve pildeki geri
kalan iyonlarin tamaminin tuz képriisiine gececegi (D1-06) elektrokimyasal pilin galismasi sonucunda
elektrotlarda ve tuz kdprisiinde bir degisiklik olmayacagi, silfat iyonlarinin anotun bulundugu ¢ozeltide
cinko ve bakir iyonlarinin ise katotun bulundugu c¢oOzeltide toplanacagi sekilde cizim yaptiklar
gorilmektedir (D2-04). Bazi 6grenciler, indirgenme reaksiyonunun ¢inko elektrotta olacagi sekilde ¢izim
yapmis ve dolayisiyla tuz koprisiinden pozitif yikli iyonlarin ginko elektrotun bulundugu c¢ozeltiye
negatif yukli iyonlarin ise bakir elektrotun bulundugu ¢ozeltiye gececek sekilde ¢izim yapmislardir (D3-
02). Bazi dgrenciler ise elektrokimyasal pilin ¢alismasi sonucunda tuz képriisiindeki iyonlarin tuz
kdprusunde kalacagi sekilde gizim yapmis ve ayni zamanda tuz koprisindeki pozitif yikli iyon sayisini
bir azaltarak negatif yiiklii iyon sayisini bir artirarak ¢gizim yaptiklari gériilmektedir (D4-06).

Tartigma ve Sonug

Bu arastirmada, isbirlikli 6grenmenin animasyonlar, modeller ve yedi ilke ile ayri ayri uygulanmasinin
kavramsal anlamaya etkisi incelenmistir. Bu kisimda ilk olarak uygulanan yontemlerin ulasilan sonuca
etkileri tartisiimistir. ikinci olarak her bir Modil Test ile ilgili anlamalar ilgili literatiirle tartisilarak
sunulmustur.

Arastirma bulgularina gore isbirlikli 6grenmenin yedi ilke ile birlikte uygulanmasinin, isbirlikli
o6grenmenin modellerle birlikte ve isbirlikli 6grenmenin animasyonlarla birlikte uygulanmasinin
kavramsal anlamayi daha fazla arttirdigi acikga goriilmektedir. Modiil Testlerin hepsinde D1 grubu ile D2,
D3, D4 gruplari arasinda D2, D3, D4 gruplari lehine anlamli farkhhk belirlenmistir. Eta-kare degerleri bu
uygulamalarin sonuglar zerindeki etkisinin genis dizeyde (Cohen, 1988) oldugunu desteklemektedir.
Diger ikili karsilastirmalarda MTs’te D2 ile D3 arasinda D2 lehine anlamh bir farklihk belirlenmistir. MTa
haricinde diger testlerde ortalama puanin en gok arttigi deney grubu D2 olmustur. MT4 ise en fazla artis
D4 grubunda olmustur. isbirlikli 6grenmenin yedi ilke ile uygulandigi grupta bir Ogrenme Yénetim
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Sistemi (OYS) kullaniimasi &grencilerin birbirleri ve dgretmenle iletisimini daha fazla artirmistir. Bu
durumun 6grencilerin sosyal etkilesimlerini daha fazla artirarak 6§renmelerinde olumlu etki olusturdugu
distnilmektedir. Cunkli sosyal etkilesimler, kavramsal yapilarin zihinde olusturulmasini olumlu
etkilemektedir (Weir, 2004). Yine bu gruptaki 6grenciler OYS ile sinif disinda daha fazla isbirligi yapma
imkani bulmuslardir. D2 grubunda calismalarin OYS ile takip edilmesi ve gerekli durumlarda déniit
verilmesi sinif disi etkinliklerin zamaninda yapilmasini saglamistir. Bu uygulamalarin 6grencilerin
kavramsal anlamalarini artirmig oldugu ¢ikarimi yapilabilir. Ayni zamanda arasgtirma dahilindeki konularla
ilgili proje hazirlayarak sinifta sunmalari ve bu sunumlarin tartisilmasi esnasinda donutler almalari
sebebiyle diger gruplardaki 6grencilerden daha fazla donit aldiklari séylenebilir. Doniitlerin 6grenmede
sonraki adimlara rehberlik ettigi géz 6ninde bulunduruldugunda grubun basarisinda déniitlerin etkili
oldugu ¢ikarimi yapilabilir (Brown vd., 2016). Diger bir husus ise 6grencilerden makro-mikro ve sembolik
boyutu birbirleriyle iliskilendirirken diledikleri malzemeleri kullanarak bir materyal gelistirmis
olmalaridir. Bu materyallerin gelistirilmesi stirecinde 6grencilerin mevcut bilgilerinin tespit edilmesi ve
uygun donitlerin verilmesi kavramsal anlamalarini artirmis olabilir. Clinki materyal gelistirme siirecince
ogrencilerin 6n bilgilerinin tespit edilmesi ve uygun dondtlerin verilmesi kavramsal anlayiglarini olumlu
sekilde etkilemektedir (Karatas vd., 2003).

Modellerin isbirlikli 6grenme ile uygulandig grupta ise 6grencilerin modelleri bizzat yapmalarinin
anlamalarinda etkili oldugu yorumu yapimistir. Yaseen’in (2018) yuruttigi ve modellerin 6grenciler
tarafindan gelistiriimesinin 6grenmelerini olumlu yénde etkiledigi sonucuna erisilen arastirma bu
yorumu desteklemektedir. Ayni zamanda kimyasal olaylarin molekiler diizeyde gorsellestiriimesi
(Cloonan vd., 2011; Hoe & Subramaniam, 2016) ve mikroskobik boyutta gerceklesen reaksiyonlarin
ogretiminde makroskopik boyutta yeniden diizenlenebilir modeller kullaniimasi 6grencilerin kavramsal
anlamalarina yardimci olmaktadir (Cloonan vd., 2011; Yaseen, 2018). Animasyonlarin isbirlikli 6grenme
ile uygulandigi grupta, animasyonlarin mikro boyuttaki durumlari gérinir hale getirmesinin tanecik
boyutta anlamaya yardimci oldugu sdylenebilir. Ancak bu gruptaki 6grencilerin kavramsal anlama
seviyelerinin D2 ve D4 grubundan daha disik diizeyde olmasi 6grencilerin animasyonlara midahale
edememeleri ve bir yonlyle pasif izleyici pozisyonunda kalmalari ile iliskilendirilerek yorumlanmustir.
Fakat literatlirde bircok arastirmada animasyonlarin tanecik diizeyde anlamaya yardimci oldugu
belirlenmistir (Karacop & Doymus, 2013; Ozmen, 2011; Williamson & Abraham, 1995). Ayrica tiim deney
gruplarinda MT’lerde ¢izim sekli olarak benzer yanilgilar tespit edilmistir. Bu durum o&grencilerin
kavramsal bilgi bakimindan benzer olduklari seklinde yorumlanmistir. Bu bulgu, Simsek vd. (2008)
tarafindan yurutilen bir arastirma ile 6rtiismektedir.

MT1’in birinci sorusu ile ilgili cizimler incelendiginde iyonik yapili kursun (II) nitrat ve potasyum iyodir
sulu ¢ozeltilerinde 6grencilerin bu bilesikleri iyonlarina ayirmadan cizdikleri gérilmistir. Bu bulgu Izzati
ve Rochmah (2020) ve Kelly’nin (2016) arastirmalarinin bulgulari ile értiismektedir. ilgili arastirmalarda
Ogrencilerin iyonik yapili bilesiklerin sulu ¢dzeltilerinde iyonlarin birbirinden ayrilmadigi seklinde bir
kavramsal anlayisa sahip olduklari bulunmustur. Bu durum &grencilerin, ¢ozeltideki farkli tur yuklere
sahip iyonlarin elektrostatik ¢ekim kuvvetiyle bir araya geldiklerini disundikleri seklinde
yorumlanmustir. ilgili literatiirde farkli 8grenim seviyelerindeki 6grencilerle yapilan bircok arastirmada da
¢o6ziinme ile ilgili cok sayida kavram yanilgisi tespit edilmistir (Akglin, 2009; Calik & Ayas; 2005). MT1’in
ikinci sorusunda 6grencilerin hangi iyonlarin ¢dkecegini hangi iyonlarin ¢ozeltide kalacagini bilmedikleri
icin hata yaptiklar goriilmektedir. Bu duruma metalik aktiflik konusundaki bilgi eksikligi sebep olmus
olabilir. Clinkii 6n 06grenmelerdeki eksikler daha ileri diizeydeki konularin anlasilmasini olumsuz
etkilemektedir (Akgiin, 2009).

MT2'deki gizimler incelendiginde, 6grencilerin fiziksel ve kimyasal degisimin ayni anda gergeklestigi
sekilde ¢izim yaptiklari gériilmektedir. ilgili literatiirde daha &nce bu sekilde bir kavram yanilgisi ile
karsilasiimamistir. Ogrencilerin fiziksel ve kimyasal degisim konularini anlamada giicliik cektikleri ve cok
sayida kavram yanilgisina sahip olduklari bircok arastirmada ortaya konulmustur (Kingir & Geban, 2014;
Lemma, 2013). Bu arastirmada Ogrencilerin hatali kavramsal anlamalarinin diger bir sebebi sembolik
gosterim ile mikroskobik gosterimi birbiri ile iliskilendirememelerinden kaynaklandigi dislinilmektedir.
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MTs’teki cizimler incelendiginde 6grencilerin asit, baz ve tuz ¢ozeltilerindeki iyonlar bitisik sekilde
gizdikleri gérilmektedir. Bu bulgu Hoe ve Subramaniam’in (2016) arastirmasi ile tutarlidir. ilgili
arastirmada 6grencilerin tam nétralizasyon sonucunda olusan tuzun katyonlari ve anyonlarinin bitisik
olmalari gerektigi seklinde bir anlayisa sahip olduklari belirlenmistir. Bu durum 6grencilerin farkl ylklere
sahip iyonlarin elektrostatik c¢ekim kuvveti ile birbirlerini c¢ekeceklerini dustindikleri seklinde
yorumlanmistir. Ulasilan sonug birgok arastirma sonucuyla tutarlidir (Hoe & Subramaniam, 2016; Tien
vd., 2007).

MT4'teki cizimlerden 6grencilerin sulu pil duzeneginde gergeklesen reaksiyonlari anlamakta
zorlandiklart goérulmektedir. En fazla zorluk yasanan kisimlar yari pil hiicrelerindeki yikseltgenme-
indirgenme kavramlari ve tuz koprisinden yikseltgenme indirgenme bdlgelerine hangi tir iyonlarin
gecmesi gerektiginin anlasilamamasidir. Bu durum, lise seviyesinde elektrokimya konusunun sembolik
diizeyde anlatilmasi (Milli Egitim Bakanligi [MEB], 2018) ile iliskilendirilerek yorumlanmistir. Cinki
kimyanin anlasiimasi temel ve ileri seviyedeki konularin makroskopik-mikroskobik-sembolik gosterim ile
ele alinmasini gerektirmektedir (Johnstone, 1982). Elektrokimya ile ilgili arastirmalarda bu arastirma
bulgularina benzer sekilde 6grencilerin, yikseltgenme indirgenme reaksiyonlari ve tuz kdprusa ile ilgili
yanilgilara sahip olduklari belirlenmistir (Acar-Sesen & Tarhan, 2011; Osman & Lee, 2013).

Modil Testlerden elde edilen diger bir bulgu ise 6n testlerde belirlenen bazi alternatif kavramalarin
son testlerde de devam etmesidir. Bu bulgu alternatif kavramalarin degisime karsi direngli oldugu
seklinde yorumlanmustir (Akgiin, 2009). Ote taraftan bu arastirmanin farkli temel kimya konulariyla ilgili
alternatif kavramalari bir arada sunmasi bakimindan 6nemli oldugu cikarimi yapilabilir. Buradan
hareketle 6gretim programlarinda, temel konulardaki kavram yanilgilarinin ileri seviyedeki konularin
ogrenilmesini olumsuz etkiledigine daha fazla dikkat ¢ekilmesi gerektigi sdylenebilir.

Sonug olarak, isbirlikli 6grenmenin yedi ilke, isbirlikli 6grenmenin modellerle ve isbirlikli 6grenmenin
animasyonlarla uygulanmasinin kavramsal anlamayi daha fazla arttirdigi sonucuna ulagiimistir.

Sinirhliklar ve Oneriler

Arastirmada ele alinan konular olduk¢a kapsamhdir. Fakat bu arastirmada ilgili konularin belirli
kisimlari [¢Ozeltiler (¢c6ziinme ve ¢okelme), kimyasal reaksiyonlar (ayrisma reaksiyonu), asitler ve bazlar
(titrasyon) ve elektrokimya (elektrokimyasal pilin calismasi sonucunda pilin farkh kisimlarindaki
degisimler)] tanecik dizeyde ele alinmistir. Diger bir sinirlilik ise 6grencilerin kavramsal anlamalarinin
tanecik diizeydeki gizimler Gzerinden degerlendirilmesidir. Bu sebeple ileride yapilacak arastirmalarda
ogrencilerden gizimleri ile ilgili yazili agiklama istenmesi ve dogru ve yanlis gizim yapan 6grencilerle
cizimlerine yonelik milakatlar yapilmasi kavramsal anlayislarini daha agik bir sekilde ortaya cikarabilir.
Arastirma bulgulari dogrultusunda iyonik yapil bilesik ¢ozeltilerinin 6gretiminde cebirsel hesaplamalarla
birlikte tanecik boyuta daha fazla dikkat ¢ekilmesi 6nerilmektedir.

Yazar Katki Orani
Yazarlar, calismaya esit oranda katki sunmuglardir.
Etik Beyan

Bu calismada, “Yiksekoégretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde’ yer alan tim
kurallara uyulmus ve yonergenin ikinci bolimiinde yer alan “Bilimsel Arastirma ve Yayin Etigine Aykiri
Eylemler “den higbiri gerceklesmemistir.

Catisma Beyani

Yazarlar ¢alisma kapsaminda herhangi bir kurum veya kisi ile ¢ikar ¢atismasi bulunmadigini beyan
etmektedirler.
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Appendix

Appendix 1/Ek 1:

An example of an experiment sheet / Bir Deney Foyii Ornegi

COZELTILER

KARISIMLAR
iki ya da daha fazla maddenin herhangi bir
oranda bir arada bulunmasiyla olusan madde

toplulufuna kamsim adi  verilir.  Karisim

olusturan maddeler bilesen olarak ifade edilir.

Karisimlarin dzellikleri asafiidaki gibi

siflandirlabilir.

. Homojen ya da heterojen olabilirler.

. Genel olarak farkh tir atom ve farkh tir
molekiillerden olusurlar.

. Belirli bir sembol ya da formilleri yoktur.

. Bilesenler kendi kimyasal ozelliklerini
korurlar.

. Bilesenleri arasinda belirli bir oran yoktur.

. Belirli hal degistirme sicakliklar yoktur.

. Yogunluklar karisan maddelerin oranina
gire defisir.

. Fiziksel yontemlerle kendilerini olusturan
maddelere ayrilabilirler.
. Saf degildirler.

Karsimlar olusturan bilesenlerin birbirine gore
dagilimlan farkhi olabilir. Bir karisimda basing,
yopunluk vh. fiziksel otzelliklerin ayni oldugu
bolgelere faz adi verilir. Karisimlar bir fazh veya
cok fazh olabilir. Bir fazl karisimlara homojen
kansim, cok fazhh kansimlara ise heterojen
kansim denir. Bir kasik seker suyla
karistirldifinda olusan karnisim tek fazhi yani
homojen, zeytinya@ - su karisimi ise iki fazl yani
heterojendir.

Karisimi olusturan maddelerin birbiri igerisinde
karisimin her noktasina esit oranda dagilmasiyla
olusan karisimlara homojen karsim denir.
Homojen kansimlar ¢ozelti olarak da adlandirilir.
Cozeltiler kati, s wveya pgaz  halinde
bulunabilirler.

Cozeltiler; chzici ve coziinen olmak tizere iki ana
bilesenden meydana gelirler. Cézeltiyi olusturan
bu bilesenlerden genellikle miktar1 ¢ok olan
maddeye c¢ozici, miktari az olan bilesene ise
coziinen denir. Cozeltisinde su  bulunan
karisimlarda su ¢iziici olarak kabul edilir.

COZUNME OLAYT
Cozeltivi olusturan ¢ozicii ve ¢bziinen tanecikleri
karisirken  coziicd  tanecikleri,  ciziinen

taneciklerinin etrafim kusatir. Dolayisiyla, her iki
tiir tanecik arasinda bir etkilesim olusur.
Cozinen ¢dzich icerisinde homojen olarak
daglir. Bu olaya ¢iziinme denir.

Bir maddenin baska bir maddeyi ¢ozebilmesi
icin, her iki maddenin molekiller aras1 cekim
kuvvetlerinin birbirine yakin olmas gerekir.
Genellikle, benzer tirdeki maddeler birbiri
icerisinde ¢tziiniir. Yani, polar goziiciiler polar
yapilh maddeleri daha iyi ¢ibzerken, apolar
¢oziciler de apolar yapilh maddeleri daha iyi
cozerler.

CH,, CO, [, CCl, wve C,H; gibi molekiller
apolardir ve birbiri icerisinde ¢dziiniirler. Bu tir
molekiiller  arasindaki  etkilesim  London
kuvvetleridir.

H,0, CH,CI, HF, H,5 gibi sivilar ise polardir. Bu
tiir maddeler dipol - dipol etkilesimi olusturarak
birbiri icerisinde ¢dzinir. Gicli dipol - dipol
etkilesimlere ilave olarak bazm molekillerde
hidrojen baglarindan dolayn molekiller arasi
gliclii cekim kuvvetleri goriilebilir.

Polar molekiillerin '+' ve '-' kutuplu uglar vardir.
Farkll molekiillerin zit yilklii uglar arasinda

molekiiller arasi  uzakliga bagh  olarak
etkilesimler gérilir.

Cozeltilerin Ozellikleri

. Cozeltiler gaz, sivi veya kat olabilir.

. Yapisinda en az iki farkl tiir madde vardir.
. Homojen yapiya sahip olup saf degillerdir.
. Belirli formiilleri yoktur.

. Karisimu olusturan maddelerin boyutu 1

nanometreden (1 nm= 10m) daha kiicik
olacak sekilde dapilmissa, bu tir
karisimlara ¢ozelti denir.

. Bilesenleri arasinda belirli bir oran yoktur.

. Cozelti kitlesi, ¢oziici ve ¢oziinen kiitleleri
toplamina esittir.

. Kati-sivi  gozeltilerde  ¢ozelti  hacmi
genellikle smvi hacmine  esittir.  Clinki
hacimde pgoézle gorilir Snemli bir
degisiklik olmaz.

. Swvi-sivi gozeltilerde
chzeltiyi  olusturan
toplamindan kiigiiktir.

toplam  hacim,
sivilarin  hacimleri
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. Cozeltilerin belirli bir erime ve kaynama
noktalar yoktur. Bu degerler bilesenlerin
karisma miktarina bagh olarak degisir.

. Cozelti olusumunda bilesenlerin kimyasal
tzellikleri degismez.

. Fiziksel yontemlerle bilesenlerine
ayristirilabilirler.

. Icerisinde iyon bulunduranlar  elektrik

akimini iletir. Igerisinde sadece molekiil
bulunduranlar ise elektrik akimim iletmez.
DENEY 1
Deneyin Adi: Gikelme Reaksiyonu ile Maddenin
Tanecikli Yapisinin Anlagilmasi

Deneyin  Amaci: Farkh [ki  Cozeltinin
Kanstinlmasi Sonucu Olusan Cokme Reaksiyonu
Yardimiyla Maddenin Tanecikli Yapisinin Mikro
Boyuttan  Makro  Boyuta  Anlasilmasimin
Saglanmasi

Genel Bilgi: Maddeler baska bir madde icerisinde
kendisini olusturan temel taneciklere ayrilarak
dagilmaktadir bu  olay cozinme olarak
bilinmektedir. Bu tanecikler efer
1nm(nanometre)den daha kigcik boyutta dagilim
gosteriyorlarsa buna homojen dagilma
verilmektedir. Bazi maddeler baska bir madde
icerisinde  cozindiginde  tek  bir  faz
goriiniimiinde ve bu maddeleri olusturan temel
tanecikler mikro boyutta oldugu icin qiplak gozle
gorilememektedirler. Fakat mevcut cozeld
icerisindeki temel taneciklerden herhangi biri ile
reaksiyon verebilen bir temel tanecik bulunduran
farkli bir ¢cozelti bu cozeltive ilave edilecek olursa
mikro boyutta gozlenemeyen temel tanecikler
gerceklesecek reaksiyon sonucunda yeni bir
maddenin bileseni olarak ortaya cikacaktir. Bu
sekilde mikro boyuttan makro boyuta gecis
saglanms olur.

ismi

Deney Malzemeleri:

« 5mLPb(NO,), cizeltisi
+  SmL Kl ¢izeltisi

+ 10 mL'lik Meziir{2)

*+  Santrifiij Cihazi

«  Santrifiij Tiipii (2 )

Deneyin Yapilisi:

1. 10 ml lik bir meziire 5mL Ph(NO;), cézeltisi
koyunuz.

2. 10 ml lik baska bir meziire 5mL Kl ¢izeltisi
koyunuz.

3. Hazirlamus oldugunuz Ph(NO,), ve KI
ctzeltileri bir satrifiij tipiinde karstiriniz.

4. Olusan yeni karisimi santrifiij cihazinda
santrifiijleyerek gozlemlerinizi kaydediniz.

Sorular:
1. Iki ¢ozeltinin  kanstinlmasiyla  ¢okelek

olusumu gozlendi mi? Gozlendiyse olusan
cikelek ne olabilir?

2. Olusan yeni karisim nasil bir karisimdir?

3. Ik durumda cézeltilerdeki tanecikler pozle
goriilebilir seviyede miydi, neden?

4. Son durumda taneciklerin
gizlemlediniz mi? Nasil?

varligim

(1)

—
Deney igin ockuma yaparken yukandaki sorulan dikkate
almamz égrenmenize yardima olacaktir. Deneyinizi
bitirdikten sonra sorulan cevaplandiriniz.
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