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Considering the challenges students face in learning physics, exploring the use of
peer instruction in primary school could provide teachers with a valuable new tea-
ching strategy. This research encompassed teaching the topics Balance and Ener-
gy, with the aim of examining the impact of peer instruction on student achievement
and its role in reducing misconceptions. The respondents were 132 Grade 7 students
(13 years old) from two primary schools in Subotica, Republic of Serbia. A pedago-
gical experiment was conducted with an experimental and control group, using a
pretest-posttest design. Statistical analysis included the Mann-Whitney U test, in-
dependent samples t-test, paired samples t-test, and calculation of n-gain and the
percentage of students understanding the concepts. The results showed that the ap-
plication of peer instruction leads to better student achievement (the t-test results
showed a significant difference between the experimental and control groups at the
end of the pedagogical experiment, t = -3.86, p < 0.001), however does not spon-
taneously lead to a reduction in misconceptions (Man-Whitney U test showed no si-
gnificant difference in misconceptions between groups after the pedagogical expe-
riment, U = 721.50, p = 0.432). Additionally, this teaching method is equally effective
in fostering deeper learning and engagement for both genders.
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In the Serbian education system, primary education comprises eight
grades and includes students aged 7-15. Therefore, students in Grade
7 (typically 12-13 years old) are classified as primary school students.
Physics is introduced as a separate subject in Grade 6 (age 12), while
basic concepts are covered earlier through integrated subjects. PISA
(Programme for International Student Assessment) results [OECD,
2019] showed that 15-year-old Serbian students had below-average
competence in science, indicating insufficient preparation for critical
thinking and problem-solving in high school. To improve this, foun-
dational knowledge and misconceptions need to be addressed ear-
ly in education.

Various studies have provided valuable insights into effective
strategies for addressing students’ misconceptions. For example,
research has shown that engaging students in hands-on experiments,
interactive lessons, and discussions can effectively challenge and
correct misconceptions [Adilah, Ngazizah, Nurhidayati, 2025; Eryil-
maz, 2002; Pacaci, Ustun, Ozdemir, 2024; Resbiantoro, Setiani, Ko-
ranto, 2022]. Other studies have focused on using conceptual change
strategies to help students recognize and overcome incorrect ideas
about fundamental physics concepts [Ding et al., 2024; Duit, Treagust,
2003; 2012; Posner et al., 1982]. Some researchers suggest that dia-
log-based approaches may be effective in addressing misconceptions
[Buteler, Coleoni, 2016; Gafoor, Akhilesh, 2010; Leinonen, Asikainen,
Hirvonen, 2017; Pulgar, Spina, Rios, 2020]. However, the potential im-
pact of peer instruction on reducing misconceptions, especially in pri-
mary education, is underexplored. Specifically, evidence is lacking on
whether peer instruction encourages students to question their un-
derstanding, leading to spontaneous reduction of misconceptions.
This research aims to fill the above gap by examining the effective-
ness of peer instruction in improving the achievement of Grade 7 stu-
dents in physics, enhancing their understanding and fostering the
spontaneous reduction of misconceptions in physics without direct-
ly addressing them.

Peer instruction is an interactive teaching method where stu-
dents discuss and clarify misunderstandings in physics through paired
conversations. Working together, they exchange ideas, identify am-
biguities, and help each other better understand the topic [Haataja
etal., 2022]. During discussions, students argue why they believe their
answers are correct and challenge their peers’ answers, which may
reveal gaps in their knowledge and dissatisfaction with it. This process
helps students recognize their misconceptions. Even if both students
in a pair hold different misconceptions, their exchange can be mutually
beneficial. By challenging each other, they may realize that neither ful-
ly understands the concept yet, prompting collaboration toward dee-
per, more accurate understanding.
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The idea of misconception refers to incorrect understanding of
concepts, specifically beliefs inconsistent with scientific explanations
[Tippett, 2010]. Misconceptions may arise from misinterpretations of
daily experiences, inaccurate media information, everyday language,
or cultural traditions, becoming ingrained and creating learning bar-
riers [Guerra-Reyes et al., 2024; Kulgemeyer, Wittwer, 2023]. They
are strongly resistant to change, even with structured teaching [Tip-
pett, 2010]. Two main strategies address children’s misconceptions
in science. The first one corrects faulty beliefs by introducing accu-
rate concepts, while the second one encourages students to engage
with their misconceptions, using them as a basis for deeper learning
[Pine, Messer, St. John, 2001]. Conceptual change offers a pathway
to overcoming misconceptions by transforming students’ initial beliefs
into scientifically valid conceptions. However, facilitating this change
requires more than simply presenting correct information. It involves
actively engaging students in a process of reflection and comparison,
where they evaluate their existing ideas against new, more coherent
scientific explanations [Duit, Treagust, 2012]. Correcting misconcep-
tions requires an active process of reconstructing ideas, which hap-
pens when students find new concepts more convincing [Duit, Trea-
gust, 2012; Posner et al., 1982]. Cognitive conflict, when students’
established beliefs are confronted with new information, plays a key
role in this process [Limon, 2001]. While dissatisfaction with their own
understanding may cause anxiety, conceptual change often occurs,
though it can be superficial in some cases [Lee, Byun, 2012].

Research indicates that misconceptions are an inherent part of
the learning process for many physical phenomena and are often per-
sistently present among both students and teachers [Kikas, 2004].
In some cases, science teaching itself can reinforce misconceptions
[Duit, Treagust, 2012]. Ignoring them only perpetuates the problem
across generations [Leti¢, 2017].

Students often struggle with grasping basic concepts of static
equilibrium, whether in experiential or academic contexts [Newcom-
er, Steif, 2008; Ortiz, Heron, Shaffer, 2005; Palmer, 2001]. Their under-
standing of equilibrium and stability is further complicated in the con-
text of moving reference frames. For instance, students often struggle
to differentiate stable and unstable equilibrium, particularly when sys-
tems are analyzed in inertial or non-inertial reference frames [Canu, de
Hosson, Duque, 2016]. Many students confuse constant velocity mo-
tion with equilibrium [Halim, Yong, Meerah, 2014] and fail to recognize
neutral equilibrium [Roncato, Rumiati, 1986]. Additionally, they often
mix scientifically accurate and inaccurate concepts of static equilibri-
um [Palmer, 2001], and the concept of center of gravity further com-
plicates their understanding [Roncato, Rumiati, 1986]. Despite using
force and moment summation in explanations, students inconsistently
apply these principles [Newcomer, Steif, 2008]. Tenzin [2024] showed
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that diagrams can aid in understanding balanced and unbalanced
forces, while Canu, Duque, de Hosson [2017] demonstrated that ac-
tive learning can address misconceptions about equilibrium. Miscon-
ceptions are also common in buoyancy, with various strategies pro-
posed to address them [Buteler, Coleoni, 2016].

The concept of energy is often misunderstood, with students dis-
playing low comprehension [Dega, Govender, 2016; Dega, 2019]. Mis-
conceptions about energy and force are common at all education
levels, with students failing to clearly distinguish between the two con-
cepts [Yuruk, 2007], confusing kinetic energy with momentum [Bryce,
MacMillan, 2009], or struggling to understand the relationship be-
tween energy, power, and conservation [Goldring, Osborne, 1994].
Other misconceptions include misunderstandings about work [An-
ggrayni, Ermawati, 2019], applying energy and momentum conserva-
tion incorrectly in real-world scenarios [Singh, Rosengrant, 2003], and
overly generalizing changes in energy [Dega, Govender, 2016]. Beliefs
that energy is exclusive to living things, that objects at rest have no
energy, and that energy is created by activity are also common [Meir-
ing, Webb, 2012]. These misconceptions hinder deeper understand-
ing of the concept of energy. Since traditional teaching appears in-
sufficient for fostering deep understanding of the concept, various
authors seek more appropriate strategies. Various instruction strate-
gies, such as the ‘idea factory’, are designed to more effectively ad-
dress misconceptions and promote deeper comprehension of energy
(e.g. [Koma et al., 2021]). For example, Fortus et al. [2019] proposed
a new approach that improves the understanding of the concept of
energy compared to the traditional method, regardless of students’
prior knowledge. This new approach to teaching about energy elimi-
nates the need for discrete energy forms, emphasizing the fundamen-
tal connections among energy, systems, and the fields that mediate
long-range interactions.

Peer Instruction (Pl) was devised by Harvard University professor Eric
Mazur, the author of the manual Peer Instruction: A User’s Manual
[Mazur, 1997]. The major focus in the Pl method is discussion, and
in order to provide time for discussion between paired students, the
teacher’s role in a Pl class is less detailed than it would be in teach-
er-centered instruction (traditional teaching). Therefore, the students
are given the task of familiarizing themselves with the topic in advance,
before the class, using the textbook and notes. At the beginning of the
class, the teacher administers a quiz to assess the students’ under-
standing of the pre-read material.

This is followed by the teacher’s ten-minute presentation during
which he or she highlights the most important points of the lesson.
Then, the teacher gives each student the same Concept Test, consist-
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ing of multiple-choice questions. Despite the name, the Concept Test
does not serve to evaluate knowledge, but rather represents teaching
material with short conceptual questions.

After reading the question, students independently think about it
and record their answers. If 30 to 70% of students select the correct
answer (Mazur did not explicitly state these percentage values; how-
ever, they were adopted for the purpose of our research), Pl is applied:
students with differing answers discuss their reasoning in pairs, aiming
to ‘convince’ each other. Afterward, students record their answers
again. To ensure understanding, one or more students (or the tea-
cher if needed) explain their reasoning and provide the correct answer.

If less than 30% of students answer correctly, the teacher revisits
and clarifies the concept to which the question refers, focusing on dif-
ficult areas. Students then re-record their answers (as if they were an-
swering from the beginning), so the following procedure is the same
as described earlier.

If after reading the question, more than 70% of the students answer
correctly, it is considered that the students understood the concept to
which the question refers. Then, a student or students provide the answer
and explanation, with the teacher’s help if needed, and the class mo-
ves on to the next question. The procedure is the same for all questions.

Most of the studies involving Pl refer to research with university
students, while less research has been done on primary school stu-
dents [Woo, MohdRameli, MohdKosnin, 2022]. Woo et al. conducted
a meta-analysis on the impact of Pl on learning in both cognitive and
affective domains, including primary, secondary, and university stu-
dents. The research mainly focuses on cognitive aspects, such as stu-
dent achievement and problem-solving skills.

The Pl has been studied with primary school students in various
STEM subjects, but research focusing on its use in primary physics
classes is rather limited. Howe, Tolmie, Rodgers [1990] showed that
Pl improves primary school students’ understanding of physics to-
pics like floating and sinking. A case study in Slovenia with 9-10-year-
olds also demonstrated advancement in knowledge of physics [Pa-
vlin, Campa, 2021]. A study that included students in the 6th grade of
primary school (aged 11-12) in Turkey [Sencar Tokg6z, 2007] showed
that Pl approach leads to higher achievement and retention rates than
does traditional teaching. A study of teaching Grade 9 students (aged
13-15) about motion and forces conducted in a Louisiana school de-
monstrated that in Pl-taught classes student achievement was higher
than in the traditional classes [Harvey, 2013].

Pl is rarely used in primary school and, to the best of our knowledge,
there is no research on its application in teaching physics to 7-gra-
ders. The aim of this research is to examine the impact of applying the
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PI method in teaching physics on the achievements and misconcep-
tions of Grade 7 students from two primary schools in Subotica, Re-
public of Serbia, especially in two teaching topics: Balance and En-
ergy (more specifically, Work, power, and energy).

In order to realize the stated aim, the following research ques-
tions are proposed:

RQ1 — How does the implementation of Pl in physics classes af-
fect the achievement of Grade 7 students in physics?

RQ2 — What misconceptions related to the topics Balance and
Energy are most common among Grade 7 students?

RQ3 — How does the implementation of Pl in physics classes af-
fect the ability of Grade 7 students to overcome difficulties in unders-
tanding concepts related to the topics Balance and Energy?

A pedagogical experiment was conducted with a control group (CG)
and an experimental group (EG). The EG applied Pl as the experimen-
tal factor, while the CG continued with their regular traditional tea-
ching, which was used in both groups before the pedagogical experi-
ment. Student achievement was measured, and misconceptions were
identified at three different time points during the study: before, du-
ring, and after the experiment. The research was conducted from the
beginning of February to the middle of May 2024.

The research involved 132 7th graders (aged 12-13), who had knowledge
of physics from the previous grade. The participants were from two pri-
mary schools in Subotica, Republic of Serbia. Six classes took part
in the research, which was approved by the Ethics Committee of the
University of Novi Sad, Faculty of Sciences, and the school manage-
ment. All students were informed about the research and participated
voluntarily, with their privacy respected'.

Four out of six initially tested classes were selected for the pe-
dagogical experiment (80 students). Since the classes were pre-for-
med within the educational system and students could not be trans-
ferred between them for the research, two classes were excluded as
their competence in physics was significantly different from that of the
other classes. Two classes formed the CG (39 students) and two other
classes constituted the EG (41 students).

' Before the survey began, participants were informed about the data collection process, the type
of data processing and the individuals who would have access to the data as part of the pro-
ject. Participation was voluntary and anonymous. Participants had the option of withdrawing
from the research at any time without giving reasons and without incurring any disadvantage.
An additional approval was obtained from the Ethics Committee of the University of Novi Sad,
Faculty of Sciences (No. 0601-91/24-2).
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Student achievement was evaluated using knowledge tests created
for research purposes, and additional diagnostic tests were developed
for identifying students’ misconceptions.

Three knowledge tests were developed as research instruments. The
first test (Test 1) focussed on the topics that students had previously
studied in their physics lessons, assessing their basic understanding of
fundamental physics concepts. The second test (Test 2) referred to the
topic Balance, which was covered during the pedagogical experiment.
Finally, the third test (Test 3) evaluated the students’ understanding of
the topic Energy, also taught during the pedagogical experiment. These
tests were reviewed by an expert team consisting of three university pro-
fessors, three teachers, and a school counsellor, who confirmed the va-
lidity of the tests based on clarity, relevance, and alignment with the re-
search aim. Additionally, students from a separate Grade 7 class, not
included in the study, completed all the tests and found them clear, ap-
propriately challenging, and easy to understand. Each test contained
11 questions, varying in type and complexity. The test included a com-
bination of matching questions, essay-type questions, open-ended
questions, alternative choice questions, multiple-choice questions, and
calculation problems. These varied question types were designed to as-
sess different levels of student understanding, from basic knowledge
recall to higher-order critical thinking and conceptual analysis.

The reliability of the knowledge tests was determined using Cron-
bach’s alpha coefficient. Cronbach’s Alpha coefficients for the tests
are .71for Test 1, .76 for Test 2, and .81 for Test 3.

Two two-tiered diagnostic tests were developed for the identifica-
tion of misconceptions — Misconceptions 1 and Misconceptions 2,
for teaching the topics Balance and Energy, respectively. The content
and structure of the tests were carefully reviewed by an expert team.
The team assessed the most common misconceptions in the literature
and, guided by prior knowledge and experience, determined which mis-
conceptions should be targeted and which distractors were most likely.
These experts ensured that the conceptual focus of the tests was val-
id and aligned with the intended learning outcomes, ensuring that the
tests effectively addressed relevant learning challenges. Additionally,
similar to the knowledge tests, students from a separate Grade 7 class
excluded from the study completed the diagnostic tests and provided
feedback on their clarity and appropriateness. Since these tests were
designed to diagnose specific misconceptions, standard reliability mea-
sures like Cronbach’s alpha were not applicable as the internal consis-
tency across items was not relevant. Instead, the focus was placed on
accurate identification of particular misconceptions.
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Both diagnostic tests consist of ten tasks, and for each task, stu-
dents must choose the correct answer to the question and the reason
behind their decision, with multiple-choice options for both. Sample
questions are shown in Figures 2 and 3. Depending on the answers to
both the question and reason, the test categorizes the studens’ un-
derstanding into one of the three outcomes: (1) if both the answer and
the reason are correct, the student understands the concept; (2) if the
answer is correct but the reason is incorrect (or vice versa), the stu-
dent has a misconception; and (3) if both the answer and the reason
are incorrect, or if there are no answers provided for either or both,
the student does not understand the concept.

Both CG and EG were subjected to an initial physics knowledge test
(Test 1) before the pedagogical experiment and two more tests, Test 2
and Test 3, were conducted after teaching the topics Balance and En-
ergy, respectively. The students took each of the tests for identifying
misconceptions twice. Specifically, they completed the first test be-
fore (Misconceptions 1 — initial) and after (Misconceptions 1 — final)
studying the topic Balance, and the second test before (Misconcep-
tions 2 — initial) and after (Misconceptions 2 — final) being taught
about the topic Energy (Figure 1).

Figure 1. Research procedure

Sample
(6 classes)

v

| Test 1; Misconceptions 1 — initial |

.

Equalization of groups
(2 classes were eliminated)

C group E group
(2 classes) (2 classes)

v

| Test 3; Misconceptions 2 — final |

v

| Data analysis |
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5.4.1. Control
Condition

Equalizing the groups was achieved by selecting two classes for
the EG and matching them with two very similar classes in the CG. The
two teachers who were the regular physics instructors for these classes
were assigned to the CG and EG. Each teacher taught one class from
the CG and one from the EG. Both CG and EG were studying the same
coursebook units. In the CG, traditional teaching methods were used,
while in the EG, Pl was applied. The teachers were trained to apply the
PI method in the EG as Pl is not commonly used in schools in Suboti-
ca, making this training essential for the effective implementation of
the pedagogical experiment. The Pl training was conducted over eight
sessions, each lasting one hour, within one month. The primary focus
of the training was to equip the physics teachers with the necessary
skills for implementing Pl in their work. This included familiarizing them
with the core concepts of PI, how the lessons are structured, and the
roles of both the teacher and students during PI. Additionally, the trai-
ning involved the teachers’ active participation in preparing instructio-
nal materials, selecting appropriate content, deciding how thoroughly
the content should be covered, and developing Concept Tests neces-
sary for the successful implementation of PI. The researchers moni-
tored the process, helping the teachers to prepare for the lessons and
consulting them as necessary before and during classes.

All lessons were conducted during regular class periods. The re-
search involved 24 class periods of physics instruction, in line with the
curriculum, with students having Physics twice a week. Notably, classes
were divided into two types: a ‘new content’ class, where most of the
teaching concepts were introduced for the first time, and a ‘review’
class, which followed a ‘new content’ one and focused on consolida-
ting and reinforcing the concepts learned. Each class period lasted 45
minutes, and each lesson was covered within two class periods — one
for the ‘new content’ (a new content class) and the other for the ‘review’
(areview class). A total of eight lessons were taught, with four within the
topic Balance (The action of two forces on a body — resultant force; The
concept and types of equilibrium; Lever and moment of force; Archime-
des’ law, floating and sinking of bodies) and four within the topic Energy
(Mechanical work; Kinetic and potential energy; Law of conservation of
mechanical energy; Power). The remaining class periods were allocated
for student assessment, which included evaluating their knowledge and
understanding as part of the data collection process.

In the CG, the traditional approach was used, which, in addition to tra-
ditional teaching for the entire class, involved solving calculation pro-
blems, conducting demonstrations, and performing experiments in
small groups of two or three students. The students actively partici-
pated in all activities: discussing the physics concepts being taught,
independently solving calculation problems, and observing experi-
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ments while drawing conclusions. The students were constantly en-
couraged to actively participate in the discussion and give conclu-
sions, whereby their activity could result in higher grades.

Before the classes with Pl began, the students were informed about all
the important details related to these classes. Compared to the origi-
nally proposed classes with Pl [Mazur, 1997], explained in the Peer Ins-
truction section, in this research the classes in which Pl was applied
had certain changes. Pl was applied only in the review classes, which
followed the new content classes. The original concept of this meth-
od meant that the students read the material intended for the class in
advance and took a quiz at the beginning of the class to determine the
level of student understanding of the material read. However, in this
research, there was no need for a quiz because the students learned
the intended theoretical concept entirely in the new content classes,
which preceded the classes with PI. Thus, this teaching method was
used as an innovative approach in review classes.

During the introductory part of the class, which lasted approxi-
mately 10 minutes, the teacher presented the basic concepts that the
students had to learn/review in class. The next 30 minutes were spent
on the Concept Test. Approximately 10 minutes were allotted for each
question. Each Concept Test was the same format as that in Mazur’s
version. All students of the EG took the same Concept Test, so each stu-
dent had their copy on paper. The process with the Concept Test fol-
lowed the original approach, as described in the Peer Instruction sec-
tion. The remaining time in the review class was used for students and
the teacher to discuss any unclear points about the material studied.

Concept Tests were specifically designed for the implementation of
the pedagogical intervention using PIl. A total of eight Concept Tests
were created, one for each lesson covered in the research.-Each test
contained three multiple-choice questions. Some of the questions were
directly adapted from Mazur’s manual, while others were newly de-
signed to align with the intended concepts covered within the lessons.
These teaching materials were reviewed in the same manner as the data
collection instruments, by the expert team and students from a sepa-
rate Grade 7 class excluded from the study. Their clarity and relevance
were confirmed. The first Concept Test is presented in the Appendix.

Statistical analysis was conducted to examine data distribution and re-
lationships. Data normality was assessed with the Shapiro-Wilk test,
and appropriate statistical tests were applied: parametric tests for nor-
mally distributed data and non-parametric tests for non-normal data.
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6. Results

6.1. Student
Physics
Achievement

The Mann-Whitney U Test compared physics grades and overall school
achievement at the end of Grade 6 to ensure group equivalence. For
RQ1, independent samples t-tests were used to compare physics test
scores between the EG and CG before, during, and after the interven-
tion. A paired samples t-test compared Test 1, Test 2, and Test 3 scores
within each group. Independent samples t-tests also compared the
scores between boys and girls in both groups across the three as-
sessments. To address RQ2, the percentage of students demonstra-
ting understanding or misconceptions was calculated. For RQ3, the
Mann-Whitney U Test compared understanding levels between the
groups at the start and end of the intervention, and the average nor-
malized gain (n-gain) was calculated to assess overall student pro-
gress in conceptual understanding.

The normality of the obtained data was examined and appropriate sta-
tistical tests were applied for further analysis: see the Shapiro-Wilk
test results in the Appendix and the Statistical data analysis section,
respectively. Before conducting the pedagogical experiment, the
equality of the EG and CG was confirmed (Figure 1).

Table 1. Mann-Whitney U Test results for physics against overall school achievement
at the end of Grade 6

Variable {Group iM iSd U 4 ip
physics grades at the end of Grade 6 : CG 4.0 1.1 718.00 i -1.21 {.227
EG 4.3 .8

overall school achievement at the end : CG 4.2 1.0 713.00 : -1.31 191
of Grade 6 EG 45 6

According to the results of the Mann-Whitney U test, at the end of
Grade 6, there was no statistically significant difference between EG
and CG in either physics grades or the overall school achievement
since corresponding p-values exceeded .05 (Table 1).

Levene’s test showed p-values greater than .05, indicating equal
variances between the EG and CG, thus meeting the assumption for
the independent t-test. The independent samples t-test revealed no
significant difference in physics test scores between the two groups
before the experiment as the p-values exceeded .05 (Test 1in Table 2).

This section will focus on exploring RQ1. The results of an independent
samples t-test indicated that there was a statistically significant diffe-
rence in the physics test scores between students in the EG and CG
after the introduction of Pl in the physics class (Table 2). Students in
the EG achieved significantly higher results compared to those in the
CG on both Test 2 and Test 3.
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Table 2. Results of independent samples t-test of physics test scores in EG and CG

Variable Group Sd Levene’s test Independent samples t-test
: p i df p
iCG
: 401 -1.79 78 .077

197 213 78 036
1985  i-3.86 78 £.000

Additionally, a paired samples t-test showed no significant diffe-
rence in the CG between Test 1 and Test 2, nor between Test 2 and
Test 3. In the EG, there was no significant difference between Test 1
and Test 2; however, a significant difference was found between Test
2 and Test 3 (Table 3).

Table 3. Results of paired samples t-test of initial and final physics test scores
in EG and CG

Group Variables t df p

CG Test 1-Test 2 -.87 38 .388
TestZTest3 ............. 17 38 ................................ 865 .........................

EG .............................. Test1Test2 ............ 8 199 40 ................................ 053 .........................
TestQTests ............ - 231 40 ............................... 025 .........................

The results of the independent samples t-test, conducted across
three separate assessments (Test 1, Test 2, and Test 3), indicated that
there was no statistically significant difference between the physics
test scores of boys and girls in either the EG or CG (Table 4).

Table 4. Results of independent samples t-test of boys’ and girls’ physics test
scores within EG and CG separately

Group Variable : Gender : M Independent samples t-test
t Cdf ‘p

£45.1

G ...............
boys N =17 e ‘
girls N =22 i FIR S FERSRA ;

Test 3

i Test 1

EG
boys N =15 ! e ‘
girls N =26 oo, R ;
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Concepts

In order to explore RQ2, the percentage of students was first calcu-
lated in each of the three categories: those demonstrating unders-
tanding, those exhibiting misconceptions, and those who failed to un-
derstand the concepts. Questions in which a large number of students
exhibited misconceptions or failed to grasp the concept, while only a
small number demonstrated understanding, were labeled as those
that students experienced difficulty in understanding. On Misconcep-
tions 1, two questions stand out as having the most difficulty in unders-
tanding the concepts covered in the topic Balance, where both ques-
tions refer to the conditioning of the body’s balance by the position
of the point of application of force on the body. An example of one of
those two questions is given in Figure 2. For Misconceptions 1 — ini-
tial, 61.25% of students’ answers to the question were misconceptions,
and 25% of students did not understand the concept, while for this
question an even worse result was achieved for Misconceptions 1 —
final, with 58.75% of students’ misconceptions, while 32.5% students
did not understand the concept.

Figure 2. An example question from diagnostic test for identifying misconceptions
within Balance

Look at the Figure carefully.

A glass bottle is on an inclined plane, exposed to the force of the Earth’s gravity (F), and is in a state of
equilibrium. Will it remain in a state of equilibrium if a bouquet of flowers is added, as shown in the figure?
a) yes;

b) no.

The reason for your answer is:

a) It is harder to move a heavier object from a state of equilibrium.

b) A heavier bottle experiences greater friction than a lighter one.

c) The center of mass of a two-body system lies on the line connecting the centers of mass of the two
bodies.

d) None of the above. Add your answer.

Similarly, on Misconceptions 2, three questions show the most
difficulty in understanding the concepts covered in the topic Energy,
where these questions refer to the law of conservation of mechani-
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cal energy. An example of one of those three questions is given in Fi-
gure 3. For Misconceptions 2 Initial, among the students’ answers to
the question, 45% were misconceptions, and 46.25% of students did
not understand the concept, while for this question an even worse re-
sult was achieved for Misconceptions 2 Final, with 52.5% of students’
misconceptions, while 40% students did not understand the concept.

Figure 3. An example question from diagnostic test for identifying misconceptions
within Energy

Look at the Figure carefully.

A light body of mass 100g is placed in a heavy container in position 1. If the surface of the bowl is
slippery, the body will have maximum velocity in position:

a) 2;

o
B w

ooz

=z

e) None of the above. Add your own answer.

The reason for your answer is:

a) When an object slides to the bottom of the container, it will stop because its energy is equal to zero.
b) The mechanical energy at every point is constant.

c) The farther an object is from its original position, the less energy it has. Therefore, at the start of the
slide, the object has maximum speed because it has maximum energy.

d) None of the above. Add your answer.

In the analysis of the data from Misconceptions 1 and 2, each indi-
vidual question was evaluated separately (Figures 4 and 5). Since the
application of Pl should provide benefits for students’ understanding of
the topics covered by this teaching method, the emphasis in the analy-
sis of results of the test for identifying misconceptions is on the change
in the representation of students whose answers indicate that they have
understood the concepts (variable U) covered by the questions. The fol-
lowing labels have been introduced for the variables: InU_1and FinU_1
respectively represent the percentage of students who understand the
concepts from Misconceptions 1 Initial and Misconceptions 1 Final, while
InU_2 and FinU_2 represent the percentage of students who understand
the concepts from Misconceptions 2 Initial and Misconceptions 2 Final.

RQ83 is partially addressed in Figures 4 and 5, which show the
percentages of students in the EG and CG who understood the

285



Marko Tomik, Sladan Jeli¢, lvana Bogdanovi¢
Applying Peer Instruction to Teaching Physics in Grade 7

286

Figure 4. Percentage of students who understood concept in question
(InU_1 and FinU_1) in CG and EG

90.0
80.0
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60.0
50.0 1
40.0 4
30.0
20.0
10.0

00—
2 3 4 5 6 7 8 9 10

1
[dinu_1Cgroup M FinU_1Cgroup [JInU_1Egroup [ FinU_1 E group

The questions were related to the following concepts:

1— types of balance;

2 — the resultant force;

3, 6 — the conditioning of the body's balance by the position of the point of application of force;
4 — center of gravity;

5 — moment of force;

7,8, 9, 10 — average body density

Figure 5. Percentage of students who understood concept in question
(InU_2 and FinU_2) in CG and EG

50.0 The questions were related to the following concepts:
1,2 —work;
45.0 3, 4 — kinetic energy;
40.0 5, 6 — potential energy;
) 7, 8,9 — law of conservation of mechanical energy;

35.0 10 — power and efficiency coefficient
30.0
25.0
20.0
15.0
10.0

5.0

0.0-

1 2 3 4 5 6 7 8 9 10
[Jinu_2Cgroup M FinU_2Cgroup [ InU_2Egroup [ FinU_2 E group

concepts on Misconceptions 1and 2. After being taught Balance, the
CG students understood seven questions better, while the EG stu-
dents had an advantage on three questions (Figure 4). Having stu-
died Energy, EG students understood seven questions better, while
CG students excelled on three (Figure 5).
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The Mann-Whitney U test showed no significant difference between
the CG and EG on any misconception test (Table 5). To further assess
the impact of the PI, n-gain was calculated for both groups (Table 6).
The n-gain, calculated as the ratio of the actual (reached) average gain
to the maximum possible average gain (proposed by [Hake, 1998]),
was computed for both Balance (with variables InU_1and FinU_1) and
Energy (with variables InU_2 and FinU_2) topics.

Table 5. Results of Mann-Whitney U Test for U values in EG and CG at the beginning
and end of teaching both topics

Variable ;Group v ‘sd ‘v 'z P
CG 2.8 .7
InU_1 : e e st 731 50 .67 {504
‘EG 25 1.5 :
CG 3.6 7 : : ;
FinU_1 : S S i 648,50 i-1.48 : 139
- {EG 3.1 1.8
‘ca 1.3 1
InU_2 - - et T4, i .
nu_ o e 5 6.50 55 583
G 1.2 9 § :
FinU 2 : v v i 72150 i-.79 {432
{EG (1.4 1.0 : : :

Table 6. N-gain Values for CG and EG students’ understanding of concepts within
both teaching topics

Topic : Group ‘n-gain
Balance iCG £110
(Misconceptions 1) :

Energy
(Misconceptions 2)

CG showed better progress than EG in understanding concepts
from Balance, while the EG made progress in understanding Energy,
with CG regressing. According to Hake [1998], the n-gain values in
Table 6 fall in the ‘low-g’ range (< .3).

Numerous studies show that Pl increases student achievement in uni-
versity and high school settings, but few examine its impact on primary
school students. In this research, Pl was adapted for Grade 7 students
to explore its effect on achievements in the topics Balance and Ener-
gy and its role in reducing the incidence of misconceptions. Achieve-
ment and understanding were the dependent variables, while Pl ap-
plication was the independent variable. Achievement was measured
through physics tests, and understanding through tests for identifying
misconceptions, in two groups: the CG taught in the traditional man-
ner and the EG instructed with the application of PI.

Regarding RQ1, the results show that implementing Pl in Grade 7 phy-
sics lessons improved student achievement. Prior to PI, there was no si-
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gnificant difference between the EG and CG in physics achievement, ove-
rall performance, or grades (Table 1), indicating equivalent groups. After
the intervention, the EG showed higher average test scores compared
to the CG (Table 2) and improvement compared to their previous results
(Table 3), demonstrating positive impact of implementing PI. These fin-
dings align with prior studies on effectiveness of Pl in various physics to-
pics [Howe et al., 1990; Harvey, 2013; Sencar Tokgoz, 2007].

Between Test 1and Test 2, conducted before and after learning the
topic Balance, no significant difference was observed in either the EG
or CG. However, after learning the topic Energy, the EG showed signifi-
cant progress, with notably better results on Test 3 compared to Test 2.
In contrast, the CG showed no improvement (Table 3). While one might
attribute the EG’s progress to differences in topic difficulty, the lack of
progress in the CG suggests that the improvement is more likely due to
the application of Pl rather than the above differences. This supports the
conclusion that the EG’s performance improvement was largely driven by
increased proficiency with PI, highlighting the importance of practice and
familiarity with instructional methods in enhancing student achievement.

Physics achievement may vary by gender depending on the tea-
ching method. Since no significant difference was found between boys’
and girls’ test scores in either the CG or EG (Table 4), this suggests that
traditional teaching and PI are equally effective for both genders. It is
important that teaching methods work well for both genders, especial-
ly since instruction typically takes place in mixed-gender classrooms.

Concerning RQ2, certain concepts were identified where students
encountered difficulties in understanding (i.e., where a large number
of students exhibited misconceptions or failed to grasp the concept).
It has been shown that within the two topics covered in the research,
students particularly struggle with understanding conditioning body
balance based on the position of the point of application of force and
the law of conservation of mechanical energy. Previous studies also
underline the complexity of balance and energy for students’ unders-
tanding, revealing that misconceptions persist across various contexts
(e.g., [Dega, Govender, 2016; Newcomer, Steif, 2008]).

With regard to RQ3, the results show that applying Pl alone does
not eliminate misconceptions. The Concept Tests in the research were
designed to align with the concepts taught using traditional methods
in the CG, without targeting the specific misconceptions identified in
the EG. To address these particular misconceptions, Pl would need
to be specifically designed for that purpose. Had the study aimed at
directly targeting these misconceptions, the results might have been
different, potentially reducing misconceptions among students. The
study aimed to determine whether mastering Pl alone could help stu-
dents evaluate and partially overcome misconceptions without expli-
citly addressing them. There were no significant differences in mis-
conceptions between the CG and EG, both before and after applying
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PI (Table 5), with insufficient progress in both groups (Table 6). Diffi-
culties persisted in both groups likely due to the limited time for tea-
ching abstract concepts, which makes it challenging for students
to relate those concepts to real-life experiences. However, the CG
showed improvement on more questions from Misconception 1, whe-
reas the opposite was observed for Misconception 2, likely due to
the time needed to master Pl. Therefore, extended use of Pl may
help reduce misconceptions, or alternatively, adapting the material
to specifically target the identified misconceptions could lead to qui-
cker improvements. According to various studies, misconceptions are
strongly resistant to change, even when traditional teaching methods
are employed (e.g., [Tippett, 2010]). Some active strategies specifical-
ly targeting misconceptions about balance and energy and promoting
conceptual change have proven useful (e.g., [Canu et al., 2017; Koma
et al., 2021]). However, not all active learning strategies are equally ef-
fective, particularly when they are not designed to address identified
misconceptions, as demonstrated in this study.

This research has its limitations, most notably those related to the
sampling and the duration of the research. A convenient sample was
selected due to the strict organizational structure of the school, where
students are divided into classes. Additionally, teachers were required
to undergo training for the implementation of a method that is not typi-
cally used. Besides, the research included only Grade 7 students and
focused on only two teaching topics.

The following points highlight the implications for research and
practice. Future research should consider expanding the analysis of Pl
to include a broader range of teaching topics and to be applied in class-
rooms with students of various ages. Also, it is recommended that re-
search on the matter be done over the whole school year. This would
allow students to sufficiently master the use of Pl so that they would be
able to recognize misconceptions on the spot. In that case, the applica-
tion of Pl itself might spontaneously lead to the elimination of a certain
number of misconceptions. On the other hand, it would also be benefi-
cial to carry out research on adapting this teaching method in order to
eliminate the identified and established misconceptions. Accordingly,
Concept Tests could be designed to address misconceptions identified
before the research, allowing examination of how PI affects students’
understanding when the material is adapted to their specific difficulties.

This research highlights the importance of Pl in teaching, emphasi-
zing that teachers should consider it as part of their instructional prac-
tices. Teachers should have a broad range of methods available in or-
der to achieve the best results. Since Pl has been found to improve
student achievement, there is a need for developing appropriate tea-
ching materials for its implementation in primary physics education.
Providing appropriate training would also help teachers confidently in-
tegrate Pl into their classrooms.
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Concept Test — Action of force
Question 1

A cuboid is placed on top of three identical cubes, as shown in Figure 1A. Then, the two side cubes were remo-
ved, leaving one cube and the cuboid placed on top of it, as shown in Figure 1B. Let 1\71 be the normal ground
reaction force acting on the middle cube in Figure 1A, and let I\72 be the normal ground reaction force acting on
the cube in Figure 1B. Then the intensity of force N1 is compared to the intensity of force I\72:

1. less;

2. equal;

3. greater;

4. less if the cube is heavier than the cuboid;

5. greater if the cube is heavier than the cuboid;
6. cannot be estimated.

B B B e

Figure 1

Your answer before the discussion:
Your answer after the discussion:

Question 2

Figure 2 shows the connection of nine identical dynamometers — four dynamometers in the first row, three dy-
namometers in the second row and two dynamometers in the third row. If the cube, weighing 12 N, is hanging
from the dynamometers as shown in Figure 2, then:

1. the force acting on all dynamometers in the first row is twice the force acting on all dynamometers in the
third row;

2. the force acting on all dynamometers in the first row is twice less than the force acting on all dynamo-
meters in the third row;

3. the force acting on one dynamometer in the second row is 1 N greater than the force acting on one dy-
namometer in the third row;

4. the force acting on one of the dynamometers in the second row is 1N less than the force acting on one
dynamometer in the third row;

5. the same force acts on all dynamometers;

6. nothing can be inferred about the forces acting on the dynamometers.

Figure 2

Your answer before the discussion:
Your answer after the discussion:
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Question 3

Two vertical wooden sticks are positioned close to each other: one is stationary, and the other is movable. The
goal is to bring the movable stick closer to the stationary one. To achieve this, a force of at least 300 N must be
applied to the movable stick. However, Mia can only exert a maximum pushing force of 30 N directly on the mov-
able stick. An inextensible rope is wrapped around both sticks (as shown in Figure 3). This rope is designed to
slide smoothly along the surfaces of the sticks. Mia can pull the rope with a force of 30 N. What is the minimum
number of coils of the rope needed around the sticks to ensure that Mia brings the sticks closer?

1. one coil;

2. five coils;

3. seven coils;

4. ten coils;

5. nine thousand caoils;

6. one cannot estimate how many coils there are.

Figure 3

Your answer before the discussion:
Your answer after the discussion:

Shapiro-Wilk Test of Normality

Variable Group Students
Test 1 iCG iall
: i boys

; girls
‘EG il
: i boys

 girls

physics grades at the end of Grade 6 iall

%boys

i girls

‘EG il

Eboys

girls

overall school achievement at the end of Grade 6

fall

%boys

: i girls
‘EG iall
: i boys

girls
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