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Abstract. Mixed reality (MR) is playing an increasingly important role in teaching and learning
natural sciences, as it can support learners especially during experimentation. We investigate the
support with MR in experimental problem solving and use the probands' gaze data for a more
detailed analysis. It is shown that experimental problem-solving success increases with the
support of MR, especially for novices, and that this is accompanied by a significant shift of visual
attention. Furthermore, it can be shown that novices can be supported with MR in such a way
that they proceed more like experts during experimental problem solving.

1 Introduction

In recent years, mixed reality (MR) has become increasingly popular in science education
[1, 2], as it opens up new opportunities that would otherwise not be possible. In physics
education, MR can support experimentation by simultaneously displaying additional
information related to the experiment and actual measurement data. The most comprehensive
possibilities are offered by MR Head-Mounted Displays (HMDs) as they can not only
superimpose virtual elements, but rather integrate them into real space. Another advantage of
HMD is to be hands-free during experimentation as compared to tablet-based augmented
reality. Recent studies have shown that the use of MR has a positive impact on conceptual
knowledge as well procedural tasks [3-6].

Current HMDs are equipped with eye-tracking technology, providing built-in possibilities
to evaluate MR applications based on visual attention and gaze patterns. Eye-tracking based
evaluations are often used for usability evaluation studies in the context of human-computer
interaction, but also in physics education in relation to problem solving or the use of multiple
representations in reasoning [7-9].

The approach to experimental problem solving often differs completely between novices and
experts. This is partly due to prior procedural knowledge in scientific work, but to a large
amount it is also due to prior subject specific knowledge and the use of visual and mental
representations [10]. Experts generally take their time in the beginning to form representations,
while novices tend to rush through this phase and usually use more naive representations. MR
can assist with experiment-specific representations to enhance prior knowledge and provide
novices with similar opportunities as experts for subsequent problem solving.



Fig. 1 (a) Experimental setup and (b) MR learning environment

2 Experiment and Evaluation

For our study, we have chosen an electrical circuit with a certain complexity, so that neither
experts nor novices will know how to solve the problem right away (s. Fig 1a). Participants are
asked to first understand the circuit and then to maximize the time between the lighting of two
lamps with additional cicuit modules. Based on the approaches of experts and novices,
particularly their eye-tracking data, an MR application was created to best support the novices
in problem solving on the experiment. In the MR learning environment (MRLE),
representations such as the electron flow and the capacitor charge are visualized (s. Fig 1b). In
the second part of our study, the experiment was performed by additional participants with the
support of this MRLE.

For the study the participants were divided into two groups, one with high prior knowledge
and one with low prior knowledge, on the basis of a subject-specific questionnaire.
Subsequently, eye-tracking data was recorded during the experimental problem-solving process
and additionally, self-reported cognitive load was collected questionnaire-based. Finally, semi-
structured interviews were conducted. In addition, problem solving success was analyzed based
on the experimental outcome.

The analysis shows that both novices and experts achieved a higher problem-solving success
in the MRLE than the subjects without using MR. The visual attention of experts and noivces
both with and without MR were analyzed and compared quantitatively to each other for selected
areas of interest. It is shown that the improvement in problem-solving success using the MRLE
is accompanied by a significant shift in visual attention for novices.

3 Conclusion and Outlook

The MRLE has resulted in novices applying expert-like strategies in problem solving based
on their gaze data. Therefore, we propose to use MRLE supportively in experimental problem
solving to direct visual attention in ways that enable novices to be more successful.
Furthermore, eye-tracking data should be analyzed to gain insights into the effects of design
considerations and visualisations, and to incorporate the results into the further development of
MRLE.
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