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Abstract This study evaluates the impact of the Peer Instruction method combined with Conceptual Questions on
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theoretical knowledge, axiological knowledge, and applied knowledge. Implemented over the 2023-2024
academic year in three 7th-grade classes, the method showed significant improvements in students’ theoretical
knowledge and applied knowledge, particularly in solving problem situations and scientific language use.
Axiological knowledge, including metacognition and attitude toward physics, improved moderately. Data
analysis, including Shapiro-Wilk and Wilcoxon Paired Samples tests, indicated substantial enhancements in
academic success and conceptual understanding. The study concludes that Peer Instruction effectively
enhances science competence, though challenges remain in evaluating the application of definitions and

measurement units. This approach promotes active learning and collaborative problem-solving, beneficial for

comprehensive science education.

1. Introduction

In physics teaching, three types of knowledge play
crucial roles: theoretical, practical, and attitude-based
knowledge. = Theoretical knowledge involves
understanding the core concepts and principles of
physics, as discussed in various scholarly works
(Calalb & Dabija, 2024; Rychen & Salganik, 2003).
Practical knowledge pertains to the application of
theoretical concepts in solving physics problems,
emphasizing the importance of utilizing information
and communication technologies to enhance the
learning process (Oliveira & Bonito, 2023). Attitude-
based knowledge focuses on instilling positive
character values in students within physics education,
such as ethics aspects, discipline, objectivity, and
collaboration, as highlighted in the context of
developing lifelong learning skills through science
education (Simon, 2015). By integrating these three
types of knowledge, physics teachers can effectively
educate students not only on the subject matter but also
on essential life skills and values.

An interactive method of teaching physics aimed
at improving students' understanding of concepts in
physics by engaging them in active learning is Peer
Instruction teaching method developed by Eric Mazur
(Crouch & Mazur, 2001). During the lesson, students

first think individually about a concept or problem,
then discuss their answers in small groups to clarify
and deepen their understanding. The method
encourages both student-student and teacher-student
interaction, where peers explain concepts to one
another, fostering in such a way collaborative learning.
In middle school, Peer Instruction is applied by
integrating these interactive discussions into
traditional lectures, allowing students to challenge
their preconceptions and develop a stronger grasp of
physics concepts. This approach has been shown to
significantly enhance conceptual understanding and
retention compared to conventional teaching methods
(Gjerde & Hagane, 2024).

The Peer Instruction method is employed because
it complements rather than replaces traditional face-to-
face teaching, incorporating elements of interactivity,
group discussions, and class-wide dialogue. This
approach allows teachers to receive real-time feedback
on students' understanding of new concepts. The
method's popularity is largely due to its simplicity.
Teachers only are responsible for identifying the set of
new terms or concepts that students need to grasp in
each lesson and guide class discussions (Milner-
Bolotin et al., 2016).
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Although the field of physics education research is
quite developed, with key competencies, lifelong
learning competencies, and research competencies
holding an important place, studies show that there is
still a gap between theory and school practice, as well
as between the requirements of the school curriculum
and the actual competency levels of students
(Debowska & Greczyto, 2017; Hernandez-Suarez et
al., 2020). These research results indicate that, from
the students' perspective, teachers possess knowledge
of their subject matter. However, there are concerns
about the extent to which teachers are actively
monitoring and improving their pedagogical practices,
particularly in areas such as curriculum
implementation, instructional =~ methods, and
assessment strategies.

It is important to note that the literature includes
studies on the methods and scales for evaluating
competencies within science education (Chang et al.,
2011) as well as on the levels of specific science
process skills (Hodosyova et al., 2015). However, a
comprehensive assessment of science competence
requires a more nuanced approach that considers not
only the procedural skills but also the underlying the
components that contribute to a well-rounded
competence of applying theoretical knowledge. These
components can be broadly categorized into
theoretical knowledge, which encompasses the
foundational principles and concepts of science;
applied knowledge, which focuses on the practical
application of these principles in real-world scenarios;
and axiological knowledge, which addresses the
ethical and value-based considerations inherent in
scientific inquiry. Evaluating all three dimensions is
essential for a holistic understanding of science
competence. Thus, in this paper we will examine how
to assess the development of the three components of
competencies: a) theoretical knowledge; b) applied
knowledge; and c) axiological knowledge.

2. Research objectives

The main objective of this research is to evaluate
the impact of applying the Peer Instruction method,
combined with Conceptual Questions, on the three
components of Science Competence: a) theoretical
knowledge, assessed through summative test results;
b) axiological knowledge, evaluated through two
components—metacognition and attitude; and c)
applied knowledge, analyzed across five sub-
components—application of definitions, measurement
units, formulas, skills for solving problem situations,
and the use of scientific language.
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2.1. Research Questions

Q:: How do Peer Instruction and Conceptual
Questions influence the components of axiological
knowledge?

0> What is the impact of Peer Instruction and
Conceptual Questions on theoretical knowledge?

Qs3:  Which  sub-components of Science
Competence are most strongly influenced by the Peer
Instruction method combined with Conceptual
Questions?

2.2. Research hypotheses

H;: Peer Instruction and Conceptual Questions
have a significant positive influence on the
components of axiological knowledge, particularly in
enhancing metacognition and shaping students'
attitudes.

H>: The use of Peer Instruction and Conceptual
Questions significantly improves students' theoretical
knowledge, as evidenced by higher performance on
summative assessments.

H;: Among the sub-components of Science
Competence, the application of definitions, skills for
solving problem situations, and the use of scientific
language are most strongly influenced by the Peer
Instruction method combined with Conceptual
Questions.

3. Methodology

The experiment took place throughout the 2023-
2024 academic year at the “Mihai Eminescu”
Theoretical High School in Ungheni municipality,
Republic of Moldova. Three 7" grade classes, with a
total of 110 students (55 boys and 55 girls),
participated. The Peer Instruction method (Crouch &
Mazur, 2001; Rivadeneira & Esteban, 2023) was
applied to all the physics lessons (except for the labs
and summative assessment lessons at the end of each
chapter) in these three classes, using two to three
Conceptual Questions (McColgan et al., 2017) as a
means of formative assessment in each lesson. The
Conceptual Questions were designed to elicit students’
understanding of the main concepts of the lesson, also
known as the Big Scientific Ideas (Harlen, 2010), and
were linked to the cognitive objectives of the lesson.
Thus, we can build a logical chain: Cognitive
Objectives — Big Scientific Ideas — Conceptual
Questions.
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Let us provide an example of Conceptual Question
for the chapter “Rotational Balance. Simple
Mechanisms” in 7" grade physics course.

Conceptual Question: If a lever has a force arm of
2 meters and a load arm of 1 meter, what happens to
the force needed to lift a load compared to the applied
force?

A. The required force is twice the applied force.
B. The required force is half the applied force.
C. The required force is equal to the applied force.

D. The required force is not dependent on the
length of the lever arm.

Correct Answer: B. The required force is half the
applied force.

Depending on how many conceptual questions we
have, we divide the lesson into as many sequences.
Each lesson sequence is structured as follows in the
Tab.1.

Table 1.
Structure of the Lesson Sequence within Peer Instruction Method

Phase Duration | Actions

The teacher introduces one of
the lesson’s main concepts.

Introduction > min

A thought-provoking question
related to the topic is posed to
the students. The conceptual
questions are items with four
to five answer options, they are
qualitative which they do not
require a  mathematical
calculation.

Conceptual | %2 - 1
Question

Individual
Thinking

Students first think about the

I min question individually and vote.

Students vote. The teacher
does not provide the correct
answer after the voting results
are displayed.

First polling | -

Students discuss their answers
in pairs, explaining their
reasoning and challenging
each other's understanding.

Peer

. . 2 min
Discussion

Students vote. The teacher
Second shows the correct answer after
polling the voting results are
displayed.
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The teacher facilitates a class-
wide discussion where
students share their group

findings and explanations. The

Clarification | 2 min

teacher clarifies any
misunderstandings and
reinforces the correct
concepts.

A follow-up question or
Re- . problem is given to assess the
4 min R .
assessment students’ understanding after
the discussion and clarification

To assess the impact of the Peer Instruction
method on the development of lifelong learning skills,
these skills were structured into three components:
theoretical knowledge, conditional knowledge, and
applied knowledge (Valleriani, 2017).

For evaluating theoretical knowledge, summative
evaluation results were utilized. The pre-test consisted
of results from the first chapter of the 7" grade physics
course, “Motion and Rest,” while the post-test used
results from the final chapter, “Rotational Balance.
Simple Mechanisms.” The evaluation tests were
developed in accordance with the “Reference for the
Evaluation of Specific Competences Trained for
Students,” approved by the Ministry of Education and
Research of the Republic of Moldova (Bucun et al.,
2014).

Conditional knowledge, which encompasses
metacognition and attitude (Avargil et al., 2018), was
assessed through pre-tests and post-tests administered
at the beginning and end of the school year. The same
questionnaire from the authors' previous research
(Calalb & Dabija, 2024) was used. In terms of
metacognition, three components were evaluated: a)
cognitive knowledge—students' understanding of the
procedures and strategies they employ in their
learning; b) cognitive regulation—monitoring and
regulating their own learning; and c) the application of
metacognitive strategies—the deliberate selection and
use of various learning procedures and strategies based
on the cognitive task. Regarding attitude, or
axiological knowledge, the assessment was structured
into three components: a) the actual attitude; b)
students' core values in their physics learning process;
and c) adherence to ethical principles in learning
physics.

4. Results

To evaluate applied knowledge, students’
responses to practical questions from the summative
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assessments were analyzed (Etkina et al., 2006;
Shtaltovna, 2021). Three representative types of
student work were selected for this analysis: works

Table 2.
Descriptive Statistics for Metacognition, Attitude and Academic Success
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from students who performed well (PLUS), at an
average level (AVERAGE), and poorly (MINUS)
(Skrabankova et al., 2020).

Metacognition Attitude Academic success

Pre-test Post-test Pre-test Post-test Pre-test Post-test

B F B F B F B F B F B F
Valid 55 55 55 55 55 55 55 55 55 55 55 55
Median 3.100 | 3.100| 3.300| 3.700| 3.300 | 3.600 | 3.600 | 3.900 | 5.000 | 6.000 7.000 | 7.000
Mean 3.182 | 3.262| 3.278| 3.615| 3.395 | 3.558 | 3.515 | 3.698 | 5291 | 5.618 7.436 | 7.455
Std. Dev. | 0474 | 0.611| 0.671| 0.681| 0.558 | 0.551 | 0.615 | 0.498 | 1.843 | 1.533 1.014 | 0.978
%ﬁilm' 0.970 0.963 0.965 0.961 0.961 0.901
P-value 0.014 0.004 0.005 0.003 0.003 <0.001
Minimum | 2.300 | 2.000| 1.900| 1.900| 2.300 | 2.700 | 2.300 [ 2.700 | 2.000 | 2.000 5.000 | 5.000
Maximum | 4.300 | 4.900| 4.400| 4.600| 4.700 | 4.700 | 4.700 | 4.700 | 10.00 | 10.00 10.00 | 10.00
Sum 175.0 | 179.4| 180.3| 198.8| 186.7 | 1957 | 193.3 | 203.4 | 291.0 | 309.0 409.0 | 410.0

From Tab. 2 it follows that after one academic year
of applying the Peer Instruction method with the use
of Conceptual Questions in every physics lesson as a
means of formative assessment we obtained: an
insignificant increase in the self-perceived level of
metacognition in boys of 3.0% and in girls a little
higher — 10.8%; an insignificant increase in the

Figure 1.

attitude towards the physical subject in boys by 3.5%
and in girls by 3.9%; a fairly significant increase in
academic success in boys by 40.5% and in girls by
32.7%. The increase in post-test results compared with
pre-test for Metacognition (MC), Attitude (A) and
Academic Success (AS) is presented in Fig. 1.

Pre-test and post-test results for metacognition, attitude and academic success
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Figure 2.
Non-Gaussian nature of the distribution curves for metacognition,
attitude and academic success (brown — pre-test,; green — post-test)
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The Shapiro-Wilk test results for the benchmark p-
value across all pre- and post-test data sets yield values
significantly lower than 0.05, indicating that the data
do not follow a normal, Gaussian distribution. This
conclusion is further supported by the distribution
curves for the level of metacognition, attitude and

academic success in the pre- and post-tests shown in
Fig. 2.

Additionally, as seen in Table 2, the mean and
median values do not coincide, further confirming the
absence of a normal distribution. Given these findings,
we will proceed with the Wilcoxon Paired Samples
Test, with the results presented in Table 3.

From Tab. 3 it follows that the positive values, far
from zero, of z already show that the null hypothesis
about the non-existence of the effect of the Peer
Instruction method with the use of Conceptual
Questions on the level of metacognition, attitude and
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academic success does not take place. Peer Instruction
has the greatest effect on academic achievement
(z=6.408), followed by metacognition (z=2.920) and
attitude (z=2.557). This is also confirmed by the
significance level of p values. Thus, there is a highly
significant difference (increase) between the results
for academic success post-test compared to pre-test
(p<0.001), and a significant difference (increase)
between post-test versus pre-test levels of
metacognition and attitude (0.001<p<0.005). Also, in
the case of pre-test and post-test data pairs for

academic success we have a large effect size in both
Table 3.
Paired Samples T-Test
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Student and Wilcoxon tests (ES(S) =0.789,
ES(W)=0.778), we see a significant influence of Peer
Instruction method on metacognition (ES(S)=0.298,
ES(W)=0.328) and a moderate influence — on attitude
(ES(S)=0.211, ES(W)=0.299). Finally, the obtained
standard error values SE ES of 0.11 or 0.12 indicate a
precise estimate of the effect size. Thus, we can state
that the confidence interval for the effect size is about
95%, we have a low variability of the data, their
statistical analysis makes sense, and the results of this
analysis are reliable, relevant and conclusive.

Pre-test Post-test Test Statistic z df p ES SE ES
Metacoanition | Metacomnition Student 3.130 0.001 0298 |0.117
ctacognitio ctacogitio Wilcoxon | 3696.0 2.920 | 109 | 0.002 0328 |0.112
. . Student 2213 0.014 0211 | 0.106
Attitude — | Attitude Wilcoxon | 3087.0 | 2.557 | 109 |0.005 0299 |0.116
Acadom | Academi Student 8276 <0.001 | 0.789 | 0.121
cademic success cademic SUCCess Myviicoxon | 3640.0 6408 | 109 | <0.001 | 0778 |0.121
To assess the impact of the Peer Instruction 5) use of correct and coherent scientific language

method on students' Science Competence, we divided
this competence into five components:1) knowledge
of definitions and ability to provide correct examples
(DEFINITION); 2) correct use of wunits of
measurement (UNITS); 3) accurate application of
calculation formulas when solving problems of
medium difficulty (FORMULA); 4) understanding

and resolving problem situations (SITUATION); and
Table 4.
Descriptive statistics for components of Science Competence

(LANGUAGE). These sub-competences can be found
in the Science Competences of the OECD: a) explains
phenomena scientifically; b) interprets critically
scientific data; c) uses scientific information for
decision making (OECD, 2023). The results of the
analysis of students' pre-test and post-test summative
evaluation papers are presented in Table 4.

DEFINITION UNITS FORMULA SITUATION LANGUAGE
Pre Post Pre Post Pre Post Pre Post Pre Post
Valid 110 110 110 110 110 110 110 110 110 110
Sum 33 40 88 90 55 58 33 70 22 60
%‘iﬁ”"' 0575 0609 |0490 |0469 |0.636 |0635 |0575 |0609 |0490 |0.633
P-value |<.001 |<.01 |<.01 |<.01 |<.00l |<.00l |<.00l |<.01 |<.001 |<.001

As shown in Table 4, the most significant impact
of applying the Peer Instruction method in our study
was on students' ability to understand and solve
problem situations (a significant increase from 33 to
70 students) and their use of correct and coherent
scientific language (a significant increase from 22 to
60 students). We also observe that, after a year of using
the Peer Instruction method, the number of students
who could apply theory to solve problems of medium
difficulty or use units of measurement correctly did
not increase. This is likely due to a saturation effect:

approximately half of the students could already solve
problems of medium difficulty independently, and
about 90% had already mastered the correct
understanding,  transformation, and use of
measurement units.

The results of the Shapiro-Wilk test in Table 4
indicate that the data does not follow a normal
distribution. One possible explanation is that we
scored all five components of scientific competence on
a 0-1 scale (where the student either possesses the
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competence or does not). Another reason could be the
increased variability in student responses—even when
assigned the same score, no two papers are identical.
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Further we proceed to calculate Cronbach's alpha
coefficient for two time points (pre-test and post-test)
for the mentioned five components of Science
Competence (see Tab. 5).

Table 5.
Reliability statistics for components of Science Competence
DEFINITION UNITS FORMULA SITUATION LANGUAGE
Cronbach's o Pre-test 0.760 0.903 0.850 0.760 0.813
Post-test 0.830 0.906 0.802 0.824 0.786
Item-rest Pre-test 0.892 0.306 0.586 0.892 0.720
correlation Post-test | 0.706 0.333 0.804 0.725 0.860

From Tab. 5 results that as the values of
Cronbach's alpha are in the range 0.7 — 0.9, all the
chosen components are coherent with each other, i.e.
they describe the same construct — Science
Competence. Moreover, in the case of the pre-test, the
values for the Definition and Situation sub-
competencies being equal to each other, this means
that these two sub-competencies are perfectly
correlated with each other: students who manage to
illustrate with their own examples the learned
definitions also manage to solve a problem situation
independently. High Cronbach's alpha values for the
sub-components UNITS, FORMULA and
LANGUAGE show that they are measured with a
higher degree of objectivity, the measurement results
being more reliable. Indeed, the correct application of
the formula or units of measurement does not give the
student as many correct options as the interpretation of
a definition. Also, the increase of alpha to three
parameters out of five shows that the Peer Instruction
method not only increased Science Competence but
also increased the internal consistency between sub-
competencies. This fact may suggest that the Peer
Instruction method contributed to greater clarity or
coherence in students' Science Competence.

To evaluate how effectively the questions (items)
in the summative assessment tests highlight the sub-
components of Science Competence, we conducted an
item-rest correlation analysis. On one hand, the low
correlation results of 0.306 in the pre-test and 0.333 in
the post-test for the ability to apply and convert units
of measurement (UNITS) suggest that the current
method may not effectively assess students'
knowledge, understanding, and application of
measurement units. Consequently, further research
should focus on improving this aspect of competence,
as a strong grasp of units of measurement is crucial for
students' conceptual understanding of physics.

On the other hand, the fact that the majority of
students (approximately 90 out of 110) correctly
answered the items related to the knowledge and
application of measurement units indicates low
variability in the data for this sub-competence. In other
words, the current form of this component of Science
Competence does not provide a meaningful
contribution to the overall assessment. To increase its
relevance, the items related to units of measurement
should be made less accessible in the summative tests
by increasing their level of difficulty.

5. Discussion of results and conclusions

Impact on Axiological Knowledge: The results
suggest that the Peer Instruction method applied during
one academic year in 7% grade physics course
positively influenced students’ axiological knowledge.
This is evidenced by the increase in self-perceived
metacognition levels in boys 3% and girls 10%. The
level of attitude toward physics increased in boys 3.5%
and girls 3.9%. Thus, the hypothesis H; is confirmed
partially — no significant increase was obtained.

Impact on Theoretical Knowledge: The Peer
Instruction method led to a substantial improvement in
students’ theoretical knowledge, as demonstrated by
the significant increase in academic success for both
boys 40% and girls 32.7%. The rise in post-test results
indicates that this method effectively enhances
students’ understanding of physics concepts. Thus, the
hypothesis H> is confirmed completely.

Analysis of Applied Knowledge: The method
showed a significant impact on students’ applied
knowledge, particularly in their ability to solve
problem situations (practically doubled the number of
students who can solve problem situations) and use
coherently scientific language (increased three times).
The number of students demonstrating proficiency in
these areas increased notably (about half of student
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sample), reflecting the effectiveness of Peer
Instruction in developing practical science skills.

Sub-components of Science Competence: Among
the five sub-components of Science Competence, the
most significant improvements were observed in
students' abilities to solve problem situations and use
correct scientific language. This suggests that Peer
Instruction is particularly effective in enhancing these
specific skills.

Limitations in Knowledge of Definitions and
Units: Despite the overall success, the method showed
limited impact on students' ability to apply definitions
and measurement units. This could be due to a
saturation effect, where a significant portion of
students had already mastered these skills, leaving
little room for noticeable improvement. Thus, the
hypothesis H3 is confirmed partially.

Non-Normal Distribution of Data: The analysis
revealed that the data did not follow a normal
distribution, as indicated by the Shapiro-Wilk test
results. This non-Gaussian distribution suggests
variability in students’ responses, which could be
attributed to differences in individual learning styles or
the binary scoring method used.

Internal Consistency of Science Competence
Components: High Cronbach’s alpha values indicate
relatively high internal consistency among the sub-
components of Science Competence. Also increased
values for item-test correlation speak about the
reliability of the used model with five sub-components
of Science Competence: DEFINITION, UNITS,
FORMULA, SITUATION and LANGUAGE This
suggests that the Peer Instruction method not only
enhanced overall competence but also fostered greater
coherence and clarity in students’ understanding.

Reliability of Measurement: The high reliability
scores for the sub-components related to application of
formulas, work with units, and use of scientific
language indicate that these aspects of science
competence are measured with greater objectivity.
However, the low item-rest correlation for UNITS
highlights a potential weakness in the assessment of
this sub-component. For future assessments, only
items that clearly differentiate between students and
show us different levels of proficiency should be used.
Thus, increasing the difficulty level of related items
could provide a more accurate measure of students’
competence in this area.

Overall Effectiveness of Peer Instruction: The
study confirms that the Peer Instruction method, when
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students analyze and discuss Conceptual Questions, is
a highly effective approach for improving various
aspects of Science Competence, particularly in:
fostering theoretical knowledge, enhancing the use of
scientific language, and strengthening the skills for
solving problem situations.
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