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Abstract.

To investigate secondary school students’ understanding of the energy conservation law within the
Croatian educational system, we developed a pre- and posttest by adapting and combining items
from existing instruments. The tests were administered to students from several Zagreb secondary
schools prior to and following the instruction on the unit Energy. The data was analyzed using the
Rasch model. The analysis results show that both tests functioned well on the respective samples
(pre and post populations). The frequency analysis of the distractors was used to identify common
student difficulties, which will be addressed in the presentation.

Introduction

Energy is a central concept in physics with its broad application both in physics, but also in
everyday life. However, it poses both theoretical and practical challenges even for science
educators [1]. These challenges are particularly emphasized in educational contexts that rely
heavily on traditional, lecture-based teaching methods, where student engagement and the use of
visual representations is limited. To find student difficulties, an assessment is needed as a critical
component of educational research. There are several already existing diagnostic instruments
aimed at the assessment of student's conceptual understanding of energy (and its conservation)
that are suited for application at various educational levels and contexts [2-4]. Some of the already
identified student difficulties with energy include students having a conceptual bias toward
mechanical interpretations ( tending to associate energy only with motion and failing to account
for less apparent forms such as internal or thermal energy); equating energy dissipation with
energy loss or destruction; failing to recognize the importance of a system choice before doing an
energy analysis and including both the work term for an interaction and the change in potential
energy term for the same interaction, which is known as “double-counting” [5, 6].

Methodology

To assess secondary school students' understanding of energy within the Croatian
educational system, we developed a pre- and posttest by adapting items from existing inventories
[2-4] and adding several of our own items. Although it is often the practice in PER to use the same
test for pre- and posttesting, the test in such application is usually not well suited for either the
pre- or the postpopulation [7], so we decided to construct two tests and link them through several
common items. The pretest consists of 24 multiple-choice items, whereas the posttest consists of
21 multiple-choice items with 10 common items shared between both tests to enable linking of
the tests in Rasch analysis. Additionally, the posttest included two open-ended numerical
problems to evaluate students’ procedural knowledge, which were evaluated separately. Most of
the questions are adapted items from the ASPECt Item Bank, some of the questions are from the
Work and Mechanical Energy Test as well as from two sources of the same name, Energy Concept
Assessment, but of different authors [2-4]. The pre- and post-test were administered to over 350
students from various secondary schools in Zagreb. Students anonymously completed the test
within one school period (45 minutes). The data was analyzed using two approaches:



1) Dichotomous Rasch model was used to check the items functionality and test
characteristics, such as unidimensionality, width and targeting of item difficulties to student
abilities. simultaneously highlighting the typical errors and areas of misunderstanding through
frequencies of distractor use.

2) Student open-ended explanations were used for qualitative analysis of student difficulties.

Results

The results of the Rasch analysis confirmed that both tests are reliable instruments for
assessing the targeted concepts with high item reliability of 0.94 and acceptable person reliability
of 0.71 for pretest and high item reliability of 0.94 and acceptable person reliability of 0.76 for
posttest. Both tests cover a range of question difficulties, allowing measurement of different
student abilities, and show good targeting to specific populations. On the other hand, the analysis
revealed energy understanding difficulties e.g. misapplication of work-energy theorem, choosing
the wrong system or thinking that energy can be lost.

Conclusions

The adaptation and implementation of the energy pre- and post-test proved useful in
evaluating secondary school students’ understanding of energy and its conservation. The results
are consistent with the previous findings on common student difficulties and the need for
instructional improvements to enhance students’ comprehension and application of the energy
conservation law. These results were used for development of new teaching materials and
resources to address these challenges and improve instruction on energy in Croatian secondary
schools.
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2. “Work-in-Progress” Information

Keywords
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Current stage of the work
Analysing pretest and posttest results for new sequence evaluation.

Questions for Discussion
What are other possibilities for analysing the effectiveness of the new teaching
sequence besides using Rasch measures from pre- and posttest results and calculating
Cohen’s d?

How to account for different teachers teaching the control and experimental group?
We could control the school but were not always able to control the teacher variable
due to the availability of a certain teacher.



JXU

To the

Organizing Committee

GIREP Sommer School 2026

for PhD students in Physics Education Research
in Rethymno, Crete, Greece

Linz, February 26, 2026

Status Confirmation:

“‘My PhD students Kerstin Lindmaier and Petra Plavsi¢ have passed
the dissertation proposal stage but have not defended their dissertation
yet. | approve of her application and will make every effort to attend the
GIREP 2026 Summer School, as well.

Best regards,

Lana lvanjek

JOHANNES KEPLER
UNIVERSITY LINZ

Univ. Prof. Dr. Lana
Ivanjek

Head of
department/physics
didactics

P +43 732 2468 6887
lana.ivanjek@jku.at

JOHANNES KEPLER
UNIVERSITY LINZ
Altenberger Stralle 69
4040 Linz, Austria

jku.at

DVR 0093696



