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ABSTRACT

This study investigated the effect of the context-based problem-solving instructional
approach on the difference between female and male science teacher candidates in the
attitudes and motivations toward physics and achievement in mechanics. 27 (9 males
and 18 females) senior pre-service science teachers studying at the Science Teacher
Education program at Firat University participated in the study. The study was
designed as a one-group pre-test and post-test design. In the study, the Affective
Characteristics Questionnaire (ACQ), used for assessing attitude and motivation
towards physics, and the Mechanics Achievement Test (MAT), used for assessing
achievement in mechanics and developed by the researchers, were both used as pre-
tests and post-tests as instruments. In addition, nine context-based questions were
developed by the researchers in order to carry out the context-based problem-solving
instructional approach as the experimental intervention. As a result, although no
statistically significant improvement was observed in the preservice science teachers’
attitudes and motivations towards physics, it was observed that there was statistically
and practically significant progress in the mechanical achievement test scores. In the
analysis based on the interaction of males’ and females’” progress in mechanics
achievement, statistically significant interaction could not be observed due to the
limitation of the sample size. However, female preservice science teachers were
observed to benefit more than the males from the intervention with a small-medium
effect size. That is to say, a practically significant interaction was observed. Therefore,
the context-based problem-solving instructional approach seems to minimize the
gender gap in mechanics or physics achievement potentially.
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Introduction

In physics lessons at higher education, problems are presented to students minimally, which usually
includes mathematical expressions and units. While these problems, known as traditional problems,
reinforce stereotyped thinking, the student's task is to find the appropriate equation and focus on
solving the problem (Fischer et al., 2015). In such a case, although traditional problems are real
problems for students with low academic achievement, they are seen as easy problems for those
with high academic achievement (Phang, 2009). Therefore, the more complex a problem is, the more
likely the student will reflect on what he or she has done to solve the problem successfully (Ali et
al., 2017). Heller (2002) states that traditional problems can often be solved with little need to
visualize the equations. Such problems are disconnected from students' real-life experiences and can
often be solved without knowledge of physics (as cited in Ali et al., 2017). However, context-rich
problems are short stories about real objects or events that include a reason to calculate specific
quantities and may include one or more of the following features (Heller & Hollabaugh, 1992).
Specifications of the context-rich problems are as in the following;:

- The problem statement does not specify unknown variables. Students must decide on an
appropriate target variable to answer the problem.

- More information may be available than required to solve the problem. Appropriate
information should be selected based on the specific physics principles used to solve the
problem.

- Some information needed to solve the problem may be missing; students must first identify
the principles of physics that will solve the problem and then use their shared knowledge of
the world to remember specific values.

- Reasonable assumptions may need to be made to simplify the problem and allow for a
meaningful solution (for example, assumption of constant acceleration).

For this reason, it can be said that students will think about and look for solutions and be more
motivated when solving these problems closely related to their real-life experiences. Moreover, it
has been stated that using context-rich problems in physics lessons positively affects their attitudes
toward problem-solving (Ogilvie, 2008). It was also stated that in cases where context-based
problems are used, students' desire to learn about science increases as they connect with daily life
(Choi & Johnson, 2005). For these reasons, student success is expected to increase more than
traditional problems (Ayvaci, 2010; Hirga, 2012).

In traditional problem solving, students identify known and unknown variables and solve problems
by looking for equations with the same variables. Context-based problem-solving, on the other hand,
reduces the frequency of use of such problem-solving strategies and thus leads students to define
more comprehensive strategies (Heller et al., 1992; Ogilvie, 2009). An example of a more
comprehensive strategy is the increase in students' use of diagrams (Ogilvie, 2009). It was observed
that students who drew these diagrams correctly were significantly successful in finding the correct
answer (Rosengrant et al., 2009).

Problem-solving is one of the basic tools of university physics teaching (Heller et al., 1992). However,
most students solve these problems independently of physics concepts and principles or believe that
there are specific mathematical solutions to solve physics problems (Heller et al., 1992). For this
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reason, Heller et al. (1992) developed a problem-solving instructional approach regarding how
students can solve problems. The problem-solving teaching approach consists of the following
stages:

1. Visualizing the problem: This step is to transform the problem situation into verbal and
visual understanding.

2. Physics definition: This step requires students to use qualitative physics concepts and
principles (such as vector diagrams) to analyze and represent the problem in physics terms.

3. Planning a solution: This step involves translating the physics description into an
appropriate mathematical representation of the problem, determining if enough information
is represented to solve the problem, and then determining the algebraic procedure to extract
the unknown variable(s).

4. Implement the plan: The student uses mathematical rules to derive an expression that
includes the desired unknown variable on one side of the equation and all known variables
on the other. Certain values are then changed in the expression to obtain a numerical
solution.

5. Checking and evaluating: Finally, students evaluate whether their answers are reasonable,
whether the signs and units are correct, and whether the answer matches their experience of
the world and/or their expectations of how large the numerical answer should be.

As stated above, it can be said that pre-service teachers perceive problem-solving as solving a
mathematical expression in physics lessons that include traditional problem-solving. Because of the
contribution of problem-solving strategies to success and the fact that context-based questions
require different and more comprehensive strategies, solving context-based physics problems by
following the problem-solving stages mentioned can increase students' physics achievement. In
addition, it can be expected that they will make sense of physics concepts and the relationships
between concepts by thinking and understanding the relationships between physics concepts in
depth.

Studies examining academic achievement in physics courses and student attitudes and motivations
towards physics result in findings in favor of male students (Ates, 2008; C1g1k et al., 2016; Koca &
Sen, 2006; Pehlivan, 2019; Giines & Akdag, 2017). Context-based instructional approaches can be
used to reduce this difference mentioned in the literature and to ensure that female students are as
successful as male students in physics. In this study, a context-based problem-solving instructional
approach was used for this purpose. Therefore, the effect of the context-based problem-solving
instructional approach on the difference in affective characteristics and mechanical achievements of
male and female science teacher candidates was examined in this study.

In this context, the main research question of the study is as follows:

1. Does the context-based problem-solving instructional approach have a statistically and
practically significant effect on the difference in the affective characteristics and mechanical
achievements of male and female science teacher candidates?

The research questions to be handled in the context of the main research question are as follows:

1a. Is the progress due to the context-based problem-solving instructional approach in the pre-
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service science teachers’ affective characteristics and mechanic achievements statistically and
practically significant?

1b. Does the context-based problem-solving instructional approach have a statistically and
practically significant effect on the difference between the affective characteristics of male
and female science teacher candidates?

lc. Does the context-based problem-solving instructional approach have a statistically and
practically significant effect on the difference in the mechanical achievement of male and
female science teacher candidates?

Method

In this study, the effect of the context-based problem-solving instructional approach on the attitudes
and motivations of female and male science teacher candidates towards physics lessons and their
mechanical achievements were examined. In other words, as a result of the context-based problem-
solving instructional approach, it was investigated whether the affective characteristics of male and
female science teacher candidates and the changes in their mechanical achievements show
parallelism. Therefore, the study is the only group pretest-posttest experimental design among the
experimental designs (Fraenkel & Wallen, 1996; Ozmen & Karamustafaoglu, 2019).

Population and Sample

The population of this study consists of teacher candidates studying in the Science Education
Program of the Faculty of Education at Firat University. The study sample consists of 27 (9 male and
18 female) pre-service teachers who took the elective course Physics Education in Science Education.
Therefore, in this study, a convenient sampling technique, one of the non-random sampling
techniques, was used as the sampling method (Fraenkel & Wallen, 1996). Since this sample size is
quite limited in terms of statistical power, practical significance was also taken into account in the
analyses.

Instruments
Affective Characteristics Questionnaire (ACQ)

The scale used to measure attitude and motivation toward physics was developed by Abak (2003).
This study used the short form of the original questionnaire created by the same researcher (Giingor,
2010). This questionnaire involves six dimensions with 25 Likert-type items. Items were answered
using a five-point scale, ranging from 1 "I strongly disagree", 2 "I do not agree", 3 "I am undecided",
4 '"T agree" and 5 "I strongly agree". The Cronbach Alpha reliability coefficient for 25 items was
calculated as .94 by Giingor (2010). The reliability coefficient calculated for this study is .92. The
Cronbach Alpha reliability coefficients calculated for the dimensions are given in Table 1.
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Tablo 1.
Cronbach Alpha Reliability Coefficients for Dimensions of the ACQ
Dimensions Number of itemsin  Giingor (2010) R in this study
the dimension R

Interest in Physics 4(1,2,3,4) .89 91
Significance of Physics 5(,6,7,8,9) .82 .87
Anxiety in Physics 4 (10,11, 12,13) 91 .83
Achievement Motivation in Physics 4 (14, 15,16, 17) .87 .86
Physics self-concepts 4 (18, 19, 20, 21) .84 .90
Student motivation in physics 4 (22, 23, 24, 25) .88 .66

Mechanics Achievement Test (MAT)

This test was prepared by selecting the physics questions asked in the university entrance exams by
the Student Selection and Placement Center (OSYM) in Turkey to measure the concepts of nine
context-based physics questions used by the researchers during the course. MBT consists of 30
multiple-choice questions and covers mechanics. The highest score that can be obtained from the
achievement test is 30. Correct answers were coded as 1 and incorrect answers as 0. Topics covered
in the achievement test are vectors, mechanics, and dynamics. According to the post-test scores of
the test, the Cronbach Alpha internal reliability coefficient was calculated as 0.68. The reliability
coefficient should ideally be 0.70 and above (Pallant, 2007). The value calculated in this study is very
close to 0.70. In other words, it can be assumed that the MBT provides reliable mechanical
achievement scores.

Before the Treatment

Before entering the application process with the context-based problem-solving instructional
approach, nine context-based physics questions were prepared by the researchers. Issues to be
considered in the preparation of context-based physics questions were taken into consideration. In
this regard, these questions were evaluated with the context-based question preparation criteria
developed by Elmas and Eryilmaz (2015). As a result of the evaluation, it was seen that the context-
based questions prepared by the researchers met the criteria at a rate of 82% (Table 2). However, this
rate could have been higher. The context-based question preparation criteria “Pictures, diagrams,
and figures should be used to strengthen the relationship between context and science” could not
be met because pictures, diagrams, or figures were not used in the questions. Instead, in the context-
based problem-solving instructional approach, students are asked to create a figure or diagram for
the problem based on their imagination. The evaluation of context-based physics questions
according to the criteria is given in Table 2.
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Table 2.
The Rubric Used for Evaluating the Context-Based Questions

Context-Based Questions

Main criteria Sub-criteria I o0 m IV V VI VI VI IX Tot. %
1- It should 1.1. Contexts that attract the 1 100
contain an attention and interest of

issue that students and arouse curiosity
concerns the should be chosen.
individual or 1.2. It should be written 1 100
society. objectively. While constructing
the question, care should be
taken that the chosen context
does not favor any student
group or situation.
1.3. It should not consist of 1 100
contexts that can affect students
emotionally.
1.4. The context of the question 1 100
should be appropriate for the
level of the students.
1.5. The focus should be on the 1 100
event or the scene in which the
event takes place in such a way
as to reveal the problem.
1.6. Students should be given a 1 55.5
motivation or reason to solve
this question.
2- While posing ~ 2.1. The relationship between 1 100
the problem, context-based questions and
science daily life should be clear and
concepts, accurate, and the data in the
formulas, and question setup should be
laws should realistic.
correspond 2.2. In general, short stories can 1 88.8
with the be used to show the
context. relationship between science
and context in context-based
questions.
2.3. Pictures, diagrams, and 0 0
figures should be used to
reinforce the relationship
between context and science*
3- The answer  3.1.Itis not solved by inserting 1 55.5
should come numbers into the formula in
out as a result one step or by memorizing
of a thinking knowledge only.
process, not 3.2. The question prepared 1 100
just using contexts is not overly
memorization. complex or easy.
Total 8 10 8 10 7 10 10 10 8 81
% 73 91 73 91 64 91 91 91 73 82

An Exemplary Context-Based Question

The following question is given as an example of the context-based physics questions used during
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the lesson.
Second Question

When an earthquake occurs, several types of shock waves occur. The best known of them are P
waves (P means primary) and S waves (S means secondary). In the earth's crust, P waves travel at
about 6.5 km/s, while S waves travel at about 3.5 km/s. Actual velocities may vary depending on
the type of materials they pass through. The difference between the arrival times of these two
waves at the seismic recording station tells geologists how far away the earthquake occurred from
the station. The time difference specified in an earthquake was observed as 33s. How far was the
earthquake from the seismic station?

During the treatment

Before the application, MAT and ACQ were administered. The context-based problem-solving
instruction lasted seven weeks. A context-based problem-solving instructional approach was carried
out using one or two context-based questions each week. After the treatment, MAT and ACQ were
again delivered to the students. In the implementation, pre-service science teachers were asked to
form cooperative groups of 4 or 5 people. The purpose of forming groups is to ensure that all group
members share their responsibilities in problem-solving. In addition, thanks to their communication,
it will be possible to focus on problem-solving better and come up with different solution ideas.
Heller et al. (1992) found that better problem solutions emerge through collaboration than those
achieved by individuals working alone. They found that with this teaching approach, the problem-
solving performance of students at all skill levels improved. For this reason, pre-service teachers
carried out this practice with cooperative groups. The students took the treatment based on the
context-based problem-solving instructional approach.

Worksheets were given to pre-service teachers to practice the context-based problem-solving
instructional approach. The sample worksheet is given in Figure 1.

Figure 1.
Sample Worksheet

WORKSHEET

Make a solution plan (remembering the necessary equation, deciding whether the
information given is sufficient to solve the problem, specifying the algebraic Group Members:
operation to find the unknown variable).

1

a.

Problem Statement

An athlete named Ahmet is training on a track with a radius of 40m in the city park. A friend
named Mehmet helps Ahmet by keeping time. Ahmet starts to coach alongside his friend on
the track and completes the entire track in 30 seconds.
a.Indicate his position relative to the starting point when Ahmet is in the frst quarter and
half of the track.

Fulfil the pilan (like solving the problem by putting the known in the equation on one b. Find the displacement and average velocity of the track from the first quarter to halt.

idé aisc 1 Unkricwi o the otk dda) What is the average speed of Ahmet when he completes the race?

Problem-solving strategy
|

1. Visualize the problem

Check and evaluate your result (15 your answer plausible?) 2. Physics explanation (Use the related physics terms in the visual representation: free-

body diagrams, depicting position, displacement, or velocity vectors, etc.)

The variables in this study are shown in Table 3.
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Tablo 3.
Variables Used in the Study
Variable Type
Gender Male, Female Independent variable
Affective characteristics Dependent variable
Achievement in Mechanics Dependent variable

Analysis of Data

To analyze the data collected in this study, repeated measures MANOVA analysis was performed
(Pallant, 2007). A statistical package program for social sciences (SPSS, version 21) was used to
perform the analysis.

Ethics

Ethical principles and rules were followed in all processes, from the planning of the study to its
implementation and then to the reporting stages. Ethical compliance approval was obtained from
the Social and Human Sciences Research Ethics Committee of Firat University (decision no.
97132852/302.14.01/ dated 18.12.2020).

Results

Missing Data Analysis

A total of 27 pre-service teachers participated in this study. However, it was investigated whether
seven pre-service teachers made a difference in the analysis of the post-tests, although they were
present during the experiment but not during the pre-tests' administration. For this reason, two new
groups were formed by coding eight pre-tests with "0" as an independent variable and 20 pre-tests
with "1". ACQ and MAT tests were used as dependent variables. Since the sample size of the teacher
candidates who were not present in the pre-tests was small, the Mann-Whitney U test, one of the
non-parametric statistical techniques, was applied separately for each dependent variable. It was
examined whether there was a significant difference between the post-test scores of the pre-tested
and not pretested teacher candidates. As a result of the analysis, no statistically significant difference
was found between the pre-service teachers who had and did not have the pre-tests for the ACQ
and MAT post-test scores (z = -.166, p = .87; z = -.028, p = .98, respectively). Therefore, it can be
assumed that pre-service teachers who did not participate in the pre-tests did not affect the data
analysis. For this reason, the missing pre-test data of the teacher candidates who did not participate
in the pre-tests were completed by giving the average of the pre-tests of the participating teachers.

Descriptive Statistics

In Table 4, the descriptive statistics of the mean scores obtained by the pre-service teachers in relation
to ACQ and MAT are given concerning the gender variable.

623



Haki Pesman ® Uzeyir An

Table 4.

Descriptive Statistics on the Scores of Female and Male Science Teacher Candidates in the Pre-and Post-Tests
Regarding ACQ and MAT

Pretest Posttest Graph for the Interaction
Gender N X Standard X Standard Pretest-—-Posttest
Deviation Deviation =~ Male@BFemale
............ Sum

Affective Female 18  4.03 .50 3.94 63 41
Characteristics Male 9 4.06 .29 4.06 .57 4
Sum 27  4.04 44 3.98 60 39
Mechanics Female 18 9.16 1.50 13.11 3.63 1‘2‘
Achievement Male 9 8.66 1.50 11.33 3.49 10
Test Sum 27 9.00 1.49 12.52 3.62 8

When Table 4 is examined, it is seen that the ACQ scores of male pre-service teachers did not change
in the pre-test and post-test, and the mean score of female pre-service teachers showed a slight
decrease (pretest X remale = 4.03, X mate = 4.06; Posttest X remate = 3.94, X mate = 4.06). When the MAT scores
were examined in the table, it was seen that the mean scores of male and female teacher candidates
increased after the treatment. The rate of increase was slightly higher in females than in males
(pretest X remate = 9.16, X male = 8.66; posttest X remate = 13.11, Xmale = 11.33).

Inferential Statistics

In this study, repeated measures MANOVA analysis was performed to investigate whether the
context-based problem-solving instructional approach has a statistically and practically significant
effect on the difference in affective characteristics (ACQ) and Mechanical Achievement (MAT) of
male and female science teacher candidates (Pallant, 2007). While the independent variables
between the groups were the gender of the pre-service science teachers, the independent variables
within the groups were the ACQ and MAT scores. Before performing the analysis, the relevant
assumptions were checked. When the extreme values of the pre-service teachers' ACQ and MAT
scores were investigated, no problematic situation was found. However, the Kolmogorov-Smirnov
test revealed that the pre-test scores of female pre-service teachers were not normally distributed (p
< .05). For this reason, skewness and kurtosis values were checked, and it was observed that the
values were very close to zero. Therefore, the absence of normality is not a problem (Tabachnick &
Fidell, 2007). Levene's Test of Equality of Error Variances test revealed a non-significant result. In
this case, it can be assumed that the variances of male and female teacher candidates are equal. The
analysis was started after checking the necessary assumptions to perform the analysis.

In order to find an answer to the main research question of this study, when the pre-service science
teachers' ACQ and MAT scores were analyzed together, it was seen that there was a statistically
significant and great improvement in practice after the treatment (F (2-24) = 9.66; p = .001; Partial eta
squared = .45; Power = .97). According to this finding, it is seen that the context-based problem-
solving instructional approach can be generalized to the population, as well as the significant
improvement in the affective characteristics and mechanical achievements of science teacher
candidates. When the ACQ and MAT scores are analyzed separately, the findings are as follows: It
was determined that the progress of the pre-service teachers in their ACQ scores was not statistically
significant after the treatment, but there was a minimal difference in practice (F (1-25) = .24; p = .63;
Partial eta squared = .01; Power = .08). This difference is against female science teacher candidates.
The mean score of female science teacher candidates decreased slightly after the treatment (Table 4).
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It was determined that the improvements in the pre-service teachers' MAT scores were statistically
significant after the treatment and had a large effect size in practice (F (1-25) = 19.80; p <.001; Partial
eta squared = .44; Power = .99). Thus, it can be reported that the effect of the treatment on the physics
achievement of pre-service teachers is significant and large.

In this study, the Repeated Measures MANOVA analysis was performed to examine the difference
in the ACQ and MAT scores of female and male science teacher candidates (Research questions 1b.
and 1c.). As a result of the analysis, it was determined that the treatment had a small-medium effect
in practice, although not statistically significant, on the difference in the ACQ and MAT scores of
female and male science teacher candidates. (F (2-24) = .48; p = .63; Partial eta squared = .04; Power =
.12). When the effect of the treatment on the difference in the ACQ scores of female and male science
pre-service teachers was analyzed in the research question 1b, it was seen that the treatment had no
statistically significant effect on the difference in the ACQ scores of female and male science teacher
candidates, but had a small practical effect (F (1-25) = .24; p = .63; Partial eta squared =.01; Power =
.08). The small difference here is against female teacher candidates (Table 4). Therefore, the average
of female science teacher candidates has slightly decreased compared to males. When the effect of
the application on the difference in the MAT scores of male and female science teacher candidates
was analyzed in research question 1c, it was determined that the treatment had a small-moderate
effect on the difference in the MAT scores of male and female science teacher candidates, although
it was not statistically significant (F (1-25) = .74; p = .40; Partial eta squared = .03; Power = .13). The
difference here is in favor of female teacher candidates. The mean MBT scores of female pre-service
teachers increased more than that of male pre-service teachers after the intervention, although not
statistically significant, with a small-medium difference in practice (Table 4).

Conclusion and Discussion

In this study, the effect of the context-based problem-solving instructional approach on the
difference between the affective characteristics and mechanics achievement of female and male pre-
service science teachers was examined. As a result of this teaching approach, it was seen that there
was no statistically significant difference in the affective characteristics of female and male pre-
service science teachers, and in practice, a small difference was observed in favor of males. However,
when we look at the pretest scores, the average score is 4.03 out of 5.00. In other words, it can be said
that affective characteristics were already high initially. This ceiling score effect may be the reason
for the lack of progress in these scores or a small decrease against women. When the mechanics
achievement test scores of male and female pre-service science teachers were examined, it was seen
that after the treatment, female pre-service science teachers had a statistically insignificant but
practically small-medium difference compared to males. Therefore, it can be said that the context-
based problem-solving instructional approach implemented in this study is an effective approach to
increasing the physics achievement of women compared to men. Thus, as mentioned in the
literature, it can be said that it can reduce the difference between boys and girls in favor of boys in
terms of physics achievement (Ates, 2008; Beaton et al., 1996; Giines & Akdag, 2017; Koca & Sen,
2006; Pehlivan, 2019; Sencar & Eryilmaz, 2004). Indeed, according to the findings of this study,
physics achievement is statistically and practically significant for both genders. The point
emphasized here is that the difference between genders decreased in favor of girls. When the studies
examining the relationship between achievement in physics and gender are examined, it is generally
observed that the difference between boys and girls is rare in elementary school ages. This difference
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becomes more pronounced as the age and grade level increase, and it is more pronounced in physics
than in other science courses (Kahle & Meece, 1994). The factors thought to cause the difference
between boys and girls are explained in the literature as follows: boys participate more in science
activities, have more in-school and out-of-school experiences in science-related subjects, and have a
more positive attitude towards physics (Farenga & Joyce, 1997; Jones et al., 2000). The reasons
mentioned above show that gender differences cause differences in physics achievement and
attitude. The context-based teaching approaches can be used to reduce these differences. As a matter
of fact, Ramsden (1997) stated that lessons based on the Context-Based Learning approach, which
are taught in accordance with their purpose, are more fun and more interesting for students and
cause students to perceive science lessons as worth studying. In addition, it was also stated that the
student's willingness to learn science increased due to making connections with daily life (Choi &
Johnson, 2005). The context-based problem-solving instructional approach used in this study also
caused a difference in physics achievement in favor of females. This result shows that females can
be as successful as men in physics courses.

Recommendations

1. Context-based physics problem-solving instructional approach can be used to reduce the
difference between male and female students' physics achievement, which is usually in favor
of females.

2. Further research should be conducted to reach a more general conclusion on the effect of
context-based physics problem-solving instruction on gender differences in physics
achievement. In other words, since this study's sample size was limited, the study can be
repeated with larger samples.

3. Although this study could not reveal the effect of the context-based physics problem-solving
instructional approach compared to other methods (because there was no control group),
other conducted studies have been able to reveal the effect of context-based problem-solving.
Therefore, this study supports the effectiveness of context-based physics problem-solving in
increasing achievement in physics. In this context, it can be suggested that the context-based
physics problem-solving teaching approach should be frequently used in physics education.

4. It can be suggested that context-based physics problems should be included in physics
textbooks rather than traditional ones.

Ethics Committee Approval: For this study, ethical approval was obtained from Firat University Social and
Human Sciences Research Ethics Committee (decision no. 97132852/302.14.01/ dated 18.12.2020).

Author Contributions: The researchers contributed to each stage of the study together.

Conflict of Interest: There is no conflict of interest for this study.

626



Uluslararas: Tiirk Egitim Bilimleri Dergisi,
2023, 11 (21), 616-641
https://doi.org/10.46778/goputeb.1294505

F
A

ISSN: 2148-2314

Fen Bilimleri Ogretmen Adaylarinin Duyussal Ozellikleri ve Mekanik
Basarilarindaki Cinsiyet Farkina Yasam Temelli Problem Cézme Ogretimi

Yaklasiminin Etkisi

Haki Pesman?@ ® Uzeyir AnP ®

a Dog. Dr, Firat Universitesi, Elazig, Tiirkiye, h.pesman@gmail.com

b Ars. Gor. Dr., Firat Universitesi, Elaz1g, Tiirkiye, uzeyirari@gmail.com

OZET

MAKALE BILGISi

Bu c¢alismada, yasam temelli problem ¢dzme Ogretim yaklasiminin fen bilimleri
ogretmen adaylarinin duyussal 6zelliklerinden fizige yonelik tutum ve motivasyonlar1
ile mekanik basarilar1 arasindaki cinsiyet farkina etkisi aragtirilmigtir. Firat Universitesi
Fen Bilgisi Ogretmenligi programinda dgrenim goren 27 (9 erkek ve 18 kadin) son smif
Ogretmen aday1 bu arastirmaya katilmistir. Arastirma tek gruplu on-test ve son-test
deneysel desen olarak tasarlanmistir. Fizige yonelik tutum ve motivasyonu 6l¢mek igin
kullamlan Duyussal Ozellikler Anketi (DOA) ile mekanik basarisini 6lgmek igin
kullanilan ve arastirmacilar tarafindan gelistirilen Mekanik Basar1 Testi (MBT) hem 6n
test hem de son test olarak kullanilmistir. Ayrica, deneysel miidahale olarak baglam
temelli problem ¢ozme 6gretim yaklasimini uygulamak igin arastirmacilar tarafindan 9
baglam temelli soru gelistirilmistir. Sonug olarak, fen bilgisi 6gretmen adaylarinin
fizige yonelik tutum ve motivasyonlarinda istatistiksel olarak anlamli bir gelisme
gozlenmemesine ragmen, mekanik basar1 testi puanlarinda istatistiksel ve pratikte
anlamli bir ilerleme oldugu goriilmistiir. Erkek ve kadin 6gretmen adaylarinin
mekanik basarilarindaki ilerlemelerinin etkilesimine dayali analizde, Orneklem
blyiikliigii smurhiligina bagh olarak istatistiksel anlamli bir etkilesim
gozlemlenememistir. Buna karsin kiigiik-orta etki biiyiikliigii ile kadin fen bilgisi
Ogretmen adaylarinin uygulamadan erkeklere gore daha fazla yararlandiklar
goriilmiistiir. Yani pratikte anlamli bir etkilesim gozlenmistir. Dolayisiyla, baglam
temelli problem ¢6zme 6gretim yaklasimi, mekanik veya fizik basarisindaki cinsiyet
farkini azaltma potansiyeline sahip goriinmektedir.
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Giris

Yiiksekogretim diizeyinde verilen fizik derslerinde problemler 6grencilere genellikle matematiksel
ifadeler ve birimleri igeren minimal sekilde sunulmaktadir. Geleneksel problemler olarak bilinen bu
problemler kaliplasmis diisiinceyi giiglendirirken 6grenciye diisen gorev sadece uygun denklemi
bulup problemi ¢6zmeye odaklanmaktir (Fischer ve digerleri, 2015). Boyle bir durumda geleneksel
problemler akademik basarisi diisiik olan Ogrenciler igin gercek bir problem olmasma karsin
akademik basaris1 yiiksek olanlar i¢in kolay problemler olarak goriilmektedir (Phang, 2009). Bundan
dolay1 bir problem ne kadar karmasiksa, 6grencinin problemi basarili bir sekilde ¢6zmek igin ne
yaptig1 iizerine diisiinmesi o kadar muhtemel olacaktir (Ali ve digerleri, 2017). Heller (2002)
geleneksel problemlerin, ¢cogu zaman denklemleri gorsellestirmeye c¢ok az ihtiya¢ duyarak
¢oziilebildigini belirtmektedir. Bu tiir problemler 6grencilerin gercek yasam deneyimlerinden
kopuktur ve ¢ogu zaman fizik bilgisi olmadan ¢oziilebilirler (akt. Ali ve digerleri, 2017). Ancak
baglam bakimindan zengin problemler, gercek nesneler veya olaylar hakkinda belirli miktarlar
hesaplamak i¢in bir neden iceren ve asagidaki 6zelliklerden bir veya daha fazlasini igerebilen kisa
hikayelerden olusturulmuslardir (Heller ve Hollabaugh, 1992). Baglam bakimindan zengin
problemlerin 6zellikleri sunlardir;

- Problem ifadesi bilinmeyen degiskenleri belirtmez; 6grenciler problemi cevaplayacak uygun
bir hedef degiskene karar vermelidirler.

- Problemi ¢6zmek icin gerekenden daha fazla bilgi mevcut olabilir, problemi ¢6zmek igin
uygulanan belirli fizik ilkelerine dayali olarak uygun bilgiler secilmelidir.

- Problemi ¢6zmek icin gereken bazi bilgiler eksik olabilir; 6grenciler énce problemi ¢ozecek
fizik ilkelerini belirlemeli, ardindan belirli degerleri hatirlamak i¢in diinya hakkindaki ortak
bilgilerini kullanmalidirlar.

- Problemi basitlestirmek ve anlamh bir ¢éziime izin vermek ic¢in makul varsayilmalarin
yapilmasi gerekebilir (6rnegin, sabit ivmenin varsayilmasi gibi)

Bu nedenle Ogrencilerin iizerinde disliniip ¢oztim yollarni arayacaklar1 ve gercek yasam
deneyimleri ile yakindan iligkili bu problemleri ¢ézerken daha ¢ok motive olacaklar1 sdylenebilir.
Dahasi fizik derslerinde baglam agisindan zengin problemlerin kullanilmasi onlarin problem
¢ozmeye yoOnelik tutumlarini olumlu yonde etkiledigi belirtilmistir (Ogilvie, 2008). Baglam temelli
problemlerin kullanildig1 durumlarda 6grenciler giinliik yasamla bag kurduklarindan dolay:
onlarin bilime karsi 6grenme isteginin arttif1 da ifade edilmistir (Choi ve Johnson, 2005). Bu
nedenlerden otiirii geleneksel problemlere gore 6grenci basarisinin daha da artmasi beklenmektedir
(Ayvaci, 2010; Hirga, 2012).

Geleneksel problem ¢oziimlerinde, 6grenciler bilinen ve bilinmeyen degiskenleri tespit eder ve
sonra ayni degiskenlere sahip denklemleri arayarak problemleri ¢ozerler. Baglam temelli problem
¢ozlimleri ise bu sekildeki problem ¢6zme stratejilerinin kullanim sikligini azaltmakta ve boylece
ogrencileri daha kapsamli stratejiler tanimlamaya yoneltmektedir (Heller ve digerleri, 1992; Ogilvie,
2009). Daha kapsaml stratejilere 6rnek olarak 6grencilerin diyagramlar: kullanmalarindaki artis
gelmektedir (Ogilvie, 2009). Bu diyagramlar1 dogru ¢izen 6grencilerin dogru cevabi bulmada 6nemli
ol¢lide basarili olduklar: goriilmiistiir (Rosengrant ve digerleri, 2009).

Problem ¢6zmek iiniversite fizik 6gretiminin temel araglarindan biridir (Heller ve digerleri, 1992).
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Ancak oOgrencilerin ¢ogu fizik kavramlarindan ve prensiplerinden bagimsiz bir sekilde bu
problemleri ¢6zer ya da fizik problemlerini ¢6zmek icin belirli matematiksel ¢oziimlerin olduguna
inanir (Heller ve digerleri, 1992). Bu nedenle Ogrencilerin problem ¢oziimiinii nasil
gerceklestirecegiyle ilgili Heller ve digerleri (1992) bir problem ¢6zme Ogretimi yaklasimi
gelistirmislerdir. Problem ¢6zme 6gretim yaklasimi asagidaki asamalardan olusmaktadir:

1. Problemi gorsellestirme: Bu adim, problem durumunun sézel ve gorsel olarak anlasilmasina
dontistiirtilmesidir.

2. Fizik tanimi: Bu adim, 6grencilerin problemi fizik terimleriyle analiz etmek ve temsil etmek
icin niteliksel fizik kavramlarin ve ilkelerini kullanmalarini gerektirir (vektor diyagramlari

gibi).

3. Bir ¢oziim planlama: Bu adim, fizik tanimini problemin uygun bir matematiksel temsiline
gevirmeyi, problemi ¢ozmek icin temsil edilen yeterli bilgi olup olmadigini belirlemeyi ve
ardindan bilinmeyen degiskeni/degiskenleri ¢ikarmak igin cebirsel prosediirii belirlemeyi
icerir.

4. Plani uygulama: Ogrenci, denklemin bir tarafinda istenen bilinmeyen degiskeni ve diger
tarafinda bilinen tiim degiskenleri igeren bir ifade elde etmek i¢in matematiksel kurallar
kullanir. Daha sonra sayisal bir ¢6ziim elde etmek icin ifadede belirli degerler degistirilir.

5. Kontrol etme ve degerlendirme: Son olarak, 6grenciler cevaplarin makul olup olmadigimn
degerlendirirler - isaret ve birimler dogru mu ve cevap onlarin diinya deneyimleriyle
ve/veya sayisal cevabin ne kadar biiyiik olmasi gerektigine dair beklentileriyle eslesiyor mu?

Ogretmen adaylarmin geleneksel problem ¢oziimii iceren fizik derslerinde problem ¢dziimiinii
matematiksel ifadeyi ¢cozmek olarak algiladiklar: yukarida da ifade edildigi gibi soylenebilmektedir.
Problem ¢6zme stratejilerinin basariya olan katkilari ve baglam temelli sorularin farkli ve daha
kapsaml stratejiler gerektirmesinden dolay1 bahsedilen problem ¢6zme asamalarin takip ederek
baglam temelli fizik problemlerini ¢6zmek 6grencilerin fizik basarilarini artirabilir. Ayrica onlarin
tizik kavramlarini ve kavramlar arasi iliskileri diistinerek ¢ozecegi ve fizik kavramlar: arasindaki
iligkileri derinlemesine anlayacagi da beklenebilir.

Fizik dersindeki akademik basar1 ve fizige kars1 6grenci tutumlar1 ve motivasyonlarimin incelendigi
calismalar erkek 6grencilerin lehine bulgulara ulasmaktadirlar (Ates, 2008; Cibik ve digerleri, 2016;
Koca ve Sen, 2006; Pehlivan, 2019; Giines ve Akdag, 2017). Literatiirde bahsedilen bu farkin
azalmasin ve kiz 6grencilerinde erkek 6grenciler kadar fizik derslerinde basarili olmasini saglamak
i¢in yasam temelli 6gretim yaklasimlarindan faydalanilabilir. Bu ¢alismada yasam temelli problem
¢ozme Ogretimi yaklasimi bu amagla kullanilmistir. Bu nedenle bu ¢alismada yasam temelli problem
¢ozme Ogretimi yaklagiminin kadin ve erkek fen bilimleri 6gretmen adaylarinin duyussal 6zellikleri
ile mekanik basarilarindaki farka etkisi incelenmistir.

Bu baglamda ¢alismanin esas arastirma sorusu su sekildedir:

1. Yasam temelli problem ¢dzme 6gretimi yaklasiminin kadin ve erkek fen bilimleri 6gretmen
adaylarmin duyussal Ozellikleri ile mekanik basarilarindaki farka istatistiksel olarak ve
pratikte anlaml bir etkisi var midir?
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Esas arastirma sorusu baglaminda cevap aranacak arastirma sorulari da sunlardir:

la. Yasam temelli problem ¢6zme 6gretimi yaklasgiminin fen bilimleri 6gretmen adaylarinin
duyussal 6zellikleri ile mekanik basarilarindaki ilerlemeleri istatistiksel olarak ve pratikte
anlamli midir?

1b. Yasam temelli problem ¢6zme 6gretimi yaklasiminin kadin ve erkek fen bilimleri 6gretmen
adaylarmin duyussal 0zellikleri arasindaki farka istatistiksel olarak ve pratikte anlamli bir
etkisi var midir?

lc. Yasam temelli problem ¢ozme 6gretimi yaklasiminin kadin ve erkek fen bilimleri 6gretmen
adaylarinin mekanik basarilarindaki farka istatistiksel olarak ve pratikte anlaml bir etkisi
var midir?

Yontem

Bu calismada yasam temelli problem ¢6zme 6gretimi yaklasimi uygulamasinin kadin ve erkek fen
bilimleri 6gretmen adaylarinin fizik dersine karsi tutum ve motivasyonlar: ile mekanik basarilarina
etkisi incelenmistir. Baska bir ifadeyle yasam temelli problem ¢6zme 6gretimi yaklasimi neticesinde,
kadin ve erkek fen bilimleri 6gretmen adaylarinin duyussal 6zellikleri ile mekanik basarilarindaki
degisimin paralellik gosterip gostermedigi arastirilmistir. Dolayisiyla ¢alisma deneysel desenlerden
tek grup &n test-son test deneysel desendir (Fraenkel ve Wallen, 1996; Ozmen ve Karamustafaoglu,
2019).

Evren ve Orneklem

Bu calismanin evrenini Firat Universitesi Egitim Fakiiltesi Fen Bilgisi Ogretmenligi Programinda
O0grenim goren Ogretmen adaylar1 olusturmaktadir. Arastirmanin 6rneklemini ise Fen Bilimleri
Egitiminde Fizik Egitimi baslikli se¢meli dersi alan toplam 27 (9 erkek ve 18 kadin) 6gretmen aday:
olusturmaktadir. Dolayisiyla bu ¢alismada 6rnekleme yontemi olarak tesadiifi olmayan 6rnekleme
tekniklerinden uygun ornekleme teknigi kullanilmistir (Fraenkel ve Wallen, 1996). Bu 6rneklem
buiytikliigii istatistiksel gii¢ baglaminda oldukg¢a simirli oldugundan analizlerde pratikte de
anlamlilik dikkate alinmistir.

Veri Toplama Araglan
Duyussal Ozellikler Anketi (DOA)

Fizige yoOnelik tutum ve motivasyonu ol¢mek ic¢in kullamilan 6lgek Abak (2003) tarafindan
gelistirilmistir. Bu c¢alismada yine ayni arastirmaci tarafindan olusturulan orijinal anketin
yogunlastirilmig versiyonu kullanilmistir (Giingor, 2010). Bu anket alti boyuttan ve 25 likert tiirii
maddeden olusmaktadir. Maddeler 1 “Kesinlikle katilmam”, 2 “Katilmam”, 3 “Kararsizim”, 4
“Katilirnrm” ve 5 “Kesinlikle Katilirim” seklinde degisen besli bir 6lgek kullanilarak yanitlanmistir.
25 madde igin Cronbach Alpha giivenirlik katsayis1 Giingér (2010) tarafindan .94 olarak
hesaplanmigtir. Bu calisma icin hesaplanan giivenirlik katsayis1 ise .92’dir. Alt boyutlar igin
hesaplanan Cronbach Alpha giivenirlik katsayilar1 Tablo 1’de verilmistir.
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Tablo 1.
Duyussal Ozellikler Anketi Alt Boyutlarinin Cronbach Alpha Giivenirlik Katsayilari
Alt boyutlar Alt boyuttaki madde  Giingor (2010)  Bu ¢alisma icin R
say1s1 R

Fizik derslerinde ilgi 4(1,2,3,4) .89 91
Fizik derslerinin 6nemi 5(,6,7,8,9) .82 .87
Fizik ders kaygist 4 (10, 11, 12, 13) 91 .83
Fizik Basar1 Motivasyonu 4 (14,15,16,17) .87 .86
Fizik 6z-kavrami 4 (18,19, 20, 21) .84 .90
Fizik Derslerinde Ogrenci Motivasyonu 4 (22,23, 24, 25) .88 .66

Mekanik Basart Testi (MBT)

Bu test arastirmacilar tarafindan dersin islenisi sirasinda kullanilan dokuz yasam temelli fizik
sorusunun kavramlarini Slgebilme amaciyla Ogrenci Se¢gme ve Yerlestirme Merkezi (OSYM)
tarasindan tiniversite giris sinavlarinda sorulmus olan fizik sorularindan segilerek hazirlanmistir.
MBT 30 ¢oktan se¢meli sorudan olusmakta ve mekanik konularmi kapsamaktadir. Bagar: testinden
aliabilecek en yiiksek puan 30'dur. Dogru cevaplar 1 yanlis cevaplar ise 0 olarak kodlanmuistir.
Basar testinde yer alan konular su sekildedir: Vektorler, mekanik ve dinamik. Testin son test
puanlarina gore Cronbach Alpha i¢ giivenirlik katsayis1 ise 0,68 olarak hesaplanmistir. Ideal olarak
giivenirlik katsayis1 0,70 ve tizeri olmasi gerekir (Pallant, 2007). Bu calismada hesaplanan deger 0,70
degerine ¢ok yakindir. Yani MBT'nin giivenilir mekanik basar1 puanlar1 sagladig1 kabul edilebilir.

Deneysel Uygulama Siireci Oncesi

Yasam temelli problem ¢6zme Ogretimi yaklasimi ile uygulama siirecine girmeden Once
arastirmacilar tarafindan 9 adet yasam temelli fizik sorusu hazirlanmistir. Yasam temelli fizik
sorularmin hazirlanmasinda dikkat edilmesi gereken hususlar géz oniinde bulundurulmustur.
Bununla ilgili olarak Elmas ve Eryilmaz (2015) tarafindan gelistirilen baglam temelli soru hazirlama
kriterleri ile bu sorular degerlendirilmistir. Degerlendirme sonucunda arastirmacilar tarafindan
hazirlanan baglam temelli sorularin %82 oraninda kriterleri sagladig: goriilmiistiir (Tablo 2). Ancak
bu oran daha yiiksek ¢ikabilirdi. Ciinkii baglam temelli soru hazirlama kriterlerinde “Resim,
diyagram ve figlirler baglam ve fen bilgisi arasindaki iliskiyi giiglendirmek i¢in kullanilmalidir”
ifadesine yonelik olarak sorularda resim, diyagram veya figiir kullanilmamistir. Bunun nedeni
yasam temelli problem ¢ozme 6gretimi yaklasiminda 6grencilerin problemi hayal gii¢lerine dayal
olarak kendilerinin sekil veya diyagram olusturmalar1 istenmesidir.

Yasam temelli fizik sorularinin kriterlere gore degerlendirilmesi Tablo 2’de verilmistir.
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Tablo 2.

Yasam Temelli Fizik Sorularinin Degerlendirildigi Rubrik

Baglam-Temelli Sorular

Ana Kriter Alt Kriterler Top. %

I I I Iv Vv VI vl VIl IX
1- Bireyi ya 1.1. Ogrencilerin ilgi ve 11 1 1 1 1 1 1 1 9 100
da toplumu  dikkatini ¢eken, onlarda merak
ilgilendiren uyandiran baglamlar
bir sorun secilmelidir.
icermelidir 1.2. Objektif bir sekilde 11 1 1 1 1 1 1 1 9 100

yazilmali. Soru kurgulanirken
secilen baglamin herhangi bir
Ogrenci grubunu veya
herhangi bir durumu
kayirmamasina dikkat
edilmeli
1.3. Ogrencileri duygusal 11 1 1 1 1 1 1 1 9 100
olarak etkileyebilecek
baglamlardan olusmamali
1.4. Sorudaki baglam 11 1 1 1 1 1 1 1 9 100
Ogrencilerin diizeyine uygun
olmal
1.5. Odak olay ya da olayin 11 1 1 1 1 1 1 1 9 100
gerceklestigi sahne sorunu
ortaya koyacak sekilde
verilmelidir.
1.6. Ogrencilerin bu soruyu 01 0 1 0 1 1 1 0 5 555
¢bzmesi igin onlara bir
motivasyon veya neden

verilmelidir.
2-Sorunun 2.1. Baglam temelli sorularm 1 1 1 1 1 1 1 1 1 9 100
kurgusu glinliik hayatla olan iligkisi
yapilirken fen acik ve net olmali soru
kavramlari, kurgusundaki veriler gercekgi
formiilleri ve olmalidir

kanunlarmin 2.2. genelde baglam temelli 11 1 1 0 1 1 1 1 8 88.8
baglam ile bir sorularda fen bilgisinin ve

Oriintii baglamin iligkisini gostermek
igerisinde i¢in kisa hikayeler
olmasi kullanilabilir.
gereklidir. 2.3. Resim, diyagram ve 00 0 0 0 0 o0 0 0 0 0

figiirler baglam ve fen bilgisi
arasindaki iliskiyi
gliclendirmek icin
kullanilmalidar.*

3- Cevap 3.1. Tek basamakta formiile 01 0 1 0 1 1 1 0 5 55.5
yalniz ezber sayilarin yerlestirilmesi ile
degil bir veya yalnizca ezbere dayal bir
disinme bilgi ile ¢oziilmez.
siireci 3.2. Baglamlar kullanilarak 11 1 1 1 1 1 1 1 9 100
sonucunda hazirlanan soru asir1 zor veya
ortaya kolay degildir.
¢gikmalidir
Total 8§ 10 8 10 7 10 10 10 8 81
% 791 73 91 64 91 91 91 73 82
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Ornek Yasam Temelli Soru

Dersin iglenisi sirasinda kullanulan yagsam temelli fizik problemlerine 6rnek olarak asagidaki
problem verilmistir.

II. Problem:

Bir deprem oldugunda birkag cesit sok dalgasi olusur. Bunlardan en iyi bilinenleri P dalgalar: (P
primary — 6nciil anlaminda) ve S dalgalaridir (S secondary — ikincil anlamindadir). Yer kabugunda
P dalgalar1 6,5 km/s civarinda bir hizla ilerlerken S dalgalar1 yaklasik 3,5 km/s hizla hareket eder.
Gergek hizlar icinden gegtikleri maddelerin tiiriine gore degisiklik gosterebilmektedir. Bu iki
dalganin sismik kayit istasyonuna varis siireleri arasindaki fark jeologlara depremin istasyondan
ne kadar uzakta gerceklestigini bildirmektedir. Meydana gelen bir depremde belirtilen zaman farki
33s olarak gozlenmistir. Buna gore deprem sismik istasyondan ne kadar uzakta olmustur?

Deneysel Uygulama Siireci

Uygulama éncesinde MBT ve DOA uygulanmigtir. Yasam temelli problem ¢6zme 6gretimi 7 hafta
stirmiistiir. Her hafta bir veya iki yasam temelli problem kullanilarak yasam temelli problem ¢6zme
ogretimsel yaklagimi gerceklestirilmistir. Uygulama sonrasmnda MBT ve DOA tekrar uygulanmistir.
Uygulama siirecinde ise 6gretmen adaylarindan 4 veya 5 kisilik isbirlikli gruplar olusturmalar:
istenmistir. Gruplarin olusturulmasindaki amag problem ¢oziimiindeki sorumluluklar: tim grup
iiyelerinin paylasmasini saglamaktir. Ayrica onlarin birbirleri ile iletisim kurmalar: sayesinde
problem ¢ozlimiine daha iyi odaklanip farkli ¢6ziim fikirlerinin ortaya ¢ikmasi saglanmis olacaktir.
Heller ve digerleri (1992) tek basina ¢alisan bireyler tarafindan elde edilenden daha iyi problem
¢Ozlimlerinin igbirligi yoluyla ortaya ¢iktigimi bulmustur. Bu 6gretim yaklagimu ile tiim yetenek
seviyelerindeki Ogrencilerin problem ¢6zme performansinin iyilestigini tespit etmislerdir. Bu
nedenle &gretmen adaylari igbirlikli gruplarla bu uygulamay1 gerceklestirmislerdir. Ogrenciler
yasam temelli problem ¢6zme 6gretimi yaklagimini kullanarak uygulamay: gerceklestirmiglerdir.

Ogretmen adaylarma yasam temelli problem ¢6zme 6gretimi yaklasimini uygulamalar: igin bir
calisma kagid1 verilmistir. Ornek calisma kagidi Sekil 1’de verilmistir.

Sekil 1.

Ornek Caligma Kagidi

. 3. Bir gozum plani yapiniz {Gerekli denklemi hatirlamak, problemin cozimi igin verilen bilgilerin
CALISMA KAGIDI yeterli olup olmamasina karar vermek, denklemde bilinmeyen degiskeni bulmak icin gerekii
Grup Uyeleri: cebirsel islemi belirtmek gibi)

rer alan 40m yancapl bir pistte antrenman yapiyor. Mehmet
isimi [ n an Ktedir. Ahmet pistte arkadaginin yaninda
or.

4. Plani yerine getirin (D ili i bir tarafa bili i diger tarafa gekerek
prablemi géizmek gibi}

. pistin ilk cayr
€. Ahmet yarsi tamamiadigin

Problem Gézme Stratejisi

1. Problemi Gorsellestiriniz:

5. Senucunuzu kentrol ediniz ve degerlendininiz (Cevabiniz mantikl mi?)

2. Fizik Agiklamas! (Gorsel
Kkonum, yer degistirme,

e ilgili fizik terimlerini kullaniniz: serbest cisim diyagrami cizmek,
5rini gizmek gibi):

633



Haki Pesman ® Uzeyir An

Calismadaki Degiskenler

Bu ¢alismadaki degiskenler Tablo 3'te gosterildigi gibidir.

Tablo 3.
Galismadaki Degiskenler
Degisken Tiirii
Cinsiyet Erkek, Kiz Bagimsiz Degisken
Duyussal 6zellikleri Bagimli Degisken
Mekanik Basar1 Bagimli Degisken

Verilerin Analizi

Bu c¢alismada toplanan verileri analiz etmek icin tekrarli Olgtimler MANOVA analizi
gerceklestirilmistir (Pallant, 2007). Analizi gergeklestirmek i¢in sosyal bilimler igin istatistik paket
programi (SPSS, 21. versiyon) kullanilmigtir.

Arastirma Etigi

Calismanin planlanmasindan uygulanmasina ve ardindan raporlagtirma asamalarina kadar tiim
siireglerde etik ilke ve kurallara uyulmustur. Bu arastirma igin Firat Universitesi Sosyal ve Beseri
Bilimler Arastirmalari Etik Kurulundan etik uygunluk onayr alinmistir (18.12.2020 tarih
97132852/302.14.01/ sayili karar).

Bulgular
Kay1p Veri Analizi

Bu c¢alismaya toplam 27 Ogretmen adayi katilmistir. Ancak deneysel uygulama sirasinda
bulunmalarma karsin 6n testlerin uygulanmasi esnasinda olmayan 7 Ogretmen adayinin son
testlerin analizinde bir farklilik olusturup olusturmadigl arastirilmistir. Bu nedenle bagimsiz
degisken olarak on testlerde olmayan sekiz 0gretmen aday1 “0” ile, On testlere katilan 20 6gretmen
aday1 “1” ile kodlanarak iki yeni grup olusturulmustur. DOA ile MBT testi bagiml degiskenler
olarak kullanilmistir. On testlerde bulunmayan dgretmen adaylarmin 6rneklem biiyiikliigii kiiciik
oldugundan parametrik olmayan istatistik tekniklerinden Mann-Whitney U testi her bir bagiml
degisken icin ayr1 ayr1 uygulanmistir. On testlerde bulunmayan ve bulunan 6gretmen adaylarmimn
son test puanlar1 arasinda anlamli bir farkin olup olmadigina bakilmistir. Analiz sonucunda 6n
testlerde bulunan ve bulunmayan 6gretmen adaylarinin DOA ve MBT son test puanlari arasinda
istatistiksel olarak anlamli bir farklilik bulunamamuistir (sirasiyla z = -.166, p = .87; z =-.028, p = .98).
Dolayisiyla 6n testlere katilmayan 6gretmen adaylariin veri analizlerini etkilemedigi varsayilabilir.
Bu nedenle On testlere katilmayan Ogretmen adaylarinin eksik olan on test verileri, katilan
o0gretmenlerin on testlerinin ortalamasi verilerek tamamlanmaistir.

Betimsel Istatistik

Tablo 4'te 6gretmen adaylarmin DOA ve MBT'ye iligkin olarak aldiklari puan ortalamalarmin
cinsiyet degiskenine gore betimsel istatistigi verilmistir.
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Tablo 4.

FKTM ve MBT ye Iliskin Olarak On ve Son Testlerde Kadin ve Erkek Fen Bilimleri Ogretmen Adaylarinin
Aldiklar: Puanlara Iliskin Betimsel Istatistikler

On test Son test Etkilesim Grafigi
Cinsiyet N X Standart X Standart On test-—-Son test
Sapma Sapma = = Erkek==Kiz

Duyussal Kadin 18 4.03 .50 3.94 .63
Ozellikler Erkek 9 4.06 29 4.06 57
Toplam 27 4.04 44 3.98 .60
Mekanik Kadin 18 9.16 1.50 13.11 3.63
Basar1 Testi Erkek 9 8.66 1.50 11.33 3.49
Toplam 27 9.00 1.49 12.52 3.62

Tablo 4 incelendiginde erkek dgretmen adaylarinin DOA puanlarmin 6n ve son testte degisim
gostermedigi kadin 6gretmen adaylarinin ise puan ortalamalarinin bir miktar diisiis gosterdigi
goriilmektedir (On test ) kadin = 4.03, ) Erkek = 4.06; son test Y xadin = 3.94, Y erkek = 4.06). Yine ayni1 tabloda
MBT puanlar incelendiginde erkek ve kadin 6gretmen adaylar1 uygulama sonrasinda puan
ortalamalarinin artti$1 goriilmiistiir. Artis oran1 kadinlarda erkeklere gore biraz daha fazla olmustur
(On test Y kadin = 9.16, ) Erkek = 8.66; son test Y kadn = 13.11, ¥ Brkek = 11.33).

Cikarimsal Istatistik

Bu calismada yasam temelli problem ¢6zme Ogretimi yaklasiminin kadin ve erkek fen bilimleri
ogretmen adaylarinin duyussal 6zellikleri (DOA) ile Mekanik Basarilarindaki farka (MBT)
istatistiksel olarak ve pratikte anlamli bir etkisi olup olmadigini arastirmak igin Tekrarli Slgtimler
MANOVA analizi gerceklestirilmistir (Pallant, 2007). Gruplar arasi bagimsiz degiskenler fen
bilimleri 6gretmen adaylarmin cinsiyetleri olurken gruplar i¢i bagimsiz degiskenler DOA ve MBT
puanlari olmustur. Analiz gerceklestirilmeden 6nce ilgili sayiltilar kontrol edilmistir. Ogretmen
adaylarmim DOA ve MBT puanlarindaki ug degerler arastirildiginda herhangi problemli bir duruma
rastlanmamistir. Fakat Kolmogorov-Smirnov testi kadin &gretmen adaylarimin DOA 6n test
puanlarinin normal dagilmadigini ortaya ¢ikarmistir (p < .05). Bu nedenle carpiklik ve basiklik
degerleri kontrol edilmis ve degerlerin sifira ¢ok yakin oldugu gézlenmistir. Bu nedenle normalligin
olmamas! bir problem olarak goriinmemektedir (Tabachnick ve Fidell, 2007). Levenenin Hata
Varyanslarmin Esitligi (Levene’s Test of Equality of Error Variances) testi anlamli olmayan bir sonug
ortaya ¢ikarmigtir. Bu durumda erkek ve kiz 6gretmen adaylarinin varyanslarmin esit oldugu
varsayilabilir. Analizi gerceklestirmek igin gerekli sayiltilar kontrol edildikten sonra analize
gecilmistir.

Bu calismanin esas aragtirma sorusuna cevap bulmak igin fen bilimleri 6gretmen adaylarinin DOA
ve MBT puanlar birlikte analiz edildiginde uygulama sonrasinda istatistiksel olarak anlaml ve
pratikte biiyiik bir ilerleme gosterdigi goriilmiistiir (F(2-24) = 9.66; p = .001; Kismi eta kare = .45; Glig
= .97). Bu bulguya gore yasam temelli problem ¢ézme Ogretimsel yaklasimmin fen 6gretmen
adaylarmin duyussal 0zellik ve mekanik basarilarindaki biiyiik ilerlemenin evrene de
genellenebildigi goriilmektedir. DOA ve MBT puanlari ayr ayr incelendiginde ise bulgular su
sekilde olmaktadir; Ogretmen adaylarmin DOA puanlarindaki ilerlemelerinin uygulama
sonrasinda istatistiksel olarak anlamli olmadig: pratikte ise ¢ok kiigiik bir farkliligin oldugu tespit
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edilmistir (F(1-25) = .24; p = .63; Kismi eta kare = .01; Gii¢ = .08). Bu farklilik kadin fen bilimleri
O0gretmen adaylar1 aleyhinedir. Kadin fen bilimleri dgretmen adaylarmmin puan ortalamalar:
uygulama sonrasinda bir miktar diigmiistiir (Tablo 4). Ogretmen adaylarinin MBT puanlarindaki
ilerlemelerinin uygulama sonrasinda istatistiksel olarak anlamli ve pratikte biiyiik bir etki
biiyiikliigline sahip oldugu tespit edilmistir (F(1-25) = 19.80; p <.001; Kismi eta kare = .44; Gii¢ =.99).
Bu durumda uygulamanin 6gretmen adaylarmin fizik basarilarina etkisinin anlamli ve biiyiik
oldugu soylenebilir.

Bu calismada kadin ve erkek fen bilimleri gretmen adaylarmin DOA ve MBT puanlarindaki farki
incelemek icin Tekrarli Olciimler MANOVA analizi gergeklestirilmistir (Aragtirma sorusu 1b. ve
1c.). Analiz sonucunda uygulamanin kadin ve erkek fen bilimleri 8gretmen adaylarinin DOA ile
MBT puanlarindaki farka istatistiksel olarak anlamli olmayan ancak pratikte kiigiik-orta biiyiikliige
sahip bir etkisinin oldugu tespit edilmistir. (F(2-24) = .48; p = .63; Kismi eta kare = .04; Giig = .12).
Calismanin cevap aranan 1b. arastirma sorusunda uygulamanin kadin ve erkek fen bilimleri
adaylarinin DOA puanlarindaki farka etkisi analiz edildiginde uygulamanin kadin ve erkek fen
bilimleri 6gretmen adaylarinin DOA puanlarindaki farka istatistiksel olarak anlamli olmayan ama
patikte kiiclik bir etkisinin oldugu goriilmiistiir (F(1-25) = .24; p = .63; Kismi eta kare =.01; Gii¢ = .08).
Buradaki kiiciik farklililk kadin 6gretmen adaylar1 aleyhinedir (Tablo 4). Dolayisiyla kadin fen
bilimleri ogretmen adaylar1 erkeklere gore ortalamalari bir miktar diismustiir. 1c. aragtirma
sorusunda uygulamanin kadin ve erkek fen bilimleri 6gretmen adaylarinin MBT puanlarindaki
farka etkisi analiz edildiginde uygulamanin erkek ve kadin fen bilimleri 6gretmen adaylarmin MBT
puanlarindaki farka istatistiksel olarak anlamli olmayan fakat pratikte kiiclik-orta bir etkiye sahip
oldugu tespit edilmistir (F(1-25) = .74; p = .40; Kismi eta kare = .03; Gii¢ = .13). Buradaki farklilik
kadin 6gretmen adaylar1 lehinedir. Kadin 6gretmen adaylarmin MBT puan ortalamalar1 uygulama
sonrasinda erkek 6gretmen adaylarinin puan ortalamasindan istatistiksel olarak anlaml olmamakla
birlikte pratikte kiiciik-orta biiytiikliige sahip bir farklilikla daha fazla artmistir (Tablo 4).

Sonug ve Tartisma

Bu calismada yasam temelli problem ¢dzme 0gretimi yaklasiminin kadin ve erkek fen bilimleri
ogretmen adaylarmin duyussal ozellikleri ile mekanik basarilar1 arasindaki farka etkisine
bakilmistir. Yapilan bu 6gretim yaklasimi sonucunda kadin ve erkek fen bilimleri 6gretmen
adaylarinin duyussal 6zelliklerinde istatistiksel olarak anlamli bir fark olusturmadig1 pratikte
kadinlar aleyhine kiigiik bir farkin olustugu goriilmiistiir. Ancak Ontest puanlarina bakildiginda
ortalama puan 5,00 tizerinden 4,03'diir. Yani baslangicta zaten oldukga yiiksek duyussal
ozelliklerden bahsedilebilir. Bu puanlarda bir ilerleme olmamas1 ya da kadinlar aleyhine kiigiik bir
diistisiin nedeni bu “tavan puan” etkisi olabilir. Erkek ve kadin fen bilimleri 6gretmen adaylarimin
mekanik bagar1 testi puanlar1 incelendiginde uygulamadan sonra kadin fen bilimleri 6gretmen
adaylarmin erkeklere oranla istatistiksel olarak anlamli olmayan ama pratikte kiiglik-orta
biiytikliige sahip bir farkliliginin oldugu goriilmiistiir. Bu nedenle bu ¢alismada uygulanan yasam
temelli problem ¢6zme Ogretimi yaklasiminin kadinlarin fizik basarilarini artirmada erkeklere
oranla etkili bir yaklasim oldugu soylenebilir. Boylelikle literatiirde de bahsedildigi {izere erkekler
ve kizlar arasinda fizik basarisi bakimindan erkekler lehine olan farki (Ates, 2008; Beaton ve
digerleri, 1996; Giines ve Akdag, 2017; Koca ve Sen, 2006; Pehlivan, 2019; Sencar ve Eryilmaz, 2004;)
azaltabilecegi soylenebilir. Nitekim bu g¢alismanin bulgularina gore fizik basarist her iki cinsiyet
icinde istatistiksel olarak ve pratikte anlamlidir. Burada {izerinde durulan husus cinsiyetler
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arasindaki farkin kizlar lehine azalmasidir. Fizik basarisi ile cinsiyet arasindaki iliskiyi inceleyen
caligmalara bakildiginda genel olarak ilkogretim caglarinda erkek ve kizlar arasindaki farkin nadir
olarak goriildiigii yas ve smif seviyesi arttikga bu farkin belirginlestigi fizik dersinde diger fen
bilimleri dersine gore daha fazla oldugu goriilmiistiir (Kahle ve Meece, 1994). Erkek ve kizlar
arasindaki farka neden oldugu diisiiniilen faktorler literatiirde su sekilde agiklanmaktadir: erkek
ogrencilerin fen bilimleri etkinliklerine daha fazla katildiklars, fen ile ilgili konularda daha fazla okul
ici ve dis1 deneyime sahip olduklari ve fizige karsi daha olumlu bir tutuma sahip olduklar
goriilmektedir (Farenga ve Joyce, 1997; Jones ve digerleri, 2000). Yukarida bahsedilen nedenler
cinsiyet fakliligmin fizik basar1 ve tutumunda farkliliga sebep oldugunu gostermektedir. Bu
farkliliklar1 azaltmak igin yasam temelli 6gretim yaklagimlar: kullamilabilir. Nitekim Ramsden
(1997) amacma uygun olarak islenen Yasam Temelli Ogrenme yaklagimini temel alan derslerin
ogrenciler i¢in daha eglenceli ve daha ilgi cekici olduklarini ve 6grencilerin fen derslerini ¢alismaya
deger olarak algilamalarina neden oldugunu belirtmistir. Ayrica giinlilk yasamla bag kuran
ogrencinin bilime karsi 6grenme isteginin artti§1 da ifade edilmistir (Choi ve Johnson, 2005). Bu
calismada uygulanan yasam temelli problem 6gretimi yaklasimi da fizik basarisinda kadinlar lehine
bir farka neden olmustur. Bu sonuc fizik derslerinde kadinlarin da erkekler gibi basarili olabilecegini
gosteren bir bulgu ortaya koymaktadir.

Oneriler

1. Kadin ve erkek ogrencilerin fizik basarilarindaki genelde erkekler lehine olan farklilig:
kadinlar lehine azaltmak amaciyla yasam temelli fizik problemi ¢oztimii 6gretimi yaklagimi
kullanilabilir.

2. Yasam temelli fizik problemi ¢6zme 6gretiminin fizik basarisindaki cinsiyet farkliligina olan
etkisi tizerine daha genel bir sonuca ulasabilmek i¢in baska arastirmalar da yapilmalidir.
Bagka bir deyisle bu calismada orneklem biiyiikligii siirli oldugundan daha biiyiik
orneklemlerle ¢alisma tekrarlanabilir.

3. Bu galisma yasam temelli fizik problemi 0gretimi yaklagiminin baska yontemlere kiyasla
etkisini ortaya koyamamakla birlikte (glinkii bir kontrol grubu yoktur) yapilan bagka
aragtirmalar yasam temelli problem ¢oziimlerinin etkisini ortaya koyabilmistir. Dolayisiyla
bu calisma fizikteki basariy1 artirma baglaminda yasam temelli fizik problemi ¢oztimiiniin
etkinligini desteklemektedir. Bu baglamda yasam temelli fizik problemi ¢oziimii 6gretimi
yaklasiminin fizik egitiminde siklikla kullanilmas: onerilebilir.

4. Fizik kitaplarinda da geleneksel fizik problemlerinden ziyade yasam temelli fizik
problemlerinin yer almasi 6nerilebilir.

Etik Kurul Onayz: Bu arastirma igin Firat Universitesi Sosyal ve Beseri Bilimler Arastirmalari Etik Kurulundan
etik uygunluk onay1 alinmistir (18.12.2020 tarih 97132852/302.14.01/ say1lt karar)

Arastirmacilarin Katki Orani: Arastirmacilar ¢calismanin her asamasina birlikte katkida bulunmuslardir..

Catisma Beyani: Bu ¢alisma icin herhangi bir ¢ikar ¢atismasi bulunmamaktadir.
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Appendix 1

Context-Based Problems
Problem I

An athlete named Ahmet is training on a 40m radius track in a city park. A friend named Mehmet
is helping Ahmet by timing him. Ahmet starts to coach alongside his friend on the track and
completes the entire track in 30 seconds.

a. Show Ahmet's position relative to the starting point when he is in the first quarter and
halfway around the track.

b. Find his displacement and average speed from the first quarter to the halfway point of the
track.

c. What is the average speed of Ahmet when he finishes the race?

Problem II:

When an earthquake occurs, several types of shock waves are generated. The best known of these
are P waves (P meaning primary) and S waves (S meaning secondary). In the Earth's crust, P waves
travel at around 6.5 km/s, while S waves travel at around 3.5 km/s. Actual speeds may vary
depending on the type of material through which they travel. The difference between the arrival
times of these two waves at the seismic recording station tells geologists how far away the
earthquake occurred from the station. In an earthquake that occurred, this time difference was
observed to be 33s. How far away from the seismic station was the earthquake?

Problem III:

A vehicle descends at a constant speed of 0.8 m/s to land on the surface of the moon. When the
vehicle gets very close to the surface, it has to turn off its engine to prevent the ignition system from
damaging itself. However, when the vehicle touches the ground, its speed must be at most 5 m/s to
prevent damage to its feet. At how many meters above the ground should the vehicle turn off its
engines in order to make a healthy landing on the surface (the acceleration of gravity on the Moon
is 1.6 m/s2)?

Problem IV:

A cargo ship has broken down and the wind is dragging the ship towards the cliffs at a constant
speed of 1.5 m/s. 500 meters before the rocks, the wind stops and the engine can be started. However,
since the rudder does not work, the only solution is to accelerate the ship in a straight path backward
from the cliffs. The total mass of the ship with its cargo is 3.6x10” kg and the engines exert a net force
of 8.0x10* N horizontally. Will the ship hit the rocks? Will it be damaged if it hits the rocks (it is
known that the hull will not be damaged if the ship hits the rocks at a speed of 0.2 m/s or less)? (The
resistance of the water to the ship is negligible).

Problem V:

A truck of mass 2800kg has broken down and a car of mass 1200kg is towing it by a rope on a flat
asphalt road to the industry. The vehicles accelerate from rest to 36 km/h in 10 seconds and will
continue at this speed.
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a) How many m/s? is the acceleration of the vehicles (neglect air resistance)?

b) How far did the vehicles travel until they reached this speed?

c¢) How many Newtons is the frictional force between the wheels of the car and the ground?
d) How many Newtons is the tensile force in the rope?

What is the coefficient of friction between the wheels of the car and the ground (the car has front-
wheel drive)?

Problem VI:

Engineers have started to work on building an aircraft carrier. First of all, they need to calculate the
minimum length of the runway required for the safe take-off of airplanes on board. In order for the
airplanes on the ship to take off safely, when the runway is finished, they must reach a speed of at
least 288 km/h in 2 seconds with the help of a mechanism. In light of this information, what is the
minimum runway length (neglect air resistance)?

Problem VII:

Ahmet is returning from shopping with his father and wants to help his father carry the goods they
bought to their house on the fifth floor. Ahmet knows from previous experience that he can carry
bags with a maximum mass of 10 kg. When they get into the elevator, his father asks Ahmet not to
put the bag he is carrying on the floor because the floor is dirty. With what maximum acceleration
can the elevator accelerate so that Ahmet can carry the 8kg bag without putting it on the floor?

Problem VIII:

A broken-down automobile is placed in the middle of the bed of a truck with the handbrake applied.
The car has a mass of 1200kg and a length of 4m. The bed of the truck is 22m long. The truck
accelerates from rest to 108 m/s in 15 s. Since the coefficient of friction between the wheels of the car
and the ground is 0.15, can the car stop without sliding on the truck bed while the truck is
accelerating? (Neglect the difference between static and kinetic coefficient of friction and air
resistance). If it does slide, after how long and with how much velocity will it hit the truck bed?

Problem IX:

Elif and Zeynep go to an amusement park and want to go on a chain swing, but Zeynep says that
she will not go on the swing if it is spinning faster than 5 m/s. "How should we know how fast it
spins?" Elif says to Zeynep. Zeynep says that they can roughly calculate the speed of the swing.
Assuming that the swing chain has a length of around 5m and that it makes an angle of 37° with the
vertical as it rotates, Zeynep calculates a linear speed. What do you think? Will Zeynep go on the
swings with Elif?
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