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Starting point of the project

Misconceptions regarding basic electrical concepts are 

prevalent and have been found…

after the introductory lessons regarding simple circuits. 

(Burde, 2018; Ivanjek et al., 2021)

after finishing early secondary school. (Müller et al., 2015)

among first-semester students of physics. (Fromme, 2018)

Cognitive Theory of Multimedia Learning (Mayer, 2014)

Approach: Reducing the cognitive challenge using…

Spatial and Temporal Contiguity Principle (Mayer et al., 2014)

Segmenting Principle and Coherence Principle (Mayer et al., 2010)
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Theoretical Background

Assumption: The complexity of the content presented is 

high and cognitively challenges students (too much). 

(Burde et al., 2020)

Two thematic blocks in learning about electricity could benefit:

Learning about and with models (Burde et al., 2020)

Data acquisition (Kapp et al., 2021)
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Research Interest and Design
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Research Interest

1. What impact does digital support for model presentation have on learning (in 

terms of Conceptual Knowledge Gain and Time on Task) and cognitive load?

2. What impact does digital support for data acquisition have on learning (in 

terms of Conceptual Knowledge Gain and Time on Task) and cognitive load?

Gathered Data and used Test Instruments

Conceptual Knowledge Test (Ivanjek et al., 2021), Time on Task, Cognitive Load 

Scale (Klepsch et al., 2017)

Level of academic achievement (in form of school grades), Affinity for 

technology (Karrer et al., 2009), Spatial Visualization Ability (Heller et al., 2000)

Measuring
via 

multimeters

Measuring
via AR

Visualizations
via 

infographics
IG & MM

Visualizations
via simulation

SIM & MM

Visualizations
via AR

AR & MM AR & AR
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Differences between the groups
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Infographics

Simulation

AR-application



Context of the intervention

Used in a student laboratory situated at University of Würzburg

Survey period: December 2022 – July 2023

Participants: 8 classes from secondary schools (in total 196 students), 

after completion of the introductory lessons on simple circuits

About the student laboratory

Four lessons: “Electric Current and Voltage”, “Electric Resistance”, 

“Parallel Circuits” and “Serial Circuits”
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Context data on the intervention
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Examining the full sample

A paired samples t-test showed a significant difference between 

Pre- (M = -.307, SD = 1.146) and Post-Test-Scores (M = .100,

SD = 1.088); t(167) = -6.336, p < .001.
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Preliminary Results regarding Conceptual Knowledge

***
Preparing the Conceptual Knowledge Data

Test developed for IRT (Item Response Theory (Bond et al., 2021) ) 

Analysis

Result: ability score for every participant for the Pre- and Post-

Test (Range: -4.4 to 3.57)

Learning about electricity with multimedia technology
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Preliminary Results regarding Differences caused by model presentation

Examining the model presentation

analysed using an ANCOVA (Post-Test-

Score as dependant variable, group as 

fixed variable, with Pre-Test-Score and 

level of academic achievement as 

covariates)

With a p-value of .057, the ANCOVA 

revealed no significant effect of model 

presentation on Post-Test-Scores after 

controlling for the effect of the 

covariates, F(2,108) = 2.939, p = .057, 

partial η² = .052.
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Preliminary Results regarding Differences caused by data acquisition

Examining the data acquisition

analysed using an ANCOVA (Post-Test-

Score as dependant variable, group as 

fixed variable, with Pre-Test-Score and 

level of academic achievement as 

covariates)

With a p-value of .727, the ANCOVA 

revealed no significant effect of data 

acquisition on Post-Test-Scores after 

controlling for the effect of the 

covariates, F(1,84) = 0.123, p = .727, 

partial η² = .001.
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Preliminary Results regarding Time on Task and Post-Test-Scores

Examining the full sample

analysed using multiple linear regression

The regression was statistically significant 

(R² = 0.55, F(3, 156) = 63.46, p < .001).

Level of academic achievement (β = -.176, 

p = .002) and the Pre-Test-Score (β = .668, 

p < .001) significantly predict Post-Test-

Score.

Time on Task does not significantly predict 

Post-Test-Score (β = .043, p = .424).
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Preliminary Results regarding differences caused by model presentation

*

Examining the model presentation

analysed using an ANOVA 

There was a significant effect of model 

presentation on Overall Time on Task, 

F(2,125) = 3.344, p = .038,

partial η² = .051.

Post-Hoc-Tests revealed a significant 

increase in Mean Time on Task caused by 

using the AR-application as compared to 

using infographics, p = .033.
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Preliminary Results regarding differences caused by data acquisition

***

Examining the data acquisition

analysed using an ANOVA 

There was a significant effect of data 

acquisition on Overall Time on Task, 

F(1,101) = 44.261, p < .001,

partial η² = .305.

Learning about electricity with multimedia technology



*******
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Summary
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Summary of preliminary results

Significant Increase in Conceptual Knowledge 

caused by the intervention

No interaction between Conceptual 

Knowledge Development and Time on Task

Significant Increase in Time on Task when 

using AR for model presentation

Significant Decrease in Time on Task when 

using AR for data acquisition

Thank you for your attention!

More Information about the 

student lab and the app at:

https://go.uniwue.de/puma-s
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