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Abstract. This PhD project focuses on the development and empirical testing of teaching-learning materials 

for lower secondary school, targeting key concepts in two-dimensional mechanics. Materials were designed in 

analogue and digital form, including worksheets, experimental instructions and interactive GeoGebra books. They 

were developed according to the recently reformed Austrian physics curriculum, which shifted mechanics 

instruction to grade 7 (age 13). The iterative design process involved piloting and revision cycles, ensuring the 

materials are both practically applicable and empirically grounded. To evaluate students' conceptual 

understanding, a new curriculum-aligned test instrument was developed and psychometrically validated, with a 

person reliability of 0.68.  
 

Introduction 

In 2023, the physics curriculum in Austria underwent a comprehensive reform [1]. 

Mechanics instruction was shifted to grade 7 (age 13) and reoriented toward two-dimensional 

motion, in line with findings from prior research [2]. The new curriculum also emphasized the 

integration of digitalization in schools [1]. These changes necessitated both the development 

of a suitable assessment instrument and new teaching-learning materials. 

To evaluate students' conceptual understanding of mechanics, a test instrument aligned with 

the revised curriculum and students' cognitive abilities was required. Although several 

established inventories exist, such as the Force Concept Inventory (FCI) [3] or the Mechanics 

Baseline Test (MBT) [4], none were found to be fully suitable for the specific aims and context 

of this study. Consequently, a new test instrument was developed prior to the design of the 

teaching materials. 

The teaching-learning materials were produced in both analogue and digital form, with the 

digital versions realized as interactive GeoGebra [6] books. The development followed design 

research principles [5], incorporating repeated cycles of design, piloting in schools, and 

revision based on classroom feedback. Each unit was accompanied by a teacher guide to 

support classroom implementation. 

 

Theoretical framework 

Both, the development of the test instrument and the designing of the teaching materials, 

was based on the design-based research framework [5]. This entails several iterative circles of 

development, implementation, evaluation and revision. The approach is fairly common in 

educational research as it allows for a close connection between academic theory and 

pedagogical practice. 

The digital materials were created with GeoGebra [6]. This free software allows for 

programming simulations as well as interactive tasks. Teachers can plan activities, pool them 

in so called “GeoGebra-books” and share them with their class. They are able to observe 

individual students progress in real time and give feedback accordingly. 

 

Methods and Findings 

In a first step, items assessing conceptual understanding of movement, speed, velocity, and 

forces were newly developed or derived from existing instruments, followed by revision cycles 

and a comprehensibility check with 3 students. After an administration to 160 students and an 

analysis with WINSTEPS [7] revealed non-satisfactory person reliability and misfitting items, 

the instrument was revised and re-administered to 190 students. The final instrument comprises 

23 items with a person reliability of 0.68 and an item reliability of 0.98.  

 

 

 

 



Parallel to the test development, analogue and digital teaching materials were (re-)designed. 

They were revised within the research group several times, before being piloted in schools in 

Upper Austria. The lessons were observed and documented. Tasks and written students´ 

reflections were evaluated. Additionally, teachers and selected students were interviewed. 

Based on this data, the materials were revised and a hybrid group, using a combination of digital 

and analogue materials, was added for the main study. 

To evaluate the teaching-learning materials, a pre-post design was employed. The pre-test 

consisted of 10 selected items from the newly developed mechanics instrument, one scale from 

the ICILS test [8] assessing digital media use in school tasks, three scales from the TIMSS test 

[9] measuring enjoyment of the subject, media use, and subject-specific self-efficacy, as well 

as one subscale of the cognitive ability test (KFT) [10] to ensure group comparability. Teachers 

then implemented the new teaching sequence in one of three conditions: analogue, digital, or 

hybrid. The post-test included all 23 mechanics items alongside the same TIMSS and ICILS 

scales administered at pre-test. Additionally, teachers were interviewed to gather qualitative 

insights into the implementation process. 

 

Conclusion 

While the main study is not yet concluded, teacher interviews suggest an overall satisfaction 

with the materials, with teachers indicating their intention to use them again in future classes. 

However, some stated that they would also like to incorporate the school book or mix the digital 

and analogue version. Positively highlighted was the clear structure and the digital option of 

observing students solving tasks in real time. Areas of improvement were seen in the formatting 

(e.g. copy templates of worksheets) and the fact that students can “rush” trough the digital tasks 

since all of them are made available for them at once. Based on those responses the materials 

will be revised another time. Additionally, the pre-/post-test results will be further analyzed. 
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1. “Work-in-Progress” Information 

 

Keywords 

 

Test development; teaching materials; analogue & digital; mechanics; lower secondary 

level; design-based research 

 

Current stage of the work and next steps 

 

Completed:  

• Test instrument 

• Teaching materials → adaptable 

 

Next steps: 

• Data analysis 

 

Questions for Discussion 

 

I was not able to control for the variable of the teacher, as I could only conduct the study with 

approx. 15 available and volunteering teachers that had a varying level of experience, different 

school types and worked in different parts of Austria. Also, different teachers decided to teach in 

different conditions (analogue, digital, hybrid). How can I, in my analysis, account for the 

variety in my data due to different teachers?  

 

Which journals would be suitable for publishing work on design research, particularly 

focusing on teaching material development and pilot study? 

 

As the curriculum reform was already in place at the time of data collection, a comparison 

with traditional instruction is not possible, as I could not collect data after standard instruction. 

Given the available data — including KFT, ICILS, TIMSS scales, and conceptual understanding 

of mechanics — which comparisons between the analogue, digital, and hybrid conditions would 

be most meaningful to explore? 

 



 
 

 

 

 

 

 

To the 

Organizing Committee 

GIREP Sommer School 2026 

for PhD students in Physics Education Research 

in Rethymno, Crete, Greece 

Univ. Prof. Dr. Lana 

Ivanjek 

Head of 

department/physics 

didactics 

 
P +43 732 2468 6887 

lana.ivanjek@jku.at 

 
 
 

 
 

Linz, February 26, 2026 
 

Status Confirmation: 
 

 
“My PhD students Kerstin Lindmaier and Petra Plavšić have passed 

the dissertation proposal stage but have not defended their dissertation 

yet. I approve of her application and will make every effort to attend the 

GIREP 2026 Summer School, as well. 

 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

JOHANNES KEPLER 

UNIVERSITY LINZ 

Altenberger Straße 69 

4040 Linz, Austria 

jku.at 

DVR 0093696 

Best regards, 

Lana Ivanjek 

mailto:lana.ivanjek@jku.at

