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The purpose of this study was to compare freshmen engineering students” exam achievement
in general chemistry course using peer-led team learning model and traditional instruction and
to investigate the effect of this model on different achieving level students. A total of 128
students who were instructed by the same professor participated in the study. Throughout the
semester, Peer-Led Team Learning (PLTL) model was implemented in the experimental group
while traditional instruction was used in the control group. 14 peer leaders who have
successfully completed general chemistry course in previous semester have been trained on
basic communication and pedagogy issues and they have supported their teams in problem-
solving. Both experimental and control group students took the same mid-terms and final
exam. The data were analyzed by two-way analysis of variance (ANOVA). Consequently,
although there was no statistically significant main effect of teaching methods, due to
statistically significant interaction effect, it was found that low and medium achievers’ general
chemistry exam grades were statistically higher in PLTL group than those of traditional group;
however, there was no statistically significant mean difference in high achievers’ grades
between PLTL and traditional instruction groups.
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Bu ¢aligmanin amaci, mithendislik fakiiltesi birinci simif 6grencilerinin genel kimya ders
basarisin1 akran liderliginde takim 6grenmesi modeli ve geleneksel 6gretim modeli kullanilan
durumlarda karsilagtirmak ve yontemin farkli basar1 seviyelerindeki 6grenciler {izerinde etkisini
incelemektir. Calismaya ayn1 6gretim iiyesinin okuttugu toplam 128 6grenci katilmistir. Deney
grubu bir dénem boyunca Akran Liderliginde Takim Ogrenmesi (ALTO) modeli ile ders
yaparken kontrol grubunda geleneksel dgretim uygulanmistir. Daha 6nceden bu dersi basari ile
tamamlamis 14 takim lideri donem boyunca hem temel iletisim ve pedagoji konularinda
egitilmis, hem de takimlarina problem ¢6zme konusunda destek olmustur. Deney ve kontrol
grubu ayni ara sinavlara ve final sinavina girmistir. Veriler iki yonlii varyans analizi (two-way
ANOVA) ile incelenmistir. Sonug olarak, her ne kadar 6gretim yontemlerinin istatistiksel olarak
anlamli bir etkisi olmasa da, istatistiksel olarak anlamli ¢ikan ortak etki faktoriine baglh olarak,
diisiik ve orta diizey basarili 6grencilerinden ALTO modeliyle 6gretim alanlarin geleneksel
Ogretim alan gruba gore genel kimya sinav basari notlarinin istatistiksel olarak daha iyi oldugu
bulunmus, ancak ALTO modeli ve geleneksel ogretim gruplarindaki yiiksek basarililar
karsilastirldiklarinda genel kimya basarilar1 agisindan bir farklilik olmadig saptanmistir.
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Introduction

School dropout rates among university students in the first years are very high (Barefoot, 2004) and one of the
most important reasons for this is their failure (Simsek, 2013). Personal factors and school factors are likely to rise
failure thus that causes an increase in dropout rates of courses and schools (Peters, 1992). Dropout is one of the
key barriers to success in first-year introductory courses such as science, technology, engineering, and mathematics
(STEM) at the university level. For this reason, it is necessary to focus on comprehensive programs that have the
potential to increase students’ achievement, interest and belonging in such courses. According to Tinto (1975),
one way of doing this is to develop new teaching models in which students will feel a sense of belonging to an
academic society. Additionally, according to Tobias (1992), mentoring relationships are crucial for students'
success and careers, and traditional teaching approaches fail to emphasize these aspects. Besides, traditional
instruction sometimes lacks in the construction of scientific investigations over pre-conceptions, and development
of these investigations through strong discussions and arguments. In this context, peer-led team learning (PLTL)
has become a widely accepted and practiced teaching model in the STEM field. PLTL is also perceived as a model
that can overcome the above-mentioned problems because in this model students participate actively in scientific
discussions. This is closely related to students’ learning, and achievements.

Peer-Led Team Learning (PLTL) Model

PLTL model was formerly introduced by David Gosser in a General Chemistry course at the City College of
New York (CCNY) in the early 1990s and has been implemented and disseminated through support of the National
Science Foundation to address faculty concerns about student learning and high attrition rates in chemistry,
biology, physics, mathematics and computer science as well as engineering courses in many colleges and
universities in the United States (Gafney & Varma-Nelson, 2008; Goodwin, 2002).

PLTL model does not require the instructors to change both their routine in the course or their teaching
methods. Varma-Nelson (2006, p.19) states that “the PLTL model preserves the lecture and introduces a new
structure, a weekly two-hour workshop”. The core of the issue is creating well-organized and supportive study
groups so it is recommended that one hour of the course will be replaced by this peer-led workshop (Gafney &
Varma-Nelson, 2008). Accordingly, PLTL can be defined as a structured form of team learning which a small
group of six to eight students meets weekly under the guidance of a peer leader to discuss and solve a set of
carefully developed problems in accordance with lecture topics in an active learning environment (Gafney &
Varma-Nelson, 2008; VVarma-Nelson, Cracolice & Gosser, 2004). Another feature of this model is the specific role
of a peer leader who is competent in both chemistry and communication. They are generally selected among the
undergraduate students who have recently completed the course successfully with a high grade (A or B) and
demonstrated leadership potential and strong interpersonal and communication skills. (Gafney & Varma-Nelson,
2008). In the PLTL workshops, students work together to reach a solution of the problem while peer leaders give
advice about the resources, thinking patterns and process (Crocolice & Deming, 2001). Besides, peer leaders
facilitate a discussion among the students in a group to interact with one another, promote brainstorming and
encourage them to solve and discuss the structured problems (Gosser et al., 2001). According to Varma-Nelson
and Coppola (2005), since students aim to find and evaluate several possible solutions in the PLTL workshops
rather than learn a single correct answer, the answer keys should not be provided to the students or the leaders.

The role of the instructor in PLTL model is to prepare workshop materials as well as choose and train the peer
leaders for their courses (Gosser et al., 2001). Peer leaders come together with course instructors to discuss the
concepts and workshop materials each week. In addition, the content of workshop should be consistent with the
lecture hour weekly schedule. Moreover, workshop materials should be carefully constructed not only to address
common misconceptions and to develop conceptual understanding in chemistry concepts (Varma-Nelson et al,
2004) but also to promote the collaboration, interaction, and active engagement with individuals in groups (Gosser
& Roth, 1998). As a result, students are able to develop their conceptual understanding and learn to communicate
scientific ideas in a social community. (Gosser & Roth, 1998; Gosser et al., 1996; Sarquis et al., 2001; Varma-
Nelson et al., 2004).

Theoretical Background
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PLTL model is grounded on a socio-cognitive theory which emphasizes active participation of individuals.
The theoretical framework behind this model also includes the social learning theory of Vygotsky (1987).
Furthermore, the constructivist approach, in which “students’ learning is structured by taking active roles in
individual and social processes” (National Research Council, 1996, p. 28), is base for the theoretical framework
of the model. According to Driver, Newton, and Osborne (2000), small teams in this model are perceived as
scientific communities that support knowledge construction through social processes between individuals. PLTL
workshops offer students with an active and collaborative learning environment by providing opportunities for
discussion, reconciliation, knowledge construction, presenting what they understand, and hearing their peers’
views. In solving the problems, students interact with each other to transform their experience into useful
knowledge through sharing, evaluating, and refining their ideas (Brown and Campione, 1994; Brown, Collins &
Duguid, 1991; Roschelle, 1992). Conceptual learning in the classroom environment is dependent on the ability of
the person to communicate with peers and to build and reconstruct knowledge through social processes (Driver et
al., 2000). In other words, comprehension of knowledge evolves by communicating and interacting with others.
Hence, teaching models based on the idea that knowledge is created through social processes have wide
implications (Brown et al., 1991). PLTL also allows peer interaction such as “sharing, clarifying, and distributing
knowledge among peers." as one of these models (Rivard & Straw, 2000, p.585). Another key process observed
in student’ discussion in this model is the “connected discourse” in which the details of the exchange between
students' ideas are observed through a complex reasoning. These and similar processes provided by the peer-led
team learning environment have great potential to construct meaningful knowledge.

The main element of many student-centered learning environments is facilitating and promoting student
interaction by a peer. This learning environment proposes individuals’ to exceed their zone of proximal
development. According to the social learning theorist Vygotsky (1978, p.86), the zone of proximal development
is defined as "the distance between the actual developmental level as determined by independent problem solving
and the level of potential development as determined through problem-solving under adult guidance, or in
collaboration with more capable peers". Another positive aspect of student-centered approaches is that students
help each other in the learning of conceptually rich course material and support their zone of proximal
development. Since in the PLTL model the peer leader is equal or much more close to student's zone of proximal
development level compared to the course instructor, s/he has a chance to interact with students through different
ways in which instructor does not have. In addition, the high experience of the peer leader on the course and the
content knowledge, which students do not have, provide a critical role in encouraging peers’ interaction and
exchanging the ideas among students. Peer leaders undertaking such role try to encourage participation, support
the autonomy of all students in his/her team.

As included in cooperative learning, PLTL model incorporates the elements of working together to achieve a
common purpose (Johnson & Johnson, 1999, Johnson, Johnson, & Smith, 1991). Peer-led team learning integrates
positive interdependence and face-to-face interaction while at the same time supporting small group work and
individual accountability through a more knowledgeable and experienced peer leader. The ability of the classmates
to express what they understand can be exemplified as individual accountability. In this model, the teaching of
basic skills to students develops through communication and interaction throughout the process rather than a
formal process. Beyond those, all students; women, men, minorities, foreign nationals can reasonably participate
in and benefit from such a collaborative learning environment.

PLTL Implementations in General Chemistry Course

A body of research shows that student-centered pedagogies are more effective on student performance than
traditional pedagogies because they provide students with the opportunity to build dependent learning communities
(Irvine, Code & Richards, 2013; Tutty & Klein, 2008). The effectiveness of the PLTL model, as one of the high
impact teaching models, over students, leaders, instructors, and institutions has been measured and evaluated in
many learning environments (Ba’ez-Galib, Colon-Cruz, Resto, & Rubin, 2005; Hockings, DeAngelis, & Frey,
2008; Lewis & Lewis, 2005; Lyon & Lagowski, 2008; Tien, Roth, & Kampmeier, 2002), and it has been shown
that the model is sucessessful in many STEM disciplines (Hockings et al., 2008; Lewis 2011; Lyle & Robinson
2003; Lyon & Lagowski 2008; Preszler 2009; Tien et al., 2002; Wamser 2006). Since the PLTL was first
implemented in chemistry, the majority of the conducted studies has been done in this area, especially conducted
in general chemistry (Alger & Bahi, 2004; Ba’ez-Galib et al., 2005; Chan & Bauer, 2015; Drane, Micari, & Light,
2014; Mitchell, Ippolito, & Lewis, 2012), organic chemistry (Lyle & Robinson, 2003; Tien et al., 2002), biology
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(Prezler, 2009), mathematics and engineering (Liou-Mark, Dreyfuss, & Young, 2010; Loui-Mark & Robbins,
2008) and the findings support the success of the model. In other words, students in the PLTL group receive higher
grades (Hockings et al., 2008) and learning in these students has higher retention rate (Drane et al., 2014; Lewis,
2011).

Ba'ez-Galib et al. (2005) aim to make general chemistry students be successful at the undergraduate level by
preparing an interactive program named Chem2Chem. They prepare a supportive learning environment in which
students’ positive attitudes and self-confidence are supported to meet their academic and emotional needs without
compromising the quality, content, and expectations of the course. Researchers emphasize that the program they
have developed has striking results on the success of students. To illustrate, between 1995 and 1997 (before Chem-
2-Chem was implemented), the percentages of unsuccessful students are 42-51 %, then when the program is
implemented, it is dropped to 21 %. In addition, Hockings et al. (2008) examine the effect of the PLTL model on
student achievement by using it with traditional course structure. The results show that the model satisfies the
needs of the faculty and students, presenting the model as a compulsory part of the course is suitable for a
traditional university structure, and the students compulsorily participate. When the performances of the second-
semester students who have taken the general chemistry course again with the PLTL model is compared to the
performance of the first semester PLTL students, almost a one-third positive difference is observed in favor of the
second semester PLTL students. Mitchell et al. (2012) study on general chemistry courses that last two semesters
and examine students’ attendance on second semester PLTL implementation. They find that they do not increase
student achievement with single-semester practice.

When examining the study of Lewis and Lewis conducted in 2005 at the undergraduate level chemistry, it is
seen that they form peer-led groups in the general chemistry course and evaluate how the model impacts students’
understanding. They conduct an experimental study, one group of the same instructor is an experimental group,
and the other is the control group. Comparing students' midterm and final exam grades of experimental and control
groups reveal that peer-led group students’ performances significantly differ in favor of them. In another study,
Lewis (2011) fully evaluates the PLTL model by examining the performance of university freshman students who
have enrolled in a general chemistry course. By preserving the normal course duration, PLTL is implemented in
approximately one-third of the course time, and the results are compared with the groups performing traditional
teaching.Consequently, it is found that the experimental groups show a statistically significant improvement
compared to the traditional groups by 15%, and the retention of subjects is found to be higher in the experimental
groups. In addition, the researcher finds that minority students in the PLTL groups have higher course passing
rates than minority students in the control groups. McCreary, Golde, and Koeske (2006) implement PLTL model
in the laboratory of the general chemistry course with experimental and control groups and examine the impact of
the model. Both from the content analysis of students' written exam responses and other qualitative data, they
conclude that students in PLTL workshops have a higher performance than the other groups.

According to Amaral and Vala (2009), who perform the PLTL model in the first year general chemistry course
at the undergraduate level, examine the effects of the model on mentor students’ (peer leaders) successes and their
retention. The performances of students who attend and do not attend the mentoring program (training) were
compared. As a result, students who have participated in the mentoring program have a higher average than the
other students and it is reported that the course withdraws rates are much lower even if less effort is made. Based
on another study related to long-term effects of the PLTL experience on peer leaders conducted by Gafney and
Varma-Nelson (2007), peer leaders both improve their performance and acquire some personal gains such as being
much more confident and having advanced team-related skills. One more study on peer leaders is conducted by
(2009) who have investigated whether peer leaders selected from the previous years or peer leaders selected from
within the class will be more effective. They find out no difference between in-class peer leaders and peer leaders
selected from the previous year. They also interpret that two different leader groups have a different role; standard
peer leaders teach more and control their groups better, but they are not friends with peers, while the leaders
selected within the class know more about their peers. When comparing the academic performances and student
satisfaction levels of two different types of peer-led groups, it is discovered that both groups were completely
equal. In another study conducted by Gosser (2011) compares grades of students who attend PLTL workshops and
those who do not attend the PLTL workshops. The results show that 15% of the students having C or higher grades
are in favor of the students who attend these workshops.

As seen from the literature review, the model has an inevitable effect on students’ performance. However, the
research regarding how low achievers, moderate achievers and high achievers benefit from PLTL model is
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insufficient. Having no comprehensive research on PLTL in Turkey, along with acquiring no information about
the effectiveness of the model for students with different sachievement level makes it attractive to conduct a
research study. The aim of this study is to examine the impact of the method on freshman engineering students’
exam achievement in general chemistry at a private university in Turkey. By investigating how the success of the
students in different achievement groups will be influenced by the implementation, the study proposes to contribute
to the PLTL literature. The main research question is what is the effect of teaching methods (PLTL model and
Traditional instruction) and achievement levels (low, moderate and high) on freshman engineering students” exam
achievement in general chemistry. The sub-questions are as follows:

1. Is there a statistically significant difference in general chemistry exam achievement scores of
freshman engineering students instructed with PLTL model between those instructed with traditional
instruction?

2. s there a statistically significant effect of freshman engineering students' achievement levels (low,
moderate and high) on their general chemistry exam scores?

3. Is there a statistically significant difference in the effect of freshman engineering students’
achievement levels on their general chemistry exam achievement scores for teaching methods (PLTL
model and Traditional instruction)?

Methodology
Research Design

The purpose of this study is to examine the effect of the peer-led team learning on undergraduate engineering
students' academic achievement in General Chemistry. The quasi-experimental method of experimental research
designs was used in this study. In educational studies, it is difficult to conduct a study with the true experimental
design because selecting students or classes randomly is usually impossible in the institutions, thus, in the most of
the experimental research quasi-experimental design is used (Fraenkel & Wallen, 2006). Therefore, in the current
study experimental and control groups are randomly selected from two sections of the course instructed by the
same professor. As seen from Table 1, the experimental group was treated with peer-led team learning (PLTL)
model for one semester, while the control group was treated with traditional instruction, both groups have taken
two midterms and a final exam at the same time.

Table 1. Research Design

Groups Implementation Mid-Term 1 Implemantation Mid-Term 2 Implemantation Final
CG TI MT TI MT TI F
EG PLTL MT PLTL MT PLTL F

Note: CG: Control group, EG: Experimental group, PLTL: Peer-led team learning, TI: Traditional instruction, MT:
Mid-term, F: Final exam

Sample

The sample of this study which was selected conveniently consisted of 128 freshmen engineering students
enrolled in general chemistry (CEAC 105) course at Atilim University. 60 (47 male and 13 female) of the
participants were in control group (CG) and 68 (53 male and 15 female) of them were in experimental groups
(EG), the instructor was the same for both groups. The participants of the experimental group were the students
who attended at least 50% of the PLTL workshops. The age range of the students is around 19. The number of
students in each achievement level was also presented for CG and EG in Table 2.
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Table 2. The Comparison of Frequency and Percentage of Students instructed by Traditional Instruction and
PLTL Model in Terms of Student Achievement Levels

Achievement Teaching methods Total
Traditional instruction PLTL model
N Percent N Percent N Percent
Low-achievers 13 21.8 25 36.8 38 29.7
Moderate-achievers 31 51.6 27 39.7 58 45.3
High-achievers 16 26.6 16 23.6 32 25
Total 60 100 68 100 128 100

When total percent values of both groups were examined in Table 2, it was seen that the highest percentage
was in "Moderate-achievers” category with 45.3%, followed by the "Low-achievers" category with 29.7%, and
then followed by the "High-achievers" category with 25%. While this general pattern was recognized from percent
values of both total and PLTL model, it was seen that the percentage of high achievers (26.6) were higher than
that of low achievers (21.8) in traditional instruction.

In addition, 14 students were selected as peer leaders from the individuals who have attended General
Chemistry previously and completed it successfully. Purposive sampling was used to select peer leaders because
peer leaders should have some requirements and characteristics for the proper implementation of the PLTL
workshops. For example, leaders must be successful students (B grade or better) from the previous year’s course
and have some skills in leadership, communication, and group work. A voluntary participation and informed
consent form has been applied to the students and leaders who participated in the study.

Data Collection Tools

General chemistry exam achievement score. Students' exam scores would show their achievements in the
general chemistry course in this study. In general chemistry course, there were two midterm exams conducted in
the semester and one final exam conducted at the end of the semester, and both had 20 multiple choice questions.
In those, each correct answer was 5 points, and the incorrect answer was considered as 0 points and the total points
that a student could take from any exam range between 0 and 100 points. In addition, the content included in these
exams was shown in Table 5, chapters 6, 7, 8, 9, 10 were included in the first midterm, chapters 11,12, 5,19 were
included in the second midterm, and the whole chapters were covered for the final exam. These exams were
prepared by the professors of the course together. Additionally, students’ grades were calculated based on their
exam scores, and the percentages of these exams were provided in Table 3.

Table 3. The Percentage of Exams on General Chemistry Grades

Exams Percentage
Mid-term | 30%
Mid-term Il 30%
Final exam 40%

Achievement levels (University placement scores-MF-4). From the 2011 - 2012 academic years, the university
examination system that is held every year by the Center for Measurement, Selection and Placement (OSYM)
takes place in two steps as YGS (Higher Education Entrance Exam) and LY'S (Bachelor Placement Examinations).
While YGS is a general test based on the common curriculum of all courses, LYS is a collection of branch tests
based on measuring the success of each course. There are 6 different types of scores for YGS (YGS-1-2-3-4-5-6),
and 12 different scores types for LYS [MF-1-2-3-4 (Mathematics-Science), TM-1-2-3 (Turkish Language and
Literature-Mathematics), TS-1-2 (Turkish Language and Literature-Mathematics- Social Sciences), and LANG-
1-2-3 (Foreign Languages)]. In YGS and LY'S, the minimum score is 100 and the maximum score is 500. Students’
placement to engineering faculties is made according to MF-4 (Mathematics-Science) scores. If students want to
select an engineering department, s/he must take YGS, LYS-1 (Mathematics) and LY S-2 (Physics, Chemistry, and
Biology) tests in order to be placed in one of these undergraduate engineering programs. Then, based on these test
scores, OSYM calculate students’ overall MF-4 scores. The university entrance scores of students enrolled in a
general chemistry course for the 2015-2016 academic year were obtained from Atilim University students’ affairs
unit. The MF-4 score range of the students is between 209 and 390.65. The average of these scores is 295.10, and
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the standard deviation is calculated as 39.75. MF-4 scores were transformed into categorical forms as low, medium,
and high achievement levels, and the frequency values were shown in Table 4.

Table 4. Cumulative Relative Frequency Table Based on Categorical Classification of Students’ MF-4 Scores

Categories LL-HL Frequency Relative Cumulative Cumulative
(Scores range) (N) Frequency Frequency Relative
(%) (N) Frequency (%)
Low-achievers <270.00 46 36 46 36
Moderate-achievers ~ 270.00-319.99 50 39 96 75
High-achievers 320.00> 32 25 128 100
Total 128 100

Note: LL: Low limit, HL: High limit, N: Number of students.

Treatments
PLTL Model

In this section, the treatment performed for 14 weeks in the experimental group was introduced. In this study,
six PLTL workshops were organized biweekly by taking one lecture hour of the course, which was three lecture
hours per week. In the other weeks, students attended three lecture periods. Leaders came to the study hall for the
workshop with their peers, and they formed a cluster-like seating arrangement in a part of the class. Peer leaders
wore an identification card and talked with peers with their names. Students participated in each workshop with a
booklet which was prepared for the implementation and given to them beforehand. In the first 10 minutes, peer
leaders have identified their difficulties related to individual review problems and summarized the key points about
concepts. After that, they discussed the team learning problems in the booklet by using the teaching techniques
taught in the leader training sessions. Students were given time to solve and analyze the questions, and then guide
them to the solutions through the hints about how to solve the problems by asking questions to the students. They
made inferences by means of the feedback from peer leaders and interactions with peers. Leaders have been
checked whether all members of the team understood the solutions of the problems within the given time. After
they covered team problems, a test consisting of one or two questions was given to the students to solve
individually. Since the students discussed and learned how to explain the team problems within their teams, they
were able to solve these questions individually. Problems that could not be answered in this test were taken as
evidence that the content was not well understood and thus, necessary feedbacks were provided to the students by
the leaders.

To enhance treatment fidelity and verification, the instruction used for PLTL group were defined explicitly with
the help of the literate and then theoretical framework for the model. Thus, the handbook about the implementation
of PLTL study (Gosser et al., 2001) was taken as a guideline and six critical components proposed by Gafney
(Gafney & Varma-Nelson, 2008) were followed as the basis for the intervention. These six critical components of
the PLTL model; departmental support, integral to the course, institutional/organizational arrangements,
administrative support, preparation of course materials, selection of peer leaders, and their training were briefly
described in the following sections. Besides, Figure 1 collectively indicates the processes included these
components before and during the implementation. They also had a great importance for defining, effectively
implementing, and evaluating the PLTL model as well as discriminating it from other related student-centered
methods and if it was implemented properly based on these components, one might expect a noticeable increase
in students’ performances (Gafney & Varma-Nelson, 2008).

Departmental support. The first step for successful implementation of the PLTL model is the acquisition of
departmental support. For this, the faculty members offering general chemistry at the Department of Chemical
Engineering and Applied Chemistry were informed, and they are requested to give support for the changes to be
made within the scope of the research. The course instructor has voluntarily cooperated throughout the PLTL
workshops during implementations. She reviewed the materials, provided feedback, and made some revisions.

Integral to the course. It is important to integrate and coordinate PLTL to the course as if it is a component of
it (like; theoretical course hours, laboratory, recitation). For this reason, the PLTL workshops were compulsory
for the students as for the other parts of the course such as the laboratory. During these workshops, individual
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quizzes were held and attendance was taken. General chemistry has three 50 minutes course duration per week.
Within the scope of the study, one of the 50 min parts will be advocated as workshop session. Gafney and Varma-
Nelson (2008) expressed that the optimum time for an effective workshop should be 90 to 120 minutes. For this
reason, the 50 minutes duration has been increased to 75 minutes provided that it is suitable for students program.
The contents of the PLTL workshops were parallel with the topics covered at that week.

Institutional/organizational arrangements, and administrative support. In order to run weekly PLTL
workshops without disruption, it is necessary to allocate suitable learning environment for group work, also,
available places for leader training should be arranged. For this reason, a study hall in the faculty of engineering
has been determined and required permissions have been obtained from the administrative units. Besides, when
additional staff and materials, such as tables, chairs, etc that may be needed have been rearranged according to the
number of students in each workshop. The peer leaders' training hours and their participation in the workshops
were arranged based on their weekly schedule.

( N
" Departmental Support Initiatives for Making the Implementation Institutional arrangements/Administrative
- Required arrangements for Integral to the Course support
implementation - Attendance »- | - Arrangement of workshop space
- Revising the course syllabus - Duration of workshop - Arrangement space for team leaders’ training
c - Informing the faculty at the department - QU'? (Individual test) - Obtaining required permissions
% < Optimum group numbers < Arrangement in course schedule
£
@
£
2
a
E Determining the Team Leaders
- Forming the Groups - Preparation of a poster for publicity Preparation of Workshop Materials
% - Determining group members - Diagnosing students completing the course - Preparing the review questions
o - Determination based on university successfully - Preparing the collaborative team leaming
entrance scores (heterogeneous groups) - Questionnaire for communication skills questions
- Assigning leaders to the groups (random) - Getting optimum number of leaders - Preparing individual evaluation questions
- Signing an agreement with team leaders
N W,
(" \ & 14 week cycle N
_ /——\
2
3 Training of Peer Leaders Regular Workshops
g - Leadership, communication - Cooperation of leaders with group
5 - Pedagogical support n1embers‘
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Figure 1. Schematic Representation of Steps for PLTL Model

Preparation of workshop materials. The General Chemistry (CEAC 105) course at Atilim University has 3
course hours in each week, 3 hours of laboratory within two weeks, and it is a 5 ECTS credits course, the course
is a must course for all engineering departments’ students except for chemical engineering and applied chemistry
and metallurgy and material engineering departments. Engineering students take this course in one semester. The
content of the course and related chapter numbers and estimated course hours based on the chapters of the course
book (Brown et al, 2015) are shown in Table 5. The course covers selected chapters from the book.

Based on the chapters given in Table 5, course materials were prepared at the beginning of the semester for
each workshop. In this process, researchers carefully prepared the problems that will be solved collaboratively
based on the directions provided in literature and the book "Peer-Led Team Learning A Guidebook™ prepared by
Gosser et al. (2001) in order to force students in appropriate level, fit with the content of the course, and encourage
active and collaborative learning. In addition to this, based on the concept proposed by Vygotsky (1987), "Zone
of Proximal Development" by was taken into consideration while forming the theoretical framework of questions.
In this way, a booklet has been prepared for PLTL workshops including sub-topics and related course objectives
for each chapter.
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Table 5. General Chemistry Course Topics and Hours

Chapter Numbers Topics Estimated Lecture Hours
6 Electronic Structure of Atoms 7
7 Periodic Properties of the Elements

8 Basic concepts of Chemical Bonding 5
9 Molecular Geometry and Bonding Theories 4
10 Gases 3
Table 5 Continuation

11 Intermolecular Forces, Liquids, and Solids 5
12 Solid and Modern Materials 2
5 Thermochemistry 6
19 Thermodynamics

14 Chemical Kinetics 5

Furthermore, PLTL workshop problems in each unit consisted of three parts as shown in Figure 2: (1)
individual review problems that students would have completed before joining the PLTL workshop (2) team
learning problems to be solved in cooperation with the peer leaders in the PLTL workshops (3) assessment
problems to be solved individually after the PLTL workshops to investigate student’s understanding. In the review
section, the preliminary evaluation would have conducted with multiple-choice questions that students could solve
on their own about the subject of the week as a summary. Students were said to solve these problems before they
came to the workshop, and then in the workshop, they discussed them quickly and continued with team problems.
In the second part that they solved the questions in collaboration, team learning problems were three or four open-
ended questions in accordance with the topic, which were appropriate for the teamwork and can be solved with
the help of peer leaders. Thus, with the help of the peer leaders and social interaction between students originating
from the collaborative work, it was tried to increase the potentials of the students. After that, students were given
individual problems, consisting of one or two multiple choice or open-ended questions, which are similar to team
learning problems in order to assess their individual performances. Students were expected to be able to solve such
problems individually after group work. The difference that arises between the level of problem-solving
independently without help and the level at which the individual can solve the problem after entering the social
interaction with the help of the peer leader constituted their zone of proximal development. As a result, it can be
inferred that PLTL model supports the materials that will enable students to explore and use their zone of proximal
development in the best way.

Individual Review Problems ] = [Team Learning Problems] = [ Individual Assessment Problems

Figure 2. The Three Parts of PLTL Workshop Problems

Selection of Peer Leaders. Peer leaders must be well trained in terms of both their subject-matter knowledge,
as well as communication and leadership skills. For this reason, peer leader candidates primarily were expected
to have received the general chemistry course in the previous semester or the year and to have been found in the
first 20% of this course. Then, interviews were conducted with these candidates and 14 students were selected
considering their communication skills. After the selection of peer leaders who participated in the study, the
voluntary participation form was implemented to them just like students.

Formation of Students’ Teams. The size and diversity of the teams must be appropriate for efficient discussions
to take place. Gafney and Varma-Nelson (2008) have been suggested six to eight students as an ideal group size
and in the current study, the average size was five students per group. In order to ensure that the groups have equal
opportunities, and characteristics, some demographic information such as gender, achievement level, and majors
were examined are when creating the teams. To illustrate, students were divided into three groups as low, middle
and high achievement levels with respect to their university entrance scores and each team included students from
these three levels. In addition, a heterogeneous structure has been created by providing female students and
different department students to each group. Leaders were randomly assigned to the groups by using their
alphabetical name order.
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Training of Peer Leaders. Leaders were required to attend 1.5-hour training sessions, which were held eight
times throughout the interventions before discussing the problems in PLTL workshops. Throughout this training,
the topics in the "Peer-Led Team Learning: A Handbook for Peer Leader" written by Roth, Goldstein, and Marcus
(2001) were tried to be addressed. Peer leaders were trained based on three categories; "leadership skills",
"pedagogical support" and "course materials". Therefore, when team leaders gathered for training sessions, they
were informed about the pedagogical knowledge and social communication as well as discuss how course materials
could be solved for that week.

For the leadership skills, an academician who specialized in management gave a 2-hour training at the
beginning of the term to leaders and informed them about how to communicate with their peers. The main topics
of this training were impressive speaking and persuasion skills, listening skills, feedback skills, the ability to
communicate positively, the timing skills in communication, and the ability to use body language effectively.
Under the pedagogical support category, researchers gave leaders a brief training in every session about how they
could help their peers. Those were the role of leaders, learning theories, learning styles, questioning techniques,
learning differences in students, motivation, equal opportunities for everyone, race-class-gender etc. Moreover,
social constructivism theory, multiple intelligence theory, collaborative learning and teaching strategies were
discussed during these meetings. Leaders were expected to select and apply the appropriate teaching strategy
according to the student needs in their teams and the nature of the topic. Also, they provided necessary information
about how to solve the problem step by step, give them the right of speech, grant time, provide clues, and balance
the needs of low achievers and those of high achievers. Course materials also constituted an important part of the
training of peer leaders. During the workshop, the details of how much time they would spend on the part, the
difficulties that students could encounter in solving the materials, the extra resources they could apply, and the
details of the solution of the materials were discussed in these training. Peer leaders and students have not been
given an answer key for the PLTL workshop problems as highlighted in the PLTL model (Varma-Nelson &
Coppola, 2005). It is very important to note that peer leaders should understand their role very well since it is
necessary to act more like a guide rather than as a teacher in the PLTL workshops.

Traditional Instruction

Students in the control group attended three lecture hours of the general chemistry given by the same instructor
for 14 weeks, but they did not attend the PLTL workshops. Like the lecture sessions implemented in the
experimental group, she first introduced the concepts of that week and then solved some questions related to the
topic. Since the one-third of the lecture hours was not allocated to the workshop in control group, the instructor
had more time to solve the questions in this group.

In addition, some of the lecture hours were observed for the control group and experimental group and some
field notes were taken by the researchers. In the lecture, she usually wrote the concept the board by explaining it,
then solved problems herself related to concepts, asked few questions about problems and gave no time to think
and analyze them. Some of the students took notes about the concept and problems while some of them only
listened. There have sometimes been discussions between a few students and instructor in line with her questions.
However, students generally did not ask questions and did not think deeply about the concept. The strategies used
by the instructor were here mainly lecturing, questioning and sometimes discussions between a few students and
teachers so it was inferred that it was predominantly teacher-centered. Finally, it was concluded that the traditional
instruction was used by course instructor as intended during the study.

Data Analysis

SPSS 24 package program was used to analyze the data in this study. Data were analyzed by two-way analysis
of variance (ANOVA). The reason for choosing this analysis is to simultaneously test the main effects of the
factors and the interaction effect of the two factors on the dependent variable, rather than separately testing the
effect of two independent variables (teaching method and achievement level) on a dependent variable (general
chemistry exam achievement score). As a statistically significant interaction effect was found in the current study,
one-way ANOV A was performed to report simple main effects for each achievement level. The statistical analyses
were conducted at 95% confidence interval by checking the assumptions of the analyses. These assumptions are;
the independence of the data (independence), the dependent variable being the continuous scale and the
independent variable being the categorical scale, normality within the group (normality), and the homogeneity of
the variances (homogeneity).
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Results

The findings of the study included the descriptive statistics of general chemistry exam achievement score based
on teaching methods and achievement levels, two-way ANOVA to clarify whether general chemistry exam
achievement can be explained statistically by the main effects or interaction effect of teaching method and
achievement level factors, and one-way ANOVA to explain whether general chemistry exam achievement scores
differ in terms of students’ achievement levels according to the teaching methods applied in groups.

Table 6 and 7 included the mean and standard deviation values of the general chemistry exam achievement
scores of freshman engineering students according to their teaching methods and achievement levels respectively.
As can be seen from Table 6, according to the teaching method variable, the mean scores of the general chemistry
exam achievement for students trained by traditional instruction and PLTL model were found to be 58.83 and
62.88 respectively, while the standard deviation values were found to be 16.47 and 14.71, respectively.

Table 6. Descriptive Statistics for General Chemistry Exam Achievement Score According to Teaching Methods

Teaching methods N Mean SD

Traditional 60 58.83 16.47
PLTL 68 62.88 14.71
Total 128 60.98 15.63

Likewise, as shown in Table 7, the mean scores of the general chemistry exam achievement for low achievers,
moderate achievers, and high achievers were 53.17, 59.38, and 73.14 respectively. The standard deviations of these
levels were also found to be 11.92, 15.16, and 13.28 respectively.

Table 7. Descriptive Statistics for General Chemistry Exam Achievement Score According to Student’
Achievement Levels

Achievement levels N Mean SD

Low-achievers 38 53.17 11.92
Moderate-achievers 58 59.38 15.16
High-achievers 32 73.14 13.28
Total 128 60.98 15.63

Based on the results of two-way analysis of variance (ANOVA) conducted in order to determine whether
general chemistry exam achievement of freshman engineering students differ statistically in terms of the teaching
method and achievement level factors, it was found that there were statistically significant mean differences in
students’ general chemistry exam achievement with respect to both achievement level (F(2, 122)=22.38, p=.000)
and the interaction between teaching method and achievement level (F(2,122)=3.62, p=.030) at the 0.05
significance level as shown in Table 8. It was implied that the magnitude of the effect size was large for the
achievement level factor and medium for the interaction effect factor, and 26.8% and 5.6% of the total variance
on general chemistry exam achievement were associated with those factors respectively (Cohen, 1988). As a result,
there were both statistical significance and practical significance. Nevertheless, results of analysis of variance
showed no statistically significant difference (F (1,122) = 3.56, p = .062) for the teaching method factor.

Table 8. Two-way ANOVA Results of General Chemistry Exam Achievement with Teaching Method and
Achievement Level Factors

Source Sum of df Mean F p Partial
Squares Square 1’
Teaching method 628.76 1 628.76 3.56 .062 .028
Achievement level 7912.69 2 3956.34 22.38 .000 .268
Teaching method*Achievement level 1280.69 2 640.35 3.62 .030 .056
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Since general chemistry exam achievements of engineering students trained based on the traditional teaching
and PLTL model were influenced by the achievement level of the students as indicated in Figure 3, it can be
misleading to interpret the main effects of factors from the result of the two-way ANOVA in Table 8 (Pallant,
2011). This interaction was also indicated in Figure 3. Thus, simple main effects were examined by using the one-
way ANOVA technique whether teaching method factor differed statistically for the low, moderate, and high level
of achievement groups. Descriptive and inferential statistical results were presented in Table 9 and Table 10,
respectively.

80,071

o Traditional instruction
PLTL model

70,04

60,01

50,0

General Chemistry Exam Achievement Scores
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T T T

Low Moderate High
achievers achievers achievers

Student achievement levels

Figure 3. Line Graph Showing the Interaction of Subgroups of Achievement Level Factor with Teaching
Method

According to the one way ANOVA results in Table 10, firstly there was a statistically significant difference
between the teaching methods for the low achievers’ group [F (1, 36) = 8.18, p = .007]. As seen from Table 9,
general chemistry exam achievement mean score of engineering students with low level of achievement instructed
by PLTL model (M = 56.82, SD = 10.91) were higher than those of engineering students with low level of
achievement instructed by traditional instruction (M = 46.15, SD = 10.89). Secondly, there was a statistically
significant difference with regard to the traditional instruction and PLTL models for the moderate achievers [F (1,
56) = 4.90, p = .080]. Therefore, moderate achievers who were trained with PLTL model (M = 63.94, SD = 16.32)
were more successful in the general chemistry exam than those who were trained with traditional teaching method
(M =55.40, SD = 13.06). Finally, there was no statistically significant mean difference in general chemistry exam
achievement score between PLTL group and traditional group with high level of achievement [F (1, 30) = 1.25, p
=.273].

Table 9. Descriptive Statistics Results of General Chemistry Exam Achievement in terms of Students’
Achievement Levels and Teaching Method.

Achievement levels Teaching methods N Mean SD Minimum Maximum
Low-achievers Traditional 13 46.15 10.89 29.0 62.0
PLTL 25 56.82 10.91 37.0 84.5
Total 38 53.17 11.92 29.0 84.5
Moderate-achievers Traditional 31 55.40 13.06 31.5 84.0
PLTL 27 63.94 16.32 24.0 925
Total 58 59.38 15.16 24.0 925
High-achievers Traditional 16 75.75 12.72 54.5 91.0
PLTL 16 70.53 13.72 46.5 93.0
Total 32 73.14 13.28 46.5 93.0
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Consequently, it was determined that for the low and moderate achievers, the general chemistry exam
achievement grades were better when they were taught with the PLTL model rather than traditional teaching but
the teaching methods applied for the high achievers did not make any difference in that.

Table 10. One-Way ANOVA Results of General Chemistry Exam Achievement by Students' Success Level

Achievement levels  Source Sum of df Mean F p n?
Squares Square

Low-achievers Between groups 973.01 1 973.01 8.18 .007 .185
Within groups 4280.63 36 118.91
Total 5253.64 37

Moderate-achievers Between groups 1052.78 1 1052.78 4.90 .031 .080
Within groups 12040.38 56 215.01
Total 13093.16 57

High-achievers Between groups 217.88 1 217.88 1.25 273 .040
Within groups 5250.23 30 175.01
Total 5468.12 31

The values of the eta squared (n2) given in Table 10 indicated that the low-achievers group had a large effect
size of 0.185 while the moderate-achievers group had a medium effect size of 0.08 (Cohen, 1988). In other words,
the proportion of variance in general chemistry exam achievement scores explained by the treatment was 18.5%
for the low-achievers and 8% for the moderate-achievers. These values of effect size pointed out that the
differences arising from teaching methods had practical significance too. When examining the general chemistry
exam achievement scores of high achievers, that was not statistically significant but also not practically significant
due to its small effect size (Eta squared = 0.040).

Discussion and Conclusion

In conclusion, this study revealed how general chemistry exam achievement scores of engineering students
with different achievement levels were influenced when traditional teaching and PLTL model were applied. The
low and moderate achievers in PLTL group showed greater performance in general chemistry exam compared to
those who received traditional instruction; however, it was found that there was no difference in general chemistry
exam achievement scores of the high achievers with respect to the teaching methods. Based on these results, exam
achievement of students with low and moderate level can be enhanced to a high level through PLTL model. These
findings provided a different dimension to the results presented for the effectiveness of the model in the literature.
When this model was continued through a sustainable mechanism, it can be argued that it will be probably observed
a further increase in the exam achievement of the students. To illustrate, Lewis (2011) advocates that the PLTL
model should be disseminated to different courses and subjects, not just one course in order to get more effective
results. Similarly, Mitchell et al. (2012) find that the effect of PLTL on students' achievements in the following
years is greater than the traditional instruction. Therefore, researchers suggest that these interventions should be
disseminated at the curriculum level.

In this study, the treatment was effective in low-achievers and moderate-achievers, even though it was
conducted biweekly. This work presents important results not only for chemistry educators but also for other field
educators about supporting students with low achievement level in the STEM and similar courses. We can also
say that active and collaborative models (Kuh, Cruce, Shoup, Kinzie, & Gonyea, 2008; Pascarella & Terenzini,
2005) are more effective to support meaningful learning compared to traditional teaching, based on the literature
related to effective college science teaching. Under the guidance of peer leaders, the PLTL model supported
students’ learning processes by providing them the opportunity to work with teams. The details about the six key
PLTL components prepared in coordination with the relevant literature on implementation guide for researchers
planning similar research.

Among the reasons why low and moderate achievers benefit more from PLTL model may be to feel themselves
belonging to a group. According to Snyder, Sloane, Dunk and Wiles (2016), students belonging to minority groups
feel isolated and unhappy in the context which traditional methods were applied, and thus, their achievement may
be lower. With group-oriented teaching methods, such students may feel to be more accessible to the learning of
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scientific concepts. For this reason, we can expect that the students who are in the lower group will attain a higher
level of success through PLTL and other similar learning environments. This model can be used in a way of
systematic, long-term and sustainable practices to prevent low- and middle-level students from leaving the school
due to the failure.

The first thing related to the limitations of this study is the duration of the implementation. Because in the
majority of the studies, the PLTL workshops were carried out once a week; however, in this study they were held
biweekly. Another issue related to the duration is the fact that PLTL model was generally disseminated on the
faculty basis, not limited to one semester. Nevertheless, the findings, which reported the difference in exam
achievement of moderate- and low-achieving students, were the desired result. The high achievers may have felt
that the group members were slowing themselves down. In addition, the random assignment of the experimental
and control groups rather than the random sampling of the students for each group is a common problem for most
quasi-experimental studies. This can be a problem for the external validity of the results. The findings of the study
can be generalized to the students in the research environment in which the treatment was conducted. The factors
that threaten internal validity may fall within the limitations of the study. Researchers tried to control such threats
at the highest level.

To summarize, PLTL has been extensively applied in our country for the first time in higher education. This
study offered a compelling evidence on the benefits of PLTL model about the supporting low and moderate
achievers in the research context
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Akran-Liderliginde Takim (")grenmgsi Modelinin Universite Ogrencilerinin
Genel Kimya Sinav Basaris1 Uzerindeki Etkisinin Incelenmesi

Giris

Universite 6grencileri arasinda ilk yillarda okulu terk etme orani oldukga yiiksektir (Barefoot, 2004) ve bu
durumun en 6nemli nedenlerinden birisi de basarisizliktir (Simsek, 2013). Kisisel etmenlerin yani sira okul
etmenleri (Peters, 1992) basarisizlig1 dolayisi ile dersleri ve okulu birakma oranlarini artirmaktadir. Bu durum fen
teknoloji miithendislik ve matematik (FeTeMM) gibi iiniversite birinci sinif giris derslerinde basariy1 engelleyen
kilit unsurlar arasindadir. Bu nedenle, bu gibi derslerde 6grenci basar, ilgi ve aidiyeti gibi degerleri artirma
potansiyeline sahip kapsamli programlara odaklanmak gerekmektedir. Tinto (1975) e gore bunu yapmanin bir
yolu, dgrencilerde akademik bir topluma aidiyet duygusu hissedecegi 6gretim modelleri gelistirmektir. Bunun
yaninda Tobias (1992) 'a gore, mentorluk iliskileri 6grencilerin basari ve kariyerlerinde kritik dnem tagimaktadir
ve geleneksel 6gretim yaklagimlart bu 6zelliklerin vurgulanmasi agisindan basarisizdir. Geleneksel 6gretim,
bilimsel sorgulamalarin 6n bilgi lizerine insa edilmesini ve bu sorgulamalarin gii¢lii miinazara ve tartigmalar ile
gelistirilmesi hususunda eksik kalmaktadir. Bu baglamda Akran Liderliginde Takim Ogrenmesi (ALTO) FeTeMM
alanlarinda yaygin olarak kabul goren ve uygulamalari olan bir dgretim modeli olmustur. ALTO, yukarida
bahsedilen sorunlarin iistesinden gelebilecek bir model olarak algilanmaktadir ¢iinkii bu uygulamalarda 6grenciler
bilimsel tartigmalara aktif katilim gosterirler. Bu durum 6grencilerin 6grenmesi dolayisi ile basarilari ile yakindan
iligkilidir.

Akran Liderliginde Takim Ogrenmesi (ALTO)

ALTO modeli, ilk olarak 1990'larin basinda New York Sehir Koleji'nde (CCNY) Genel Kimya dersinde David
Gosser tarafindan tanitildi ve Ulusal Bilim Vakfi'nmin (NSF) destegiyle Amerika Birlegik Devletleri'ndeki pek ¢ok
kolejde ve tiniversitede kimya, biyoloji, fizik, matematik ve bilgisayar bilimleri ile mithendislik derslerinde 6grenci
ogrenmesi ve yiiksek yipratma oranlartyla ilgili fakiilte kaygilarmi gidermek amagiyla uygulandi ve
yayglastirildi (Gafney & Varma-Nelson, 2008; Goodwin, 2002).

ALTO modeli, dersi veren &gretim elamanim derste hem genel rutinlerini hem de 6gretim yontemlerini
degistirmelerini gerektirmez. Varma-Nelson (2006, s.19)’ da “ALTO modeli'nin dersi aynen korudugunu ve
haftalik 2 saatlik ¢alistayla yeni bir yap1 olusturdugunu belirtmektedir. Ayrica, konunun 6zii iyi organize edilmis
ve destekleyici ¢alisma gruplaridir bu nedenle, dersin bir saatinin bu akran liderliginde calistay ile yer
degistirilmesi onerilir (Gafney & Varma-Nelson, 2008). Boylece, ALTO modeli, bir aktif §grenme ortaminda
ders konularina uygun olarak bir dizi takim ¢alismasina uygun olarak gelistirilmis problemleri tartismak ve ¢ozmek
i¢in bir akran liderin rehberliginde alt1 ya da sekiz 6grenciden olusan kiigiik bir grubun haftada bir araya geldigi
yapilandirilmig bir takim 6grenme bigimi olarak tanimlanabilir (Gafney & Varma-Nelson, 2008; VVarma-Nelson,
Cracolice & Gosser, 2004). Bu modelin bir diger 6zelligi ise, hem kimyada hem de iletisimde yetkin bir akran
liderinin 6zel rolidiir. Genel olarak dersi yakin zamanda basgarili (A veya B) ile bir sekilde tamamlamis ve liderlik
potansiyeli ile gliglii iletisim becerileri gosteren lisans 6grencileri arasindan segilir (Gafney & Varma-Nelson,
2008). ALTO calistaylarda, dgrenciler problemin ¢oziimii i¢in birlikte calisirlarken, akran liderde kullanilabilecek
kaynaklar, diisiinme sekilleri ve nasil bir siireg izlemeleri hakkinda tavsiyelerde bulunurlar (Crocolice & Deming,
2001). Ayrica, akran liderler, bir gruptaki 6grencilerin kendi aralarinda etkilesime girerek tarigma baglatmalarini
kolaylastirir, beyin firtinas1 yapma ve yapilandirilmis sorunlari ¢ézme ve tartisma konularinda da onlar1 tegvik
eder (Gosser ve digerleri, 2001). Varma-Nelson ve Coppola'ya (2005) goére, Ogrenciler tek bir dogru
cevabidgrenmek yerine ALTO cahstaylarinda cesitli ¢dziim yollar1 bulmayr ve bunlart degerlendirmeyi
amagladiklarindan dolayi, 6grenciler veya liderler i¢in cevap anahtarlar1 verilmemelidir.

Dersi veren gretim elamanin ALTO modelindeki rolii, ALTO calistay materyallerini hazirlamak ve akran
liderleri segmek ve dersleri i¢in onlar1 egitmektir (Gosser ve digerleri, 2001). Akran liderler, her hafta ders
konusunu ve ALTO calistay materyallerini tartismak igin 6gretim elamaniyla bir araya gelirler. Ayrica, ALTO
caligtayinin igerigi dersin haftalik konu programa paralel olmalidir. Dahasi, atlye materyalleri, sadece kavram
yanilgilarmi ele almak ve kimya kavramlarinda kavramsal anlayis gelistirmek i¢in degil, ayn1 zamanda gruplarda
isbirligini, etkilesimi, ve aktif katilimi tegvik etmek i¢in dikkatli bir sekilde olusturulmalidir (Gosser & Roth,
1998). Sonug olarak, dgrenciler kavramsal 6grenmelerini gelistirebilir ve bilimsel fikirleri sosyal bir toplulukta
tartigabilirler. (Gosser & Roth, 1998; Gosser ve digerleri, 1996; Sarquis ve digerleri, 2001; Varma-Nelson ve
digerleri, 2004).



Akran Liderliginde Takim Ogrenmesi ile Genel Kimya Basarisinin Artirilmast

Kuramsal Arkaplan

ALTO, &grencilerin aktif katilimim vurgulayan sosyo-bilissel kurama dayanmaktadir. Modelin arkasindaki
kuramsal yaklasim, Vygotsky’nin (1987) sosyal 6grenme kuramina dayanir. Model ayn1 zamanda yapilandirmaci
yaklagimin “6grencilerin 6grenmesi bireysel ve toplumsal siiregler igindeki aktif rol almalari ile yapilamr” (Ulusal
Arastirma Konseyi [National Research Council], 1996, s.28) ilkesine de dayanmaktadir. Driver, Newton ve
Osborne (2000)’na gére bu modelde kiigiik takimlar, bireyler arasindaki sosyal siiregler araciligi ile bilginin inga
edilmesine araci olan bilimsel topluluklardir. ALTO calistaylar1 da buna benzer topluluklar olarak dgrencilere aktif
ve igbirlik¢i 6grenme ortami sunarak tartigma, uzlagma, bilgiyi insa etme, anladiklarini sunma ve akranlarinin bakis
acilarini duyma firsat1 verir. Problemleri ¢dzerken 6grencilerin birbirleri ile etkilesimleri fikirlerin paylasiimasini,
degerlendirilmesini ve rafine edilmesini saglarken bu yolla her birey deneyimlerini kullanish bilgiye doniistiiriir
(Brown ve Campione, 1994; Brown, Collins & Duguid, 1991; Roschelle, 1992). Sinif ortaminda kavramsal
ogrenme "kisinin bagkalar ile iletisim kurma yolu ile bilgiyi sosyal siiregler iizerinden kurma ve onu yeniden
olusturma olanagina bagimlidir " (Driver ve digerleri, 2000, s. 298). Kisacasi bilgiyi anlama bagkalari ile iletisim
ve etkilesim kurarak gelisir, bu nedenle bilginin sosyal siirecler vasitasi ile olusturuldugu goriisiine dayanan
dgretim modelleri genis uygulama olanagi bulur (Brown ve digerleri, 1991). ALTO de bu modellerden biri olarak
“bilgiyi paylasmak”, “agikliga kavusturmak” ve “bilgiyi akranlara yaymak” gibi akran etkilesimlerine imkan
saglar (Rivard & Straw, 2000, s.585). Bu modelde gézlemlenen bir bagka anahtar siire¢ de 6grenci tartigmalarinda
gozlemlenen “bagli séylem” (connected discourse) yani 6grencilerin fikir aligveriglerinin ayrintilarinin neden
oldugu karmasik akil yiiritme siirecidir. Akran liderli 6grenme ortaminin sundugu bu ve benzeri siirecler bilginin
anlamli bir gekilde yapilanmasina zemin hazirlama potansiyeline sahiptir.

Ogrenci merkezli birgok 6grenme ortammmin temel unsuru, bir akran tarafindan &grenci etkilesiminin
kolaylastirilip, desteklenmesidir. Bu 6grenme ortam bireyin yakinsal gelisim diizeyini agmasini hedefler. Sosyal
ogrenme kuramecisi Vygotsky'ye gore (1978, 5.86), yakinsal gelisim bolgesi “kisinin bagimsiz bir sekilde problem
¢dzme durumunun ortaya koydugu mevcut gelisim diizeyi ile daha yetkin akranlarla igbirligi ya da yetiskinlerin
rehberliginde problem ¢ézme ile gelebilecegi olasi gelisim diizeyi arasindaki uzaklik” olarak tanimlanir. Ogrenci
merkezli yaklagimlarin olumlu bir bagka yan1 da 6grencilerin kavramsal olarak zengin olan ders materyalinin
dgrenmesinde birbirlerine yardim ederek yakinsal gelisim alanim desteklemesidir. ALTO modelinde akran lider
olan birey, dersin 6gretim elemanina kiyasla dgrencilerin yakinsal gelisim diizeyine esit ya da oldukga yakin
oldugu i¢in 6grencilerle etkilesime hocanin sahip olmadigi yollarla girme sansi bulur. Ayrica, akranin ders ve
icerik bilgisi ile ilgili mevcut 6grenci de olmayan yogun deneyimi, ona 6grencilerin karsilikl etkilesim ve fikir
aligverisini tesvik etmede kritik bir gorev yiikler. Bu gorevi iistlenen akran lider takimindaki tiim 6grencilerin
katilimini, desteklenmesini ve dzerkligini tesvik edecek sekilde galisir.

ALTO modeli isbirlikli 6grenme modelinde oldugu gibi 6grencilerin ortak amaca ulasmak icin birlikte
caligsmasi unsurlarini igerir (Johnson & Johnson, 1999, 2009; Johnson, Johnson, & Smith, 1991). Akran liderli
takim 6grenmesi karsilikli olumlu bagimlilik (positive interdependence) ve yiiz yiize etkilesimi biitiinlestirirken
ayn1 zamanda daha bilgili ve deneyimli bir akran lider aracilig ile kiigiik grup ¢aligmasimi ve bireysel hesap
verilebilirligi desteklemektedir. Ogrencilerin anladiklarini simif arkadaslarina anlatabilmesi bireysel hesap
verilebilirlik olarak 6rneklendirilebilir. Bu model de dgrencilere temel becerilerin 6gretilmesi formal islemlerden
ziyade siireg igerisindeki iletisim ve etkilesim yolu ile gelisir. Bunlarin 6tesinde tiim 6grenciler; kadinlar, erkekler,
azinliklar, yabanci uyruklular makul bir bigimde isbirlik¢i Ogrenme ortamina katilabilir ve bu ortamdan
faydalanabilir.

Genel Kimya Dersinde ALTO Uygulamalar

Arastirmalar 6grenci merkezli pedagojilerin 6grencilerin bagimli 6grenme topluluklari olugturmasina firsat
sagladigi i¢in klasik pedagojilerden 6grencilerin performanslarim artirma da daha etkili oldugunu gostermektedir
(Irvine, Code & Richards, 2013; Tutty & Klein, 2008). Etkinligi yiiksek olan bu dgretim modellerinden biri olan
ALTO yaklagimmin dgrenciler, liderler, dgretim iiyeleri ve kurumlar iizerinde etkinligi pek ¢ok Ogrenme
ortaminda dl¢iilmiis ve degerlendirilmis (Ba’ez-Galib, Colon-Cruz, Resto, & Rubin, 2005; Hockings, DeAngelis,
& Frey, 2008; Lewis & Lewis, 2005; Lyon & Lagowski, 2008; Tien, Roth, & Kampmeier, 2002), pek ¢ok
FeTeMM disiplinlerinde basarili oldugu ortaya konmustur (Hockings ve digerleri. 2008; Lewis 2011; Lyle &
Robinson 2003; Lyon & Lagowski 2008; Preszler 2009; Tien ve digerleri, 2002; Wamser 2006). ALTO konusu
ilk kez kimya alaninda uygulandigi i¢in, yapilan ¢aligmalarin ¢ogunlugu bu alanda 6zellikle genel kimya (Alger
& Bahi, 2004; Ba’ez-Galib ve digerleri, 2005; Chan & Bauer, 2015; Drane, Micari, & Light, 2014; Hockings ve

651



Eren Sisman, Cigdemoglu & Geban

digerleri, 2008; Mitchell, Ippolito, & Lewis, 2012) ve organik kimya (Lyle & Robinson, 2003; Tien ve digerleri,
2002) derslerinde uygulanmakla birlikte biyoloji (Prezler, 2009), matematik ve mihendislik (Liou-Mark,
Dreyfuss, & Young, 2010; Loui-Mark & Robbins, 2008) derslerinde de uygulandig: ve basarili sonuglar1 oldugu
belirlenmistir. Diger bir deyisle, ALTO grubu dgrencileri daha yiiksek notlar almis (Hockings ve digerleri, 2008)
ve 6grenmeleri daha kalici olmustur (Drane ve digerleri, 2014; Lewis, 2011).

Ba’ez-Galib ve digerleri (2005) Chem2Chem isimli etkilesimli bir program hazirlayarak lisans diizeyinde genel
kimya ogrencilerinin bagarili olmalarmi hedeflemistir. Dersin kalitesinden, icerik ve beklentilerden o6diin
vermeden Ogrencilere destekleyici bir dgrenme ortami hazirlanmig, 6grencilerin olumlu c¢alisma tutumu ve
ozgiivenleri desteklenerek akademik ve duygusal ihtiyaglar karsilanmistir. Arastirmacilar gelistirdikleri bu
programin dgrencilerin basarilari {izerinde carpici sonuglar1 oldugunu vurgulamaktadir. Ornegin, 1995 ve 1997
yillar1 arasinda (Chem-2-Chem den 6nce) 6grencilerin % 42-51 basarisiz olurken bu programdan sonra bu oran %
21 e diismiistiir. Ayrica, Hockings ve digerleri (2008) ALTO modelini geleneksel ders yapisi yerine kullanmay1
amaglayarak 6grenci basarisi {izerinde etkisini incelemistir. Sonuglar modelin 6gretim iiyelerinin ve 6grencilerin
ihtiya¢larini karsiladigini, modelin dersin zorunlu bir pargasi seklinde sunulmasinin geleneksel iiniversite yapisina
uydugunu ve 6grencilerin zorunlu olarak katilim gosterdigini ortaya ¢ikarmistir. Genel kimya dersini 2. doneminde
de ALTO modeli ile alan 6grencilerin performanslari birinci dénem ALTO ye katilmayan ogrencilerle
kiyaslandiginda yaklasik {igte birlik bir olumlu fark ortaya ¢ikmistir. Mitchell ve digerleri (2012)’de iki dénem
siiren genel kimya dersini ve ALTO niin 6grencilerin ikinci dénemki kimya dersine devam kararlarim incelemis,
ve tek donemlik uygulama ile 6grenci basarilarini arttiramadiklarini bulmuslardir.

Yine kimya alaninda yapilan ¢aligmalar1 inceledigimizde, Lewis ve lewis 2005 yilinda lisans diizeyinde genel
kimya dersinde akran liderli gruplar olusturmus, bu modelin 6grencilerin anlamalarint nasil etkiledigini
degerlendirmistir. Deneysel bir ¢alisma yiiriiterek ayni 6gretim elemanina ait bir grup deney grubunu olustururken
digeri kontrol grubunu olusturmustur. Ogrencilerin ara sinav ve final smavlar1 notlar1 karsilastirildiginda akran
liderli grup &gretiminin 6grencilerin performanslar iizerinde anlaml bir fark yarattig1 ortaya ¢ikmistir. Lewis
(2011) baska bir galigmasinda tamamen ALTO modelini iiniversite birinci sinif dgrencilerinin genel kimya
dersindeki performanslarini inceleyerek degerlendirmistir. Normal ders siiresini koruyarak, zamanin yaklagik tigte
birlik bir kisminda ALTO uygulanmis ve sonuglar geleneksel dgretim yapan gruplarla karsilagtirilmistir. iki
grubun sonuglari karsilastirildiginda, deney gruplarinin geleneksel yontemle ders isleyen gruplara gore istatistiksel
anlamda % 15 gibi anlaml1 bir farkla gelisim gosterdikleri ortaya ¢ikmis ve konularin ileriki zamanlarda hatirlanma
oraninin deney gruplarinda daha yiiksek oldugu tespit edilmistir. Ek olarak, arastirmact ALTO gruplarindaki
azinlik &grencilerin, kontrol gruplarindaki azinliklara gore dersi gegcme oranlarinin arttigini ortaya koymustur.
McCreary, Golde ve Koeske (2006) genel kimya dersinin laboratuarinda uygulama yapmis, deney ve kontrol grubu
olusturarak ALTO niin etkinligi incelenmistir. Gerek elde ettikleri nitel veriden gerekse dgrencilerin yazili smav
cevaplarmin igerik analizinden caligtayl yiiriiyen laboratuar 6grencileri diger gruptan daha yiiksek performans
gostermistir.

Amaral ve Vala (2009) lisans dgrencilerinin ilk dénem aldiklar1 genel kimya dersinde ALTO uygulamas:
yapmig, mentdrliik (akran liderlik) yapan Ogrenciler iizerinde uygulamanin etkisini, mentdrlerin sonraki
donmelerde ki basarillar1 ve konularin hatirlanabilmesini incelemistir. Mentdrlilk programima (egitimine)
katilmayan ve katilan ancak mentorlilk yapmayan 6grencilerin performanslar1 karsilastirilmistir. Birinci donem
genel kimya dersinde mentorlilk programina katilan &grencilerin diger 6grencilere gore daha yiiksek bir
ortalamaya sahip olduklari, daha az ¢aba gosterdigi halde dersten gekilme oranlarinin ¢ok daha diisiik oldugu
belirlenmistir. Gafney ve Varma-Nelson’nin (2007) yiiriittiigii ALTO deneyiminin akran liderler iizerindeki uzun
vadeli etkileriyle ilgili bir bagka ¢aligmada, akran liderlerin hem kendi performanslari gelistirdikleri hem de daha
Ozglivenli olma ve gelismis takim becerilerine sahip olmak gibi bazi kisisel kazanimlar elde etikleri rapor
edilmistir. Akran liderler lizerine yapilan baska bir ¢alisma da Schray, Russo, Egolf, Lademan, ve Gelormo (2009)
tarafindan yapilmistir. Aragtirmacilar dnceki yillardan segilen 6grencilerin yaptig1 akran liderligin mi yoksa sinif
iginden secilen akran liderlerin mi daha etkili olacagini incelemis, sinif iginden secilen akran liderlerin 6nceki y1l
dersi alan akran liderlerden farkli olmadigini ortaya ¢ikarmiglardir. Yazarlar iki farkli grubunda farkli bir rolii
oldugu yorumlamis, standart akran liderlerin daha ¢ok 6grettigini ve gruplarini daha iyi kontrol ettiklerini ancak
digerleri ile arkadag olmadiklarini, sinif i¢inden segilen liderlerin ise grup arkadaslarini daha iyi tanidiklarim
belirtmistir. Tki farkli tip akran liderli gruplarin akademik performanslari ve &grenci memnuniyet diizeyleri
karsilagtirildiginda her iki grubun tamamen esit oldugunu ortaya koymuslardir. Bir bagka ¢alismada Gosser (2011)
tarafindan yiiriitiilmiis, ALTO ¢alistaylarina katilan dgrencilerle katilmayan dgrencilerin notlar1 karsilastirilmistir.
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Sonuglar dersten C ve iistii not alan dgrencilerin yiizdesinin % 15 ALTO ¢alistayina katilan 6grencilerin lehine
oldugunu goéstermektedir.

Alan yazin 6zetinden anlasildig1 {izere modelin 6grenci performansi lizerinde azimsanmayacak etkisi vardir.
Ancak farkli basar1 diizeyinde dgrencilerin ALTO modelinden yararlanmasi ile ilgili yeterince sonug yoktur.
Tiirkiye de bu konuda kapsamli bir aragtirma yapilmamis olmasi, 6grenciler lizerinde etkisinin bilinmemesi bu
konuda bir arastirma yapilmasinin cazibesini artirmaktadir. Bu baglamda bu ¢alismanin amact bu modelin Tiirkiye
baglaminda bir vakif tiniversitesinde miithendislik fakiiltesi birinci smif 6grencilerinin genel kimya dersindeki
bagarilar1 izerinde etkisini incelemektir. Yontemin 6zellikle farkli basar1 gruplarindaki 6grencilerin basarisini nasil
etkiledigi arastirilarak konunun alan yazinina katkida bulunulacaktir. Temel arastirma sorusu, birinci sif
miihendislik 6grencilerinin genel kimya alanindaki sinav basarisi {izerine 6gretim yontemlerinin (PLTL modeli ve
Geleneksel 6gretim) ve basart diizeylerinin (diigiik, orta ve yiliksek) etkisi nedir. Alt sorular asagidaki gibidir.

1.  ALTO modeli ve Geleneksel 6gretim alan birinci sinif mithendislik 6grencilerin Genel kimya siav basari
notlar1 arasinda istatistiksel olarak anlamli bir fark var midir?

2. Birinci smif mithendislik 6grencilerin basart seviyelerinin (diisiik, orta ve yiliksek) Genel kimya sinav
basar1 notlari lizerinde istatistiksel olarak anlamli bir etkisi var midir?

3. Birinci sinif mithendislik 6grencilerin bagar1 diizeylerinin Genel kimya sinav basari notlarina etkisinde
uygulanan 6gretim yontemine (ALTO modeli ve Geleneksel) gore istatistiksel olarak anlamli bir fark var
midir?

Yontem
Arastirma Deseni

Bu ¢aligmanin amaci, lisans diizeyinde miithendislik d6grencilerinin aldig1 genel kimya dersinde akran liderli
takim caligmasi yiiriiterek 6grencilerin akademik basarist iizerine etkisini incelemektir. Deneysel arastirma
tekniklerinden olan yari-deneysel (quasi experimental) yontem kullanilacaktir. Egitim aragtirmalarinda genellikle
calismanin yapilacagi kurumda simiflar ya da 6grenciler rastgele segilemedigi i¢in tam deneysel ¢aligma yapmak
nerdeyse imkansiz denecek kadar zordur, bu nedenle egitim de yapilan ¢ogu deneysel arastirma da yar1 deneysel
tasarim kullanilir (Fraenkel & Wallen, 2006). Bu nedenle, mevcut ¢aligmada deney ve kontrol gruplari, ayni
profesoriin verdigi dersin iki subesinden rastgele se¢ilmistir. Tablo 1° de goriildiigii gibi deney grubuna bir donem
boyunca akran liderliginde takim Ogrenmesi modeli uygulanirken kontrol grubunda geleneksel &gretim
uygulanmis ve iki grupta ayni zamanda 2 ara sinava ve final sinavina girmislerdir.

Tablo 2. Arastirma Deseni

Gruplar _Uygulamalar _ Ara-Sinav 1 Uygulamalar Ara-Sinav 2 Uygulamalar Final
KG GO AS GO AS GO F
DG ALTO AS ALTO AS ALTO F

Not: DG: Deney grubu, KG: Kontrol grubu, ALTO: Akran liderli takim 6grenmesi, GO: Geleneksel dgretim, AS:
Ara smav, F: Final sinavi

Orneklem

Uygun ornekleme yontemi ile se¢ilen ¢alismanin 6rneklemini Atilim {iniversitende 1.sinif diizeyinde verilen
ve mithendislik 6grencilerinin aldig1 genel kimya (CEAC 105) dersine kayith olan 128 kisi olusturmaktadir. Ayn
Ogretim liyesi tarafindan verilen dersin kontrol grubunda (KG) 60 kisi (47’si erkek 13’{i kadin) bulunurken deney
grubunda(DG) 68 kisi (53'ii erkek 15'i kadin) bulunmaktadir. Deney grubu égrencileri, ALTO ¢alistayinin en az
50 % sini katilan kisilerden olusmaktadir. Ogrencilerin yasi, agirhikli olarak 19 civarindadir. Her basar
diizeyindeki 6grenci sayist da Tablo 2'de KG ve DG igin ayr1 ayri verilmistir.

Tablo 2. Geleneksel ve ALTO Modeline Gore Egitim Alan Ogrencilerin Ogrenci Basar1 Seviyeleri Agisindan
Frekans ve Yiizdelik Kargilagtirilmasi
Basan diizeyleri Ogretim yontemleri Toplam
Geleneksel ALTO
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Say1 Yiizde Say1 Yiizde Say1 Yiizde
Diisiik basarililar 13 21.8 25 36.8 38 29.7
Orta bagarililar 31 51.6 27 39.7 58 45.3
Yiiksek bagarililar 16 26.6 16 23.6 32 25
Toplam 60 100 68 100 128 100

Tablo 2’ deki iki grubun toplam ylizde degerleri incelendiginde en ¢ok y1gilmanin % 45.3 ile “Orta bagarililar”
kategorisinde ve ondan sonra % 29.7 ile “Diistik basarililar” kategorisinde ve onu takiben de % 25 ile “Yiiksek
basarililar’ kategorisinde oldugu gériilmiistiir. Bu genel kalip dgrenciler toplam olarak ele alindiginda ve ALTO
modelinde fark edilirken, geleneksel 6gretimde yiiksek basarililarin yiizdesi (26.6) diisiik basarililarin yiizdesinden
(21.8) daha fazla oldugu goriilmektedir.

Ayrica, daha 6nce Genel Kimya dersine devam etmis ve basarili bir sekilde tamamlayanlardan 14 6grenci akran
lider olarak se¢ilmistir. Akran liderlerini se¢mek i¢in amagh Ornekleme yontemi kullanmilmustir, ¢linkii akran
liderler ALTO modelinin dogru uygulanmasi igin baz1 gerekliliklere ve &zelliklere sahip olmalidir. Ornegin,
liderler daha once aldiklar1 bu derste basarili 6grenciler (B notu veya daha iyi) olmali ve liderlik, iletisim ve grup
caligmasinda bazi becerilere sahip olmahidirlar. Calismaya katilan 6grencilere ve liderlere goniillii katilim onay ve
bilgilendirilme formu uygulanmustr.

Veri Toplama Araclari

Genel kimya sinav basar: notu. Ogrencilerin smav notlar1 bu ¢alismada 6grencilerin genel kimya dersindeki
basarilarint gosterecektir. Genel kimya dersinde, 20 sorudan olusan ¢oktan segmeli olarak hazirlanan ve déonem
icerisinde yapilan 2 tane ara sinav ve ayni sekilde hazirlanan ve dénem sonunda yapilan 1 tane final sinavi vardir.
Bu sinavlarda her dogru cevap 5 puan ve her yanlis cevap 0 puan olarak kabul edilir ve toplamda her 6grencinin
alacagi not 0 ile 100 puan arasinda degisir. Ilaveten, bu sinavlardaki konu igeriklerine bakildiginda, Tablo 5 de
gosterilen boliim numaralarina goére 6, 7, 8, 9, 10 ara swmnav I de; 11,12, 5,19 ara smav II de ve yazilan biitiin
boliimler ise final sinavinda ¢ikmistir. Bu smavlar, o donem dersi veren dgretim iiyeleri tarafindan hep birlikte
hazirlanir. Ayrica, 6grencilerin toplam sinav basari notlart sinav puanlarina gore hesaplanmis ve bu sinavlarin
yiizdeleri Tablo 3' te verilmistir.

Tablo 3. Yapilan Sinavlarin Dénem Sonu Genel Kimya Notuna Yiizdelik Etkileri

Smavlar Not yiizdesi
Ara smnav [ 30%
Ara sinav II 30%
Final smavi 40%

Ogrenci basar diizeyleri (Universite yerlesme puanlar: -MF-4). 2011 - 2012 dgretim yilindan itibaren gecerli
olmak iizere Olgme, Secme ve Yerlestirme Merkezi (OSYM) tarafinda her yil yapilan sinav sistemi YGS
(Yiksekdgretime Gegis Smavi) ve LYS (Lisans Yerlestirme Sinavlari) olarak iki adimda gergeklesir. YGS tiim
derslerin ortak miifredat1 baz alinarak yapilan genel bir test iken LYS her dersin basarisini dlgmeye dayali brans
testleri toplulugudur. YGS'de YGS-1-2-3-4-5-6, LYS'de MF-1-2-3-4 (Matematik-Fen), TM-1-2-3 (Tiirkge-
Matematik), TS-1-2 (Tiirkge-Sosyal Bilimler) ve DIL-1-2-3 (Yabanci Dil) olmak iizere tam 12 ayri puan tiirii
bulunmaktadir. YGS ve LYS’ de en diisiik limit 100 en yiiksek limit 500° diir. Miithendislik fakdiltesi boliimleri
tercih ve yerlestirmelerde MF-4 puan tiiriine gore yerlesme yapilmaktadir. Ogrenci bu alandaki lisans
programlarindan birine yerlesmek i¢in YGS, LYS-1 (Matematik) ve LYS-2 (Fizik, Kimya ve Biyoloji) sinavlarina
girmesi gerekir. Daha sonra OSYM tarafindan bu sinavlardan aldiklar1 puanlar ie MF-4 puani hesaplanir. Genel
kimya dersini alan 6grencilerin 2015-2016 &gretim y1l1 iiniversite giris puanlar1 Atilim Universitesi 6grenci isleri
biriminden saglanmistir. Ogrencilerin MF-4 puan aralig1 209 ile 390.65 arasindadir. Ortalama 295.10 civarinda
standart sapma is 39.75 olarak hesaplanmistir. MF-4 puanlar1 kategorik hale doniistiiriilerek diisiik, orta ve yiiksek
basar1 seviyeleri olusturulmus ve Tablo 4’ de frekans degerleri gosterilmistir

Tablo 4. Ogrencilerin MF-4 Puan Tiiriiniin Kategorik Siniflandiriimasi {le Olusan Eklemeli Nispi Frekans Tablosu

Kategoriler AL-UL Frekans Nispi Frekans Eklemeli Eklemeli Nispi Frekans
(Not arahigr) (N) (%) Frekans (N) (%)

Diisiik Basarililar <270.00 46 36 46 36

Orta Bagarililar 270.00-319.99 50 39 96 75

Yiiksek Basarililar 320.00> 32 25 128 100
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Toplam 128 100
Not: AL: Alt limit, UL:Ust limit, N: Ogrenci sayist.

Uygulamalar

ALTO Modeli

Bu kisimda deney grubunda 14 hafta boyunca yapilacak uygulama tanitilmigtir. Bu uygulamada, iki hafta bir
haftalik {i¢ saat olan dersin bir saatlik kism1 almarak toplamda 6 ALTO calistay diizenlenmistir. Diger haftalarda
ii¢ saatlik ders yapilmaya devam edilmistir. Liderler akranlariyla ALTO ¢alistay igin belirlenen calisma salonuna
gelmis ve smifin bir kisminda kiime seklinde bir oturma diizeni olusturmuslardir. ALTO calistaylarinda liderler
bir yaka kart: takmuslar ve akranlarma isimleri ile hitap etmislerdir. Ogrenciler bu calistaylara daha énceden
uygulama icin hazirlanan ve onlara dnceden verilen kitapgik ile katilmuslardir. ik 10 dakikada akran liderler
akranlarinin daha 6nceden ¢ozerek geldikleri kisim ile ilgili onlarin zorlandiklari yerleri belirlemisler ve konu
hakkinda bir 6zet yapilmigtir. Daha sonrasinda kitap¢ikta bulunan grup halinde ¢oziilecek kisimla ilgili problemleri
kendisine lider egitimde anlatilan &gretme tekniklerini de kullanarak tartigtilar. Bu kisimda sorular1 ¢é6zmelerine
ve analiz etmelerine siire taminmug, Ve daha sonra 6grencilere sorular sorup onlar1 nasil problemleri ¢6zeceklerine
dair ipuglariyla ¢oziime yonlendirmislerdir. Birbirlerinden etkilenmeleri ve liderlerinin geri doniitleriyle kendi
¢ikarimlarinda bulunmuslardir. Verilen siire igerisinde problem ¢6ziimiiniin tiim akranlarca anlagilip anlagilmadigi
liderler tarafindan kontrol edilmistir. Problemler anlagildiktan sonra 6grencilere bireysel ¢ézecekleri bir ya da iki
sorudan olusan bir test verilmistir. Ogrenciler grup halinde takim sorularini tartistiktan ve nasil ¢dziilecegini
ogrenmesinden dolay1 bu sorular1 bireysel ¢ozer duruma gelmistir. Bu test degerlendirildikten sonra yapilamayan
sorular o konunun iyi anlagilamadiginin bir kanit1 olarak alinmis ve bdylece dgrencilere liderler tarafindan gerekli
doniitler saglanmustir.

Uygulamanin uygunlugunu (fidelity) ve dogrulamasini (verification) artirmak i¢in, ALTO grubunda yapilacak
uygulama, alanyazin ve modelin teorik cercevesi yardimiyla agik¢a tammlanmustir. Bu nedenle, ALTO modeli’nin
uygulanmasina iliskin el kitab1 (Gosser, al. 2001) kilavuz olarak ele alinmig ve Gafney tarafindan 6nerilen alti
kritik bilesen (Gafney &Varma-Nelson, 2008) uygulamanin temeli olarak takip edilmistir. ALTO modelinin bu
alt1 kritik bileseni olan boliim destegi, dersin bileseni olarak goériilmesi, kurum igi/orgiitsel diizenlemeler, idari
destek, ders materyallerinin hazirlanmasi, akran liderlerin se¢imi ve akran liderlerin egitimi ilerleyen boliimlerde
kisaca agiklanmustir. Ayrica, Sekil 1, uygulama dncesi ve uygulama sirasindaki bu bilesenleri igeren siiregleri toplu
olarak gdstermektedir. Bu bilesenler, ALTO modelinin tanimlanmasi, etkili uygulanmasi, degerlendirilmesi ve
diger iligkili 6grenci merkezli metotlardan ayrilmasi agisindan biiyiik dnem tasimaktadir ve diizgiin bir sekilde
uygulananirsa, dgrenci performanslarinda gozle goriiliir bir artis olmasit beklenmektedir. (Gafney ve Varma-
Nelson, 2008).

Boliim desteginin alinmasi. ALTO uygulamasinin sorunsuz ilerlemesi i¢in ilk adim boliim desteginin alinmasidir.
Bunun i¢in genel kimya dersini veren Kimya Miihendisligi ve Uygulamali Kimya Boliimii’niin 6gretim iiyeleri ve
elemanlar bilgilendirilmis ve arastirma kapsaminda yapilacak degisiklikler icin destek verilmesi istenmistir. Dersi
verecek dgretim iiyesi, 6zellikle uygulama boyunca ALTO calistayda goniillii olarak isbirligi igerisinde olmustur.

 — ~ )
Bolum Desteginin Alinmasi Dersin Bileseni Goriulmesi icin Calismalar Kurum ici diizenlemeler / idari Destek
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Bunun igin, &gretim {iiyesi hazirlanan materyallerin igerikleri ders saatinde islenen konularla ortligmesi
gerektiginden materyalleri incelemeleri, doniit vermeleri ve diizenlemeler yapilmasina destek vermistir.

Dersin bilegeni goriilmesi. Dersin diger bilesenleri (teorik ders, laboratuar, problem ¢dzme) gibi goriilmesi ve
digerleri ile biitiinlesmis ve koordineli olmas1 6nemlidir. Bu nedenle de bu ¢alistaylar 6grenciler i¢in dersin diger
kisimlar1 drnegin laboratuar gibi zorunlu olacaktir. ALTO ¢alistaylarinda bireysel olarak quizler yapilacak ve
yoklamalar alinacaktir. Genel kimya dersinin haftalik ders siiresi 50 dk lik 3 ders saatidir. Caligma kapsaminda
dersin 50 dk 1 ders saatini alimp ALTO calistay1 olarak diizenlenmistir. Gafney ve Varma-Nelson (2008) galistayin
etkili olabilmesi igin ideal siirenin 90 ile 120 dakika arasinda olmasini sGylemistir. Bu nedenle 50 dk lik siire
ogrencilerin programlarryla cakismayacak durumda 70 dk cikarilmustir. ALTO c¢ahstaylarm igerikleri o haftaki
teorik derste gordiikleri konularla paralel olarak yiiriitiilmiistiir.

Kurum i¢i diizenlemeler ve idari destek. Haftalik ALTO galistaylarinin aksamadan yiiriitiilmesi igin grup
caligmasina uygun ortamin olusturulmasi ayrica lider egitimlerinin yapilacagi yerlerin tahsis edilmesi
gerekmektedir. Bu nedenle, kampuste bu ¢alismaya uygun olarak mithendislik fakiiltesi 6grenci ¢alisma salonu
belirlenmis ve idari birimden gerekli izinler alinmustir. Ayrica, gerekli olabilecek ek malzemeler masa, sandalye
vb gibi dgrenci sayisina gore yeniden diizenlemeler yapilmistir. Akran liderlerin egitim saatlerinin ve ALTO
calistayina katilim zamanlarinin kendi ders programlariyla ¢akismayacak sekilde ayarlamalar yapilmustir.

ALTO Calistay materyallerinin hazirlanmasi. Atllim Universitesinde Genel kimya (CEAC 105) dersi kimya
miihendisligi ve uygulamali kimya boliimii ve metaliirji ve malzeme miihendisligi hari¢ diger tiim miithendislik
ogrencilerinin zorunlu olarak aldig1 5 AKTS kredili, haftalik 3 ders saati olan iki haftada bir de 3 saat laboratuari
olan bir derstir. Mithendislik 6grencileri bu dersi tek donemde almaktadirlar. Dersin igerigi ve derste okutulan ders
kitabindaki (Brown ve digerleri, 2015) ilgili boliim numaralar1 ve tahmini ders siiresini gosteren bilgiler Tablo 5’
de goriilmektedir. Derste genel kimyanin segili konular1 islenmektedir.

Uygulama baslamadan dnce Tablo 5°de de bahsedilen her konu ile ilgili ALTO ¢alistaylarinda ders materyalleri
donem baginda hazirlanmistir. Bu siiregte, ALTO modelinde bahsedilen ve Gosser ve digerleri (2001) tarafindan
“ALTO Rehber Kitab1” da &nerilen, ALTO ¢alistaylarinda kullanilan problemlerin dgrencileri uygun seviyede
zorlamasi, dersin igerigine uygun olmasi ve ayni zamanda aktif ve igbirlik¢i 6grenmeyi tesvik etmesi gibi noktalara
uygunluguna dikkat edilmistir. Buna ek olarak, sorularin olusturulmasinda Vygotsky (1987) tarafindan 6nerilen
“Yakinsal Gelisim Alan1” kavram dikkate alinip teorik ger¢eve bu dogrultuda olusturulmustur. Bu dogrultuda
ALTO calistayinda kullanilmak iizere bir kitapgik hazirlanmis ve bu kitapgikta her iinite i¢inde konu, konunun alt
bagliklar1 ve ilgili kazanimlar bulunmaktadir.

Tablo 5. Genel Kimya 105 Ders Konulari ve Stireleri

Unite Numaralar Konular Tahmini Ders Siireleri
6 Atomlarin Elektronik Yapist 7
7 Elementlerin Periyodik Ozellikleri

8 Kimyasal Baglarin Temel Kavramlar1 5
9 Molekiil Geometrisi ve Baglanma Teorileri 4
10 Gazlar 3
11 Stvilar ve Molekiiller Arast Kuvvetler 5
12 Katilar ve Modern Materyaller 2
5 Termokimya 6
19 Termodinamik

14 Kimyasal Hiz 5

Ayrica her iinitedeki ALTO calistay problemleri, Sekil 2 de gosterildigi gibi 3 béliimden olusmaktadir: (1)
Ogrencilerin galistaya katilmadan &nce tamamlayacag bir kendini-test-et kismu, (2) Haftalik ALTO ¢alistaylarinda
akran liderleri ile isbirligi icerisinde ¢dzecekleri problemler, (3) Ogrencilerin anlamalarini test edecek ALTO
caligtayindan sonra bireysel olarak ¢6zecekleri alistirmalar bulunmaktadir. Kendini test et boliimiinde, o haftaki
konuya ait 6zet niteliginde dgrencilerin tek baglarina ¢ozebilecekleri coktan se¢meli problemlerle 6n degerlenme
yapilmistir. Problemler, ALTO cahstayina gelmeden once ogrencilere verilip ¢ozmeleri istenmis ve bu
calistaylarda da bu problemler hizlica tekrar edilip grupga ¢dzecekleri problemlere gegilmistir. Isbirligi igerisinde
¢ozecek ikinci boliimde, takim dgrenmesi problemleri konuya gore 3 yada 4 agik uglu, akran lider yardimiyla
¢oziilebilen ve takim g¢aligmasina uygun sekilde olusturulmus problemlerden olugsmaktadir. Boylelikle, akran
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liderlerin yardim1 ve isbirlik¢i ¢alismalardan kaynakli olan 6grenciler arasindaki sosyal etkilesim ile 6grencilerin
potansiyelleri artirilmaya ¢aligilmigtir. Daha sonra, 6grencilere onlarmn bireysel performanslarini degerlendirmek
icin takim 6grenmesi problemlerine benzeyen 1 ya da 2 sorudan olugan bireysel olarak ¢ozmeleri istenilen ¢oktan
segmeli yada agik uclu problemler verilmistir. Ogrenciler grup caligmasindan sonra bu problemleri bireysel olarak
¢ozebilmeleri beklenmektedir. Her 6grenci igin yardim almadan bagimsiz olarak problem ¢ézme seviyesi ve
sonrasinda akran lider yardimi ile sosyal etkilesime girdikten sonra bireysel olarak problem ¢ozebilecegi seviye
arasinda ortaya cikan fark 6grencinin yakinsal gelisim alamdir. Sonug olarak, ALTO modeli, grencilerin yakinsal
gelisim alanini en iyi sekilde kesfetmelerini ve kullanmalarini saglayacak materyalleri destekledigi ¢ikarsanabilir.
Bireysel On Degerlendirme/

Tekrar Problemleri
Sekil 4. ALTO Calistaydaki Problemlerin Boliimleri

Takim Ogrenmesi Problemleri ] = { Blreyssl{olgi:;g;rlzf:rrildlrme

Akran liderlerin belirlenmesi. Akran liderler gerek konu alan bilgisi gerekse liderlik 6zellikleri bakimindan iyi
egitilmis olmalidir. Bu nedenle, akran lider adaylarimin oncelikli olarak bir 6nceki donem veya yil genel kimya
105 dersini almis ve bu dersten ilk % 20 lik dilimde bulunmus olmalar1 beklenmistir. Daha sonra, bu adaylarla
goriismeler yapilmis ve iletisim becerileri de dikkate alinarak 14 akran lider se¢ilmistir. Caligmaya katilacak akran
liderler belirlendikten sonra kendilerine aynen 6grencilerde oldugu gibi arastirmaya goniillii katilim istegi formu
uygulanmuistir.

Gruplarin  olusturulmasi. Verimli tartismalarin  gergeklesebilmesi i¢in takimlarin biiyiikligiinin ve
gesitliliginin uygun olmasi gerekmektedir. Gafney ve Varma-Nelson (2008) 6 ile 8 kisi arasinin bir takim i¢in ideal
oldugu belirtmislerdir ve bu ¢alismada ortalama grup biyiikligi bes 6grencidir. Gruplarin birbirleriyle esit
olanaklara ve 6zelliklere sahip olmasini saglamak i¢in, gruplar olusturulurken 6grencilerim cinsiyeti, basar1 diizeyi
ve boliimleri gibi bazi demografik bilgileri incelenmistir. Ornegin, {iniversiteye giris puanlar1 dikkate alinarak
ogrenciler diigiik orta ve yiiksek basari seviyesi olarak 3 gruba ayrilmis ve her takimda bu 3 seviyeden 6grenci
olmasina dikkat edilmistir. Ayrica, gruplarda her boliimden 6grenci ve kiz 6grenci olmasi saglanarak heterojen bir
yapt olusturulmustur. Her takima liderler alfabetik isim siralamasiyla rastgele atanmustir.

Akran liderlerin egitimi. Liderler ALTO cahistaylarinda sorulari tartismadan dnce iki hafta da bir diizenlen ve
dénem boyunca sekiz defa yapilan 1,5 saatlik egitim toplantilarina katilmiglardir. Bu egitim boyunca Roth,
Goldstein ve Marcus (2001) tarafindan yazilan “Akran Liderliginde Takim Ogrenmesi: Akran Liderler El Kitab1”
icersindeki konulara deginilmeye c¢alisilmigtir. Akran liderlere, “liderlik becerileri” , “pedagojik destek” ve “ders
materyalleri” olmak lizere 3 tema lizerine egitim verilmistir. Boylece, liderler egitim i¢in toplandiklarinda o haftaki
ders materyallerinin ¢éziimiine iliskin tartigma yapmalarinin yaninda pedagojik bilgiler ve sosyal iletisim ile ilgili
bilgiler almiglardir.

Liderlik 6zellikleri ile ilgili kisimda, yonetim alaninda uzmanlig1 olan bir akademisyen, dénemin basinda
liderlere 2 saatlik bir egitim verip, akranlari ile nasil iletisim kuracaklar1 konusunda bilgilendirmede bulunmustur.
Bu egitimin temel bagliklart; etkileyici konugma ve ikna becerisi, dinleme becerisi, geri bildirimde bulunma
becerisi, pozitif yaklagimla iletisim kurma becerisi, iletisimde zamanlama becerisi, beden dilini etkili kullanma
becerisiydi. Pedagojik destek temasi altinda ise arastirmacilar tarafindan liderlere akranlarina nasil yardim
edecekleri ile ilgili her toplantida kisa bilgiler verilmistir. Bunlar, liderlerin rolii, 6grenme teorileri, 6grenme
stilleri, soru sorma teknikleri, 6grencilerdeki 6grenme farkliliklari, motivasyon, herkese esit firsatlar, irk-sinif-
cinsiyet, vb alt basliklariydi. Bunun yaninda, sosyal yapilandirmacilik kurami, ¢oklu zeka kuramu, isbirlik¢i
Ogrenme ve 6gretme stratejileri bu toplanti saatlerinde konusulmustur. Liderlerin konunun dogasina ve grubundaki
ogrencilerin ihtiyaglarina gore uygun Ogretme stratejisini sec¢ip uygulamasi beklenmistir. Bununla birlikte,
egitimde akranlarina problem ¢ézmenin agamalari, akranlarina s6z hakki verme, zaman tanima, ipuclar1 verme,
diisiik ve yiiksek bilgi sahibi dgrencilerin ihtiyaglar1 arasinda denge kurma gibi konulara iligskin gerekli bilgiler
saglanmustir. Ders materyalleri akran liderlerin egitiminin &nemli bir kismini olusturmustur. ALTO Calistay
stiresince hangi kisma ne kadar vakit ayiracaklari, 6grencilerin materyallerin ¢dziimiinde karsilasacaklari
muhtemel giicliikler ve ihtiyag¢ duyduklarinda bagvurabilecekleri ekstra kaynaklar, materyallerin ¢6ziimiine dair
tiim detaylar bu egitimde tartigilmigtir. Akran liderlere ve 6grencilere ALTO modelinde de vurgulandigi gibi
ALTO galistayindaki problemlerin cevap anahtari verilmemistir (Varma-Nelson & Coppola, 2005). Liderlerin bu
calismadaki rollerini iyi anlamasi ¢ok énemlidir ¢iinkii ALTO ¢alistaylarinda birer dgretmen degil de daha cok
rehber gibi davranmalar1 gerekmektedir.
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Geleneksel Ogretim

Kontrol grubundaki dgrenciler, 14 hafta boyunca ayni 6gretim iiyesi tarafindan verilen genel kimyanin ii¢ ders
saatine girmisler ancak ALTO calistaylara katilmamislardir. Deney grubunun ders saatinde de oldugu gibi aym
Ogretim tiyesi 6ncelikle 0 haftaki konunun kavramsal igerigini tanitmig ve daha sonra konuyla ilgili uygulamaya
yonelik bazi sorulari ¢dziimlemislerdir. Kontrol grubundaki ders siiresinin iigte biri ALTO calistayma
ayrilmadigindan, dgretim iiyesi bu grupta sorulari ¢zecek daha cok zamana sahipti.

Ayrica kontrol grubu ve deney grubu i¢in ders saatlerinden bazilar1 gdzlemlenmis ve aragtirmacilar tarafindan
bazi alan notlar1 alinmustir. Derste, genellikle 6gretim tiyesi tarafindan kavram aciklanarak tahtaya yazilmig, sonra
kavramlarla ilgili problemleri kendisi tarafindan ¢6ziilmiis, daha sonra problemlerle ilgili birkag soru sormus ama
bunlar1 diisiinmeye ve analiz etmeye zaman vermemistir. Bazi 6grenciler kavram ve problemler ile ilgili notlar
alirlarken, bazilar1 ise sadece dinledi. Baz1 &grenciler ie Ogretim iiyesi arasinda arasinda sorulan sorular
dogrultusunda bazen tartigmalar olmustur. Ancak 6grenciler genellikle pek soru sormadilar, ve kavram hakkinda
derin disiinmemislerdir. Dersde kullanilan yontem, temel olarak klasik anlatim, sorgulama ve bazen de birkag
ogrenci ile 6gretmen arasindaki tartismalardir. Bu nedenle, agirlikli olarak 6gretmen merkezli oldugu sonucuna
varilmistir. Son olarak, geleneksel 6gretimin, dersi veren 6gretim elemani tarafindan ¢aligma sirasinda amaglandigi
sekilde kullanildig1 sonucuna varilmistir.

Verilerin Analizi

Calismadaki verilerin analizinde SPSS 24 paket programi kullanilmustir. Veriler iki yonlii varyans analizi (two-
way ANOVA) ile incelenmigtir. Bu analizin se¢ilmesinin nedeni iki bagimsiz degiskenin (6gretim yontemi ve
bagar1 diizeyi) bir bagimli degisken (genel kimya sinav basar1 notu) iizerindeki etkisini ayr1 ayri test etmek yerine,
faktorlerin temel etkilerini ve iki faktoriin bagimli degisken iizerindeki ortak etkisini es zamanli olarak test
etmektir. Bu calismada istatiksel olarak anlamli bir ortak etki bulundugundan dolay1 her basar diizeyi i¢in tek
yonlii varyans analizi (one-way ANOVA) yapilarak basit temel etkiler verilmistir. Verilerin analizi, varsayimlari
kontrol edilerek 95 % giiven araliginda yapilmistir. Bu varsayimlar; verilerin bagimsiz olmasi (bagimsizlik),
bagimli degiskenin siirekli 6lgek olmasi ve bagimsiz degiskenin bir grup degiskenine (categorical) sahip olmast,
grup i¢ci dagilimlarin normal olmasi (within group normality) (normallik) ve varyanslarin homojenligi
(homojenlik) dir.

Bulgular

Caligmanin bulgular kisminda 6gretim yontemleri ve 6grenci bagari diizeylerine gore genel kimya sinav basari
notu betimsel istatistiklerine, iki yonlit ANOVA ile dgretim yontemi ve basar1 diizeyi faktorlerinin dgrencilerin
genel kimya smav basarisi tizerindeki bireysel temel etkilerini ya da ortak etkisini istatiksel olarak anlamli bir
sekilde agiklayip agiklamadigina ve tek yonlii varyans analizi ile 6grencilerin genel kimya sinav basar1 puanlarinin
gruplarda uygulanan 6gretim yontemlerine gore 6grenci basari seviyeleri agisindan farklilagip farklilasmadigina
yer verilmistir.

Caligmaya katilan birinci sinif miithendislik 6grencilerinin genel kimya smav bagarit puanlarinin dgretim
yontemi ve basar1 diizeylerine gore ortalama ve standart sapma degerleri Tablo 6 ve Tablo 7°da yer almaktadir.
Tablo 6’den goriilebilecegi gibi 6gretim yontemi degiskenine gore, geleneksel 6gretim ve ALTO modeliyle egitim
alan &grenciler icin genel kimya sinav basari ortalama puanlar sirasiyla 58.83 ve 62.88 olarak hesaplanirken
standart sapma degerlerinin sirastyla 16.47 ve 14.71 oldugu goriilmiistiir.

Tablo 3. Ogretim Yontemlerine Gore Genel Kimya Sinav Bagar1 Notu Betimsel Istatistik Sonuglar1

Ogretim yontemleri N X SS

Geleneksel 60 58.83 16.47
ALTO 68 62.88 14.71
Toplam 128 60.98 15.63

Benzer sekilde Tablo 7’de gosterildigi gibi diisiik basari, orta basar1 ve yliksek basari diizeyine sahip
ogrencilerin genel kimya sinav basar1 ortalamalar sirasiyla 53.17, 59.38 ve 73.14’tiir. Bu diizeylerin standart
sapma degerleri ise sirastyla 11.92, 15.16 ve 13.28 olarak bulunmustur.

Tablo 4. Ogrenci Basar1 Seviyelerine Gore Genel Kimya Sinav Basar1 Notu Betimsel Istatistik Sonuglari
Basar diizeyleri N X SS
Diistik basarililar 38 53.17 11.92
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Orta basarililar 58 59.38 15.16
Yiiksek basarililar 32 73.14 13.28
Toplam 128 60.98 15.63

Miihendislik fakiiltesi birinci smnif dgrencilerinin genel kimya sinav basarilarinin 6gretim yontemi ve basari
diizeyi faktorlerine gore istatistiksel olarak farklilik gosterip gostermedigini ortaya koymak amaciyla yapilan iki
yonlii varyans analizine (two-way ANOVA) goére, Tablo 8 de gosterildigi gibi hem basar1 diizeyi (F(2,
122)=22.38, p=.000) hem de 6gretim yontemi ve basar1 diizeyi arasindaki etkilesimin (F(2,122)=3.62, p=.030)
ogrencilerinin genel kimya sinav bagarilarinin 0,05’lik anlamlilik diizeyinde istatistiksel olarak anlamli bir farklilik
oldugu bulunmustur. Hesaplanan etki biiyiikliigiiniin, basar1 diizeyi faktorii igin biiylik (large) ve ortak etki faktorii
icin orta (medium) oldugu ve bu faktdrlerin toplam varyansin sirasiyla % 26.8 ve %5.6’ini agikladigi
goriilmektedir (Cohen, 1988). Sonug olarak, hem istatistiksel olarak anlamlilik hem de pratikte anlamlilik s6z
konusudur. Buna ragmen, varyans analizi sonuglar1 6gretim yontemi faktoriine gore istatistiksel olarak 6nemli bir
farkin olmadigimi gostermistir (F(1,122)=3.56, p=.062).

Tablo 5. Ogretim Yéntemi ve Basar1 Diizeyi Faktorlerini Igeren Genel Kimya Sinav Basarilartyla Tlgili Tki
Yonli ANOVA Sonuglari

Kaynak KT sd KO F p Kismi n?
Ogretim yéntemi 628.76 1 628.76 3.56 .062 .028
Basar1 diizeyi 7912.69 2 3956.34 22.38 .000 .268
Ogretim yontemi*basar diizeyi 1280.69 2 640.35 3.62 .030 .056

Geleneksel dgretim ve ALTO modeline gore egitim alan miihendislik dgrencilerinin genel kimya sinav
basarilar1 Sekil 3'te de gosterildigi gibi 6grenci basar1 diizeyleri degiskeninden etkilediginden dolay1, faktérlerin
temel etkilerini Tablo 8 deki iki yonlii anova sonucundan yorumlamak yaniltict olabilir (Pallant, 2011). Bu
nedenle, diisiik basarililar, orta basarililar ve yiiksek basarililar i¢in 6gretim yontemlerinin istatistiksel olarak
anlamli diizeyde farklilagip farklilasmadigi ayr1 ayri tek yonlii anova teknigiyle analiz edilerek basit temel etkileri
incelenmistir. Betimsel ve yordamsal istatistik sonuglari sirasiyla Tablo 9 ve Tablo 10° da sunulmustur.

s0.0-

Geleneksel Sgretim
ALTO modeh

s0.0

Genel kintya sy basan potlan

0.0

10,0

Dugok Ona Yuksek
baganhlar bagarihilar bagarililar

Ofrenci bagan dazevler:

Sekil 5. Ogretim Yontemi ile Basar1 Diizeyi Faktorliiniin Alt Gruplarmin Etkilesimini Gosteren Cizgi Grafigi

Tablo 10° daki tek yonlii ANOVA sonuglarina gore, ilk olarak diisiik basarilt grup igin dgretim yontemleri
arasinda istatistiksel olarak anlamli bir fark bulunmustur [ F (1, 36) = 8.18, p =.007]. Tablo 9* dan da goriildiigi
gibi, ALTO modeline gore egitim alan diisiik basari diizeyine sahip miihendislik fakiiltesi 6grencilerinin ( M =
56.82, SS = 10.91) genel kimya smav bagar1 notlar1 geleneksel egitim alan diisiik basar1 diizeyine sahip
miihendislik fakiiltesi 6grencilerinden (M = 46.15, SS = 10.89) daha yiiksektir. Tkinci olarak, orta basar1 diizeyine
sahip 6grenci grubu igin geleneksel ve ALTO modeline gore egitim almalar1 agisindan istatistiksel olarak anlamli
bir fark bulunmustur [ F (1, 56) = 4.90, p =.080]. Dolayisiyla, orta basar diizeyine sahip 6grencilerden ALTO
modeline gore egitim alanlar ( M = 63.94, SS = 16.32) geleneksel Ogretim yOntemine gore egitim alan
ogrencilerden (M = 55.40, SS = 13.06) genel kimya sinavinda daha basarili olmuslardir. Son olarak, yiiksek basari
diizeyine sahip 6grencilerin geleneksel ve ALTO modeline gére egitim alan iki grubu arasinda genel kimya sinav
basar1 notlarinda istatistiksel olarak anlaml bir fark gézlenmemistir [ F (1, 30) = 1.25, p =.273].

Tablo 6. Ogrenci Basar1 Seviyeleri ve Ogretim Yontemine Gore Genel Kimya Sinav Basar1 Notu Betimsel
Istatistik Sonuglari

Basan diizeyleri Ogretim yontemleri N X SS Minimum Maksimum
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Diisiik basarililar Geleneksel 13 46.15 10.89 29.0 62.0
ALTO 25 56.82 10.91 37.0 84.5
Toplam 38 53.17 11.92 29.0 84.5
Orta basarililar Geleneksel 31 55.40 13.06 315 84.0
ALTO 27 63.94 16.32 24.0 925
Toplam 58 59.38 15.16 240 925
Yiiksek bagarililar Geleneksel 16 75.75 12.72 54.5 91.0
ALTO 16 70.53 13.72 46.5 93.0
Toplam 32 73.14 13.28 46.5 93.0

Sonug olarak, diisiik ve orta diizey basarili 6grencilerin ALTO modeliyle dgretim aldiklarinda geleneksel
Ogretim alan gruba gore genel kimya sinav bagari notlarinin daha iyi oldugu, ancak yiiksek basarili 6grenciler i¢in
uygulanilan 6gretim yontemlerinin bir fark olugturmadigi belirlenmistir.

Tablo 7. Ogrencilerin Basar1 Diizeyine Gore Genel Kimya Sinav Basarilariyla ilgili Tek Yonli ANOVA

Sonuglari

Basan diizeyleri Kaynak KT sd KO F p 1’

Diisiik basarililar Gruplar arast 973.01 1 973.01 8.18 .007 .185
Grup igi 4280.63 36 118.91
Toplam 5253.64 37

Orta basarililar Gruplar arast 1052.78 1 1052.78 4.90 .031 .080
Grup igi 12040.38 56 215.01
Toplam 13093.16 57

Yiiksek bagarililar Gruplar arast 217.88 1 217.88 1.25 273 .040
Grup ici 5250.23 30 175.01
Toplam 5468.12 31

Tablo 10’da verilen eta kare (n2) degeri, diisiik basar1 gosteren grup 0.185 ile biiyiik etki biiyiikliigiine sahipken
orta basar1 gosteren grubun 0.08 ile orta etki biiyiikliigiine sahip oldugunu gostermektedir (Cohen, 1988). Diger
bir deyisle, uygulama tarafindan agiklanan genel kimya sinav basari notlarindaki varyansin orani, diisiik basarililar
icin % 18.5 ve orta diizey basarililar i¢in % 8 oldugu goriilmektedir. Etki biiyiikliiklerinin bu degerleri 6gretim
yontemlerinden kaynakli farkliliklarin pratik anlamlilik tagidigi da goriilmektedir. Yiiksek basari diizeyinde olan
grubun genel kimya sinav basari notlar1 incelendiginde istatistiksel olarak anlamli olmamanin yaninda kii¢iik etki
biiytikliigiine sahip oldugundan dolay1 hem de pratikte anlamli olmadig1 goriilmektedir (Eta kare = 0.040).

Tartisma ve Sonu¢

Sonug olarak, bu calisma farkli basar1 seviyelerindeki miihendislik fakiiltesi dgrencilerinin ALTO modeli ve
geleneksel 6gretim uygulandiginda genel kimya basar1 notlarini nasil etkilendigini ortaya ¢ikarmustir. ALTO
modeliyle 6gretim alan diisiik ve orta basar1 diizeyindeki 6grenciler geleneksel dgretim alan 6grencilere kiyasla
genel kimya sinav basar1 notlarinin daha yiiksek oldugu, ancak basar1 diizeyleri yiiksek olan Ggrencilerin
uygulanilan 6gretim yontemlerine gore sinav basarilarinda bir farkliliginin olmadig: belirlenmistir. Bu sonuglari
temel alarak, ALTO modeli ile 6gretim yapildiginda basari diizeyleri diisiik ve orta olan dgrenci gruplarini daha
iist basar1 seviyelerine ¢ekebilecegimizi sdyleyebiliriz. Bu bulgular alanyazinda modelin etkinligine yonelik
sunulan bulgulara farkli bir boyut kazandirmistir. Bu modelin siirdiiriilebilir bir mekanizma ile devamliligi
saglandiginda, muhtemelen alan yazinin iddia ettigi gibi de d6grencilerin sinav basarilarinda daha fazla bir artis
gozlemlenebilecegi de savunulabilir. Ornegin, Lewis (2011)’ de daha etkili sonuglar elde edebilmek i¢in sadece
bir ders ile degil ALTO modelinin farkli derslere yayginlagtirilmas1 gerektigini savunmustur. Benzer sekilde,
Mitchell ve arkadaslari (2012) da takip eden donemlerdeki ALTO uygulamalarinin dgrencilerin basarilari {izerinde
etkisinin geleneksel dgretime kiyasla daha iyi oldugunu ortaya ¢ikarmislardir. Bu nedenle, aragtirmacilar bu
uygulamalarin miifredat diizeyinde yayginlastiriimasi gerektigini dnermektedir.

Bu calismada uygulama iki haftada bir olacak sekilde bir doneme yayilmis olmasina ragmen diisiik ve orta
bagsar1 seviyeli 6grencilerde etkili olmustur. Bu ¢alismanin ortaya koyduklar1 sadece kimya egitimcileri i¢in degil,
FeTeMM ve benzeri derslerde basari diizeyi diisiik 6grencilerin desteklenmesi konusunda diger alan egitimcileri
icin de 6nemli sonuglar sunmaktadir. Bunlarin 6tesinde etkin iiniversite 6gretimi ile ilgili alan yazina dayanarak
aktif ve isbirlikgi modellerin (Kuh, Cruce, Shoup, Kinzie, & Gonyea, 2008; Pascarella & Terenzini, 2005)
geleneksel 6gretime gore anlamli 6grenmeyi daha fazla destekledigini bu calisma icin de sdyleyebiliriz. ALTO
ortami akran liderler rehberliginde 6grencilerin takim halinde ¢aligmalarina firsat sunarak 6grenme siireglerinde
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destek olmustur. Uygulama ile ilgili alanyazina esgiidiimlii olarak hazirlanan alt: temel ALTO bilesenine yonelik
detaylar, benzer arastirmalar planlayan arastirmacilara yol gosterici niteliktedir.

Diisiik ve orta basari diizeyindeki 6grencilerin ALTO uygulamalarindan daha fazla istifade etme nedenleri
arasinda kendilerini bir gruba ait hissetmeleri olabilir. Snyder, Sloane, Dunk ve Wiles’a (2016) gore azinlik
gruplarina ait 6grenciler geleneksel yontemlerin uygulandigi ortamlarda kendilerini izole ve mutsuz hissederler ve
bu nedenle basarilar1 daha disiik olabilir. Grup ¢aligmasi odakli 6gretim yontemleriyle bu gibi 6grenciler bilimsel
kavramlarin 6grenmesinin daha erisilebilir oldugunu hissedebilirler. Bu nedenle, ALTO ve benzeri 6grenme
ortamlarinda daha alt grupta olan 6grencilerin daha yliksek seviyede basari elde etmelerini bekleyebiliriz. Bu
model sistematik, uzun donemli ve siirdiiriilebilir uygulamalarla disiik ve orta basari seviyeli 0grencilerin
basarisizliktan dolay1 okulu terk etmelerini engelleme amacl kullanilabilir.

Bu calismanin smurliliklart ile ilgili olarak en basta sunulacak faktdr arastirmanin siiresidir. Ciinki
uygulamalarin ¢cogunda ALTO ¢alistaylar1 haftalik olarak yiiriitiilmiistiir, bu arastirmada ALTO oturumlart iki
haftada da bir kez diizenlenmistir. Siire ile ilgili bagka bir mevzu da uygulamalarin bir donemle sinirh kalmayip
fakiilte temelinde yayginlastirilmasidir. Buna ragmen, bulgularin orta ve diisiik basar1 diizeyindeki 6grencilerin
siav basarilarinda fark yarattigini gostermesi istendik bir sonugtur. Basari diizeyleri yiiksek olan dgrenciler ise
grup iiyelerinin kendilerini yavaslattigint hissetmis olabilir. Ayrica, deney ve kontrol gruplarini rastlantisal bir
sekilde olusturulamamasi bunun yerine rastlantisal atanmasi ¢ogu yari-deneysel ¢alisma i¢in ortak sorundur. Bu
durum sonuglarin genellenebilirligi ile ilgili sorunlara neden olabilir. Elde edilen bulgular uygulamanin yapildigi
aragtirma ortamindaki 6grencilere genellenebilir. i¢ gecerliligi tehdit eden unsurlarda ¢alismanin siirliliklaria
girebilir. Arastirmacilar ilgili tehditleri en yiiksek derecede kontrol altina almaya ¢aligmiglardir.

Ozetlemek gerekirse ALTO iilkemizde kapsamli bir sekilde yiiksekdgretimde ilk kez uygulanmstir. Bu
calisma, arastirma baglaminda diisiik ve orta diizeyde basar1 gosteren dgrencileri destekleme konusunda ALTO
modelinin yararlar1 hususunda ¢arpici kanitlar sunmustur.

Tesekkiir ve Bilgilendirme
*Bu aragtirma, birinci yazarin doktora tez ¢aligmasindan iretilmistir.

*ALTO projesi boyunca devam eden biiyiik katkilarindan 6tiirii, CEAC Ogretim Uyelerine, Boliim Baskani’na,
Prof. Dr. Seniz Ozalp Yaman’a ve her takim liderine igten tesekkiirlerimizi ve siikranlarimizi sunariz.
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