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ABSTRACT

In this study, the impacts of teaching modern physics topics according to textbooks that are prepared based on two different physics
curricula implemented in Turkey on students’ success, problem-solving skills, and attitudes were examined. The sample of the study
consisted of 80 high school students studying in the 12™ grade. Within the scope of the study, the modern physics achievement test,
the problem-solving inventory, and the attitude scale toward physics class were administered to the students. Data analyses revealed
that course achievements and problem-solving skills of the students learning modern physics topics with the 2011 curriculum differ
significantly in comparison to those of the students learning modern physics with the 2005 curriculum, yet there was no difference
in terms of attitudes of the students. A good physics curriculum is expected to enhance students’ attitudes toward physics Due to the
complicated formulas, concepts, mathematical operations and calculations in modern physics topics, and students’ attitude toward
physics course may diminish after learning these topics. It can also be said that since the features of the 2011 curriculum have not been
sufficiently reflected in the chapter, it has no influence on students’ attitudes.
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INTRODUCTION

nlike classical physics, quantum physics, which
l | is called modern physics, examines the world of
subatomic particles and is based on a large number of
formulas, equations, and mathematical calculations. In modern
physics classes, fundamental theories and interpretations
of quantum physics are usually discussed. It explains and
interprets the quantum nature of electrons and photons
(Cassens, 1994). It is generally harder than the mathematics
and classical physics that students are used to. It is a field
which is difficult to comprehend due to its abstract and difficult
mathematical and conceptual structure. Understanding modern
physics is of great importance not only to physicists but also to
engineers and chemists. Along with the advances in electronics
and nanotechnology, many devices in the engineering world
can be used with the principles of quantum mechanics. At
the same time, it has become more important to understand
modern physics to enable people to catch up with developing
technology and to make decisions about their businesses. For
this reason, it is important for high school students to learn
modern physics. However, as stated, modern physics topics
are both difficult to understand due to their abstractness and
difficulty, and these courses are also among the most difficult
courses for teachers to teach (Caliskan, 2002). In their study,
McDermott and Redish (1999) examined the studies on physics
teaching according to different categories. In their study,
studies on modern physics concepts accounted for only 1%
of all research.

Despite being an abstract subject involving microscopic
concepts, modern physics requires advanced math skills. One
of the approaches related to modern physics teaching is the
quantitative approach in which students use mathematical
algorithms and correlations to understand the concepts and
to solve problems in this field (Sadaghiani, 2005). Another
approach is the teaching approach in which the historical
development of the theory is taken into consideration. In
this approach, teaching is implemented by emphasizing
the development and history of the theories, concepts, and
experiments that led to the ideas of quantum physics and
relativity. While some studies in the literature (Pospiech,
2000) emphasize that the mathematical structure of quantum
physics theory overshadowed its philosophical aspect; some
studies (Ireson, 1999) content that not only is the solution
of mathematical problems but also the interpretation of
calculations by the theories that pose problems for students.
As far as students’ problem-solving and apprehending, the
concepts are concerned, it is known that although students
can solve the problems using the mathematical formula
in their textbooks, they have experienced difficulties in
understanding the concepts of physics (Kim & Pak, 2002). The
primary reason that makes the teaching of quantum physics
topics difficult in high schools is the inadequacy of students’
mathematical knowledge (Strand, 1981). By the same token,
students’ solving mathematical operations correctly does
not necessarily show that they understand the concepts of
modern physics appropriately (Ke et al., 2005). In a study on
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how high school students think of modern physics concepts,
it has been found that students visualize concepts such as
photons and electrons in many unscientific forms (Mashadi
& Woolnough, 1999). Another study developed an approach
that aimed to teach students the energy spectrum of different
atoms, molecules, and solids, basic concepts such as the
dimensions of the atom and mathematical calculations by
choosing the concepts of state and orbital as central concepts.
In this approach, it was noted that the stationary waves analogy
was used when teaching modern physics concepts to students
and a special computer program was used for the difficulties
experienced in mathematical operations (Niedderer et al.,
1996). Another study examined the students’ misconceptions
about the Schrodinger’s wave equation and concluded that
these misconceptions were caused by wrong generalizations
and that despite the fact that the students were successful
in mathematical operations, they failed to make qualitative
explanations related to the questions (Singh et al., 2006). For
students to learn quantum physics, teaching strategies in which
the concepts are thought are needed (Singh, 2007).

It is seen that both the chronological order and the
mathematical equations and formula are frequently addressed
in textbooks when the topics of modern physics are taught in
Turkey. Research (Eryilmaz & Sen, 2010a; Eryillmaz & Sen,
2010b) highlight some of the difficulties that high school
students experience in learning physics. For example, they
often cannot relate the concepts of modern physics such
as photon, photoelectron, spectrum, photoelectric effect,
and ionization energy with formulas. Similarly, many
high school students have issues exploring, restructuring,
interpreting, and comparing modern physics with their
previous primary education. It is also expected that teachers
have adequate understanding of the topics that should be
taught. However, no studies about teachers in the field of
modern physics education in Turkey have been found. When
those on modern physics or quantum physics in Turkey are
examined (Altunsoy, 2012; Caligkan, 2002; Didis, 2012; Kurt
2010; Ozdemir, 2008; Ozcan, 2009, Simsek, 2009; Yesildag,
2009), it is seen that these are mostly conducted on teacher
candidates. In his studies on teacher candidates, Sen (2002a;
2002b) examined the misconceptions and mistakes that they
made in quantum physics. He reported that senior teacher
candidates still tend to be hinging on classical analogies that
used Newtonian physics instead of modern physics’ way of
thinking. He went on to note that their skills of understanding
and expressing quantum physics were weaker than their
mathematical skills.

While modern physics topics are being taught, it is important
to ensure meaningful learning by concretizing concepts. This
means bringing the visuality to the forefront and identifying
the conceptual and mathematical difficulties that students
encounter. However, it is obvious that there is not enough
development in the field of modern physics teaching in Turkey
and that modern physics topics are taught as the way they are
given in the curriculum in high schools.

In 2005, together with the restructuring of secondary education
institutions, teaching programs started to be renewed as
well in Turkey. The program that was first implemented in
2005, has been revised in 2013. At the same time, a new
physics curriculum was being developed. While the revised
program was gradually phased out, the new physics teaching
programs that were prepared were starting to be implemented.
The exploration of the success and effectiveness of these
two different physics curricula, which have been revised
and put into practice, are important for the evaluation of
the physics curricula. In literature, when the studies about
physics curriculum are examined, it is seen that they make
general evaluations about the curriculum. In this study,
modern physics, which is one of the subjects that students are
challenged with, is chosen and compared by investigating the
success and effectiveness of two different teaching programs.
This study is also important because it guides the new curricula
to be prepared in the field of modern physics and the textbooks
to be prepared for these curricula in physics education.

The main objective of this study is to investigate and evaluate
the impact of the physics course curriculum that has been
applied since 2011 and the teaching of modern physics topics
with the 11" grade textbook prepared based on this curriculum
on learning, relative to the previous physics course curriculum
revised in 2005 and the teaching conducted with the 12 grade
textbook prepared based on this curriculum. A result of this
study is to make a contribution to the high school modern
physics education literature.

The study in teaching the modern physics topics, the impacts
of the modern physics courses conducted in accordance with
the teaching curriculum that has been applied since 2011,
on students’ academic success, problem-solving skills, and
attitudes will be explored relative to the courses conducted in
accordance with the previous curriculum.

METHODS

In this study, a quantitative research method was used.
The study, in which the effectiveness of modern physics
teaching based on two different teaching programs and
textbooks prepared according to these teaching programs
was investigated and evaluated, was conducted in a causal
comparison research model. To determine whether the
curriculum and textbooks were more successful in teaching
modern physics topics, impact assessment among causal-
comparative research models was used. In causal-comparative
studies, experiment and control groups are formed without
intervention of the researcher because the research process
starts after the occurrence of a situation or event (Cohen
& Manion, 1998; Fraenkel & Wallen, 2006). In this study,
the students of the experimental group were taught with
the textbook prepared according to the 11%-grade physics
curriculum while the students of the control group were
taught with the 12"-grade textbook prepared according to the
previous curriculum.
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The Sample

The sample for the study consists of a total of 80 students
studying at the 11™ and 12" grades of two different high
schools in Aksaray Province. Since features such as the random
assignment of subjects in the group and the homogeneity of
the group are not controlled at the outset in causal-comparative
studies (Biiyiikoztiirk et al., 2008), the sample of this study was
determined according to the purposive sampling method which
is one of the non-random sampling methods. In the purposive
sampling method, the groups are determined to depend on the
purpose of the study.

Data Collection Tools

To determine the efficiency of the modern physics courses
taught based on the textbooks prepared according to teaching
programs, the modern physics achievement test (MPAT)
developed by Author (2014), the problem-solving inventory
(PSI) developed by Heppner and Petersan and translated into
Turkish by Sahin et al. (1993) and the attitudes toward the
Physics Course Scale (APCS) developed by Kocakiilah and
Kocakiilah (2006) were administered to the students before
and after the application as pre-test and post-test.

Data Collection

The study was executed simultaneously in two high schools.
This part of the study was realized with the participation of a
total of 80 students in two different high schools. First of all, the
MPAT, the PSI, and the APCS were administered to all groups
as pre-test. Then, students in each group were taught modern
physics with the textbooks that were prepared based on the
related curriculum. After teaching the modern physics topics,
the inventories were re-administered as post-test. During the
study, both the 11" grade and the 12* grade modern physics
courses were taught by the same teacher.

Data Analysis

Data obtained in the study were analyzed through SPSS 17
for Windows software. In the study, the data obtained from
the answers given by the 11th and 12th-grade students to
the achievement test, PSI, and attitude scale were used. First
of all, the obtained data were organized and made ready for
analysis. After the suitability of the data for parametric tests
was checked, a one-way multivariate analysis of covariance
(MANCOVA) which is among the multivariate statistical
methods was determined to be used given the number and type
of variables (Tabachnick and Fidell, 2007). In MANCOVA,
the Bonferroni correction was applied to control type-1 error
and the o value was divided by three because the number of

dependent variables was three, and the significance level was
examined as o = 0.016 (Abdi, 2007).

In the second part of the study, the total score averages of the
data obtained from the answers are given to the questionnaire
items by the experts and physics teachers were calculated and
analyzed and interpreted by making relative interpretation
according to the range method. In the relative evaluation
according to the range method, the difference between the
maximum and minimum scores is calculated, and the score
zones were found by dividing this difference by the score range.
The mean scores were interpreted by making a 3-point Likert
score range as in the questionnaire used, after the maximum and
minimum scores had been detected for each item. In this part,
explanations of the teachers and experts when they responded
no or partially to the questionnaire items were also addressed.

FINDINGS

In this section, findings of the inferential statistical results
related to the study are presented.

Findings Related to the Study

The impacts of the modern physics education taught in line with
the 11th-grade curriculum on students’ modern physics course
achievement, problem-solving skills, and attitudes toward the
physics course relative to the modern physics education taught
in line with the previous 12th-grade curriculum.

After the assumptions of the MANCOVA were checked, a
MANCOVA analysis was run to test the general problem of
the study and the hypothesis related to this. The preparation
of the data related to this part of the study for the analysis,
examination of the premises necessary for MANCOVA,
descriptive and inferential statistical results related to the
data were entirely presented in the thesis of Eryilmaz (2014).
Results of MANCOVA run for testing the hypothesis are
presented in Table 1.

When the MPAT, PSI, and APCS scores are examined in
Table 1, there is a significant difference between modern
physics courses taught according to the curriculum that is
currently applied (Group 1) and modern physics courses taught
according to the 2005 curriculum (Group 2) in terms of mean
scores for attitudes toward physics course, problem solving
skills, and modern physics course achievement.

The eta-squared value (n?), which is also called impact size,
shows how much of the total variance in the dependent variable
is explained by the independent variable or factor. Eta-squared

Table 1: Results of MANCOVA related to the problem of the study

Variable Wilks’ Lambda F Hip. df. Error df. Sig. Multiple eta squared Statistical power
Intercept 0.480 26.324 3 73 0.000 0.520 1.00
MPAT pre-test 0.872 3.577 3 73 0.018 0.128 0.769
APCS pre-test 0.930 1.835 3 73 0.148 0.070 0.458
APCS pre-test 0.981 0.484 3 73 0.695 0.019 0.143
Group 0.351 44.961 3 73 0.000 0.649 1.000
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(n?) takes values between 0.00 and 1.00, and eta-squared values
at the 0.01, 0.06, and 0.14 levels are interpreted as small,
medium, and large impact, respectively (Green et al., 1997).
In the study, the inter-group eta-squared value (n?) was found
to be 0.649. This result indicates that approximately 65% of
the total variance in the dependent variable stems from the
variation in the curriculum, controlling for the covariates.

The mean scores corrected according to the covariates (MPAT,
PSI, and APCS Pre-test mean scores) of post-test mean scores
of MPAT, PSI, and APCS are presented in Table 2.

When Table 2 is examined, it is seen that there is not much
variation in post-test mean scores for MPAT, PSI, and APCS
controlling for the pre-test mean scores for MPAT, PSI, and
APCS between the groups. Depending on this, there is no big
difference between the post-test mean scores of the groups either.

ANCOVA results of the post-test scores for MPAT, PSI, and
APCS corrected according to the covariates are presented in
Table 3.

When Table 3 is examined, it is seen that students’ post-test
scores for problem-solving skills and modern physics course

Table 2: Post-test mean scores of MPAT, PSI, and APCS
according to the groups and corrected mean scores

Variable Group n Mean Corrected mean

MPAT post-test Group 1 40 19.42 19.26
Group 2 40 12.67 12.86

PSI post-test Group 1 40 148.87 149.79
Group 2 40 131.42 130.50

APCS post-test Group 1 40 97.32 97.03
Group 2 40 92.67 92.96

achievement separately demonstrate significant differences
according to the curricula (groups) whereas the attitudes toward
physics courses do not, controlling for the covariates. When it
comes to the impact size value, it can be argued that it is large
in MPAT post-test while small in APCS post-test.

ANCOVA results of the MPAT corrected post-test scores that
are corrected according to the covariates are given in Table 3.
When Table 3 is examined, it is found that a statistically
significant difference exists between the modern physics course
achievements of the students who are taught physics according
to the 2011 and 2005 curricula, controlling for the covariates.
n? was analyzed to find the impact size of the independent
variable on three dependent variables, and it was seen that
there is a large impact size (n?> = 0.602) on modern physics
achievement. This value shows that the change implemented
in the curriculum has a 60% significant impact on students’
modern physics achievements.

The multiple comparison test results of MPAT post-test mean
values are presented in Table 4.

When Table 4 is examined, according to the Bonferroni test
result, it is concluded that the change implemented in modern
physics course education is statistically significant in modern
physics course achievement to mean scores and that an
increase in favor of the 2011 curriculum has been experienced.
It can be claimed that the students who were taught modern
physics courses according to the 2011 curriculum have higher
achievement in comparison to the students who were taught
modern physics courses according to the 2005 curriculum.

ANCOVA results of the PSI corrected post-test scores corrected
according to the covariates are given in Table 3. When Table 3
is examined, it is found that a statistically significant difference

Table 3: ANCOVA results of the post-test scores corrected according to the covariates

Source of Dependent variable Sum of squares df. Mean of squares F Sig.  Partial eta-squared  Statistical power
the variance
MPAT APCS post-test 48.498 1 48.498 0.139  0.710 0.002 0.066
pre-test APCS post-test 530.602 1 530.602 1712 0.195 0.022 0.253
MPAT post-test 63.456 1 63.456 9472 0.003 0.112 0.859
APCS APCS post-test 1334.195 1 1,334.195 3.829  0.054 0.049 0.489
pre-test APCS post-test 171.594 1 171.594 0.554  0.459 0.007 0.114
MPAT post-test 1.046 1 1.046 0.156  0.694 0.002 0.068
APCS APCS post-test 7.221 1 7.221 0.021  0.886 0.000 0.052
pre-test APCS post-test 283.657 1 283.657 0915 0342 0.012 0.157
MPAT post-test 3.054 1 3.054 0.456  0.502 0.006 0.102
Group APCS post-test 310.311 1 310.311 0.891  0.348 0.012 0.154
APCS post-test 6976.318 1 6,976.318 22,512 0.000 0.231 0.997
MPAT post-test 761.038 1 761.038 113.599  0.000 0.602 1.000
Error APCS post-test 26,133.956 75 348.453
APCS post-test 23,241.836 75 309.891
MPAT post-test 502.452 75 6.699
Total APCS post-test 750,046.00 80
APCS post-test 1.601.708.00 80
MPAT post-test 22.092.00 80
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Table 4: Multiple comparison test (Bonferroni test) results of the MPAT

Dependent variable (1) Group (J) Group Difference of means (I-J) Standard error Sig. Confidence Interval
Lower limit Upper limit
MPAT Post-test Group 1 Group 2 6.372 0.598 0.000 5.181 7.563
Group 2 Group 1 -6.372 0.598 0.000 ~7.563 -5.181

MPAT: Modern physics achievement test

Table 5: Multiple comparison test (Bonferroni test) results of the PSI post-test scores

Dependent variable () Group  (J) Group  Difference of means (I-J)  Standard error Sig. Confidence interval
Lower limit Upper limit
PSI post-test Group 1 Group 2 19.293 4.066 0.000 11.193 27.394
Group 2 Group 1 -19.293 4.066 0.000 -27.394 -11.193

PSI: Problem-solving inventory

exists between the problem-solving skills of the students who
are taught physics according to the 2011 and 2005 curricula,
controlling for the covariates. The impact size of the dependent
variable on problem-solving skills is large, and the value is
n? = 0.231. This value shows that the significant impact of
the change in the curriculum on students’ problem-solving
skills is 23%.

The multiple comparison test results of PSI post-test scores
are presented in Table 5.

When Table 5 is examined, according to the Bonferroni test
results, it is concluded that the change implemented in modern
physics course education is statistically significant in students’
problem-solving skills and that an increase in favor of the 2011
curriculum has been experienced. It can be claimed that the
students who were taught modern physics courses according
to the 2011 curriculum had better problem-solving skills in
comparison to the students who were taught modern physics
courses according to the 2005 curriculum.

ANCOVA results of the APCS corrected post-test scores
corrected according to the covariates are given in Table 3.
When Table 3 is examined, no statistically significant
difference was found between the mean scores of the attitudes
toward the physics course of students who are taught physics
according to the 2011 and 2005 curricula, controlling for the
covariates. The n? value was analyzed to find the impact size
of the independent variable on the dependent variable, and it
was seen that the impact size on attitudes toward physics course
is small with a value of 1> = 0.012. This value shows that the
difference between the modern physics course curricula has a
1.2% and statistically insignificant impact on students’ attitudes
toward physics course.

DISCUSSION

It is seen that students in both groups succeeded in the pre-
test of the MPAT without a significant difference between
their mean scores. It is assumed that the main reason for
this success is that the topics are taught to the students

by the auxiliary course institutions they enroll to prepare
for the university entrance exam. Furthermore, similar
modern physics topics are taught in the 10" grade in the
2011 chemistry curriculum. It is seen that students in both
groups enhanced their achievements at the post-test of the
MPAT, yet, the students at the 2011 curriculum group are
more successful than the students in the previous curriculum
group. The most basic feature of the 2011 curriculum is the
existence of skills that are expected to be processed in the
knowledge gains of each chapter. It is concluded that because
this skill that needs to be in the modern physics chapter is
not at an adequate level, students’ problem-solving skills
demonstrate differences relative to the previous curriculum,
yet this difference is not large since these skills could not be
processed sufficiently.

As it is frequently emphasized in literature, it is known that
students do not develop a positive attitude toward courses that
they find abstract and hard, and cannot understand. Physics
is a primary example of these courses (Demirci, 2004). It is
thought that because modern physics is one of the hardest
topics of physics course, no significant difference was seen
between the students’ attitudes toward the course before and
after the modern physics education. A good physics curriculum
is expected to enhance students’ attitudes toward physics
(Zacharia, 2003). Due to the complicated formulas, concepts,
mathematical operations, and calculations in modern physics
topics, students’ attitude toward physics courses may diminish
after learning these topics. It can also be said that since the
features of the 2011 curriculum have not been sufficiently
reflected in the chapter, it has no influence on students’
attitudes.

CONCLUSIONS

In this study, it is aimed to investigate and evaluate the impact
of the teaching of the current physics course curriculum that
has been applied since 2011 and the modern physics topics
of the 11%-grade physics textbook prepared in line with this
curriculum in comparison to the teaching of the current physics
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course curriculum that has been applied since 2005 and the
modern physics topics of the 12%-grade physics textbook
prepared in line with this curriculum. In this study, which
consists of two parts, the impacts of the courses, in which these
curricula are applied, and the textbooks prepared according to
these curricula are used, on students’ academic achievement,
problem-solving skills, and attitudes in the teaching of modern
physics topics were investigated.

In the study, first, the MPAT, the PSI, and the attitudes toward
physics course scale were applied as a pre-test to identify
students’ preparedness level and pre-learning. As a result of the
pre-tests, it was seen that preparedness level and pre-learning
of the students participated in the study were the same. After
the modern physics courses, differences were identified in
students’ attitudes toward physics course, problem-solving
skills, and modern physics achievement in the courses
conducted in line with the 2011 curriculum and the courses
conducted in line with the previous curriculum.

When the results were analyzed as to students’ modern physics
achievements, no significant difference was found in students’
modern physics achievement in the courses conducted in line
with the current curriculum in comparison to the previous
curriculum. It was determined that students who are taught with
2011 curriculum and textbook were more successful in modern
physics topics in comparison to the previous curriculum. This
result is in parallel with the studies by Caliskan (2002), Tuncer
and Eryilmaz (2002), Simsek (2009), and Yildiz (2009) in
terms of the enhancement of student achievement with the
curriculum.

When the results were analyzed in terms of students’
problem-solving skills, significant differences were found
between students’ problem-solving skills at the end of the
courses conducted in the 2011 curriculum in comparison to
the previous curriculum. It was determined that the problem-
solving skills of the students who are taught with 2011
curriculum and textbook were higher in comparison to the
2005 curriculum.

When the results were analyzed in terms of students’ attitudes
toward physics course, no significant difference was found in
students’ attitudes toward physics courses at the end of the
courses conducted in the 2011 curriculum in comparison to the
2005 curriculum. It was concluded that there is no significant
enhancement between the students taught with the 2011
curriculum and textbook, and the students taught with the 2005
curriculum and textbook in terms of attitudes toward physics
course. This result shows, as in Aycan and Yumusak’s (2003)
study, that students’ attitudes do not enhance in the topics they
have difficulty in understanding.
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