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MODALITY PRINCIPLE IN IMMERSIVE VIRTUAL REALITY: AN EYE-
TRACKING STUDY

ABSTRACT

According to the modality principle of the Cognitive Theory of Multimedia Learning, learning
is facilitated when visual content is accompanied by vocal narration compared to text
explanation. However, the application of this principle in immersive virtual reality (IVR)
remains unclear. In the present experiment involving 101 secondary school students, was
compared the application of the modality principle in IVR and on desktop. Measurements of
learning outcomes, eye movements behaviour, presence and cognitive load were carried out
during a lesson about forest, in IVR or on desktop, with vocal narration or with text, involving
four experimental groups. A modality effect was found for the desktop but not for the IVR
condition, suggesting a reversed modality effect. The desktop condition was associated with
less visual distraction, while the IVR condition led to higher presence. This study showed that
the content of lessons in IVR should be adapted to avoid distractions.
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EXTENDED SUMMARY

Theoretical background and aim

Immersive virtual reality (IVR) places learners in a 3 dimensional learning materiel, making
them see and hear what could not be perceived in reality. However, learning in IVR is not
always superior to conventional multimedia format, resulting in overall small effect sizes
(Coban et al., 2022). Several factors may account for these differences in learning outcomes,
such as the quantity of visual stimuli, the task control level, or the immersion degree
(Makransky et al., 2019). In order to improve the efficiency of immersive virtual reality
learning, recent researches suggest applying principles of multimedia learning (Albus et al.,
2021, 2023; Makransky, 2021). These principles advocate for adapting lesson formats to align
with the human cognitive system's limitations. Among these principles, the modality principle
proposes that learning is enhanced when audio accompanies visual content compared to text
(Mayer & Fiorella, 2021). Recent studies suggest a modality principle inversion effect in
immersive virtual reality (Albus et al., 2023; Liberman & Dubovi, 2023). The substantial visual
information load in immersive virtual reality may prioritize visual processing over auditory
processing, as suggested by the Colavita effect (Sinnett et al., 2007). However, these previous
studies did not compare a desktop setting with an IVR setting. In the present research, we
conducted an experimental study to rigorously compare the modality effect in IVR and in
desktop-based media to examine its impact on learning and eye movement. We aimed to
investigate whether the modality effect was reversed in IVR and if this reversal could be
attributed to a higher visual load in IVR.

Method

A sample of 101 7th-grade students participated in the study (M age = 12 years old; SD = 0.06).
Two between-subject factors were tested in this study: the media on which a lesson was
presented (IVR or desktop) and the modality through which the verbal information was
delivered (audio narration or written text). The experimental design involved four groups of



Earli SIG 6 & 7 Conference Tiibingen 2024

participants, corresponding to four experimental conditions: IVR media with audio, IVR media
with text, desktop with audio, and desktop with text.

The material has been designed to provide as similar level of control and interactivity as
possible between medias and words modalities. The learning material described the competition
for light between beech and oak trees in a realistic and rich forest environment (see Figure 1).
A virtual forest was depicted with the two target trees, an oak and a beech, positioned amidst
the surrounding forest. Learners had the ability to move and to rotate their vision 360 degrees
to observe the evolution of the trees. In the IVR conditions, movements (front-rear and right-
left) were made naturally by walking or turning the head, while in the desktop condition, the
same movements were controlled with the mouse. Additionally, auditory commentary
accompanied the virtual environment in the auditory condition, whereas text was displayed
similarly to subtitles in the text condition.

A first gathered measure concerned learning outcomes (MCQ on factual, conceptual and
transfer knowledge). A second type of measure focused on eye-movements, especially the ratio
of visual fixation time and number on relevant information (e.g., target trees and verbal
information) compared to irrelevant information (e.g., background, surroundings, other forest
areas). Thirdly, two questionnaires were completed, measuring presence (inspired by
Makransky et al., 2017) and cognitive load (inspired by Klepsch et al., 2017).

Figure 1
Screenshot of the learning material, A) represents the target trees, B) describes the situation,
C) represents the written text in the text condition.

A L'OMBRE
5 ans

B

Le hétre continuera de grandir en prenant de la hauteur.
Il aura une structure élancée avec un tronc long
et fin lui permettant d’aller chercher la lumiére.

Results

The media had an marginal effect on learning outcomes F(1,101) =3.59; p =0.061; n?p = 0.034.
The desktop groups performed better on MCQ questionnaire (M = 6.92; SD = 2.33) than the
IVR groups (M = 5.85; SD = 2.26). The media and modality factors interacted on MCQ
performance scores F(1,101) =7.15 p = 0.039; ’p = 0.041. The modality principle was found
on desktop, with better learning in the audio condition than in the written text condition #101)
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=2.82; p=.029; d=0.78, but was not found in IVR (p <.05). Regarding the scores of presence,
participants in the headset conditions rated higher than those in the desktop condition F(1,101)
=28.85 p <.001; n’p = 0.208. An interaction between media and modality was observed on the
germane cognitive load F(1,101)=7.52 p = 0.007; °p = 0.069. In IVR written text conditions,
germane load was higher than in the audio condition. In the desktop condition, desktop germane
load was higher in the written text condition than in the audio condition. Regarding eye-
tracking measures, results revealed that learners in the desktop condition did less numerus gazes
at irrelevant areas compared to learners in the IVR condition F(1,102) = 72.85 p <.001; n’p =
0.417. More detailed results on eye movements measures will be presented at the conference.

Theoretical and educational implications

Overall, our results indicate that the modality effect is expressed differently for IVR and for
desktop environments. This is coherent with previous findings (Liberman & Dubovi, 2023). On
desktop, the modality principle effect was found with improved learning outcomes in the
auditory condition compared to with the written text condition. In IVR, no differences were
found in learning outcomes between auditory and written-text conditions. The higher
interactivity and amount of visual information could have increased distraction, which is also
supported by the eye-tracking measures. Although IVR can have positive effect on learning
(Coban et al., 2022), the design of the virtual environment and lesson should be adapted to lead
to less distraction and then better learning. The results on germane cognitive load showed that
the written text was related to improved motivation on the IVR condition suggesting that it
should be favoured over auditory comments. To reduce distraction and improve learning in
IVR, other multimedia principles, such as signalling, could be applied. The use of annotations
to guide attention to relevant areas can enhance learning in IVR (Albus et al., 2021) as well as
visual signalling (Porte et al., in Press).

References

Albus, P., Andrea, V., & Seufert, T. (2023). The modality effect reverses in a virtual reality
learning environment and influences cognitive load. Instructional Science.
https://doi.org/10.1007/s11251-022-09611-7

Albus, P., Vogt, A., & Seufert, T. (2021). Signaling in virtual reality influences learning outcome
and cognitive load. Computers & FEducation, 166, 104154.
https://doi.org/10.1016/j.compedu.2021.104154

Coban, M., Bolat, Y. I., & Goksu, I. (2022). The potential of immersive virtual reality to enhance
learning: A meta-analysis. Educational Research  Review, 36, 100452.
https://doi.org/10.1016/j.edurev.2022.100452

Friedman, A., Kohler, B., Gunalp, P., Boone, A. P., & Hegarty, M. (2020). A computerized
spatial ~ orientation test. Behavior Research  Methods, 52(2), 799-812.
https://doi.org/10.3758/s13428-019-01277-3

Klepsch, M., Schmitz, F., & Seufert, T. (2017). Development and Validation of Two Instruments
Measuring Intrinsic, Extraneous, and Germane Cognitive Load. Frontiers in
Psychology, 8, 1997. https://doi.org/10.3389/fpsyg.2017.01997

Liberman, L., & Dubovi, I. (2023). The effect of the modality principle to support learning with
virtual reality : An eye-tracking and electrodermal activity study. Journal of Computer
Assisted Learning, 39(2), 547-557. https://doi.org/10.1111/jcal. 12763

Makransky, G. (2021). The Immersion Principle in Multimedia Learning. In The Cambridge
Handbook of Multimedia Learning (3° éd.). Cambridge University Press.

Makransky, G., Lilleholt, L., & Aaby, A. (2017). Development and validation of the Multimodal
Presence Scale for virtual reality environments : A confirmatory factor analysis and item



Earli SIG 6 & 7 Conference Tiibingen 2024

response theory approach. Computers in Human Behavior, 72, 276-285.
https://doi.org/10.1016/j.chb.2017.02.066

Makransky, G., Terkildsen, T. S., & Mayer, R. E. (2019). Adding immersive virtual reality to a
science lab simulation causes more presence but less learning. Learning and Instruction,
60, 225-236. https://doi.org/10.1016/j.learninstruc.2017.12.007

Mayer, R. E., & Fiorella, L. (Eds.). (2021). The Cambridge Handbook of Multimedia Learning
(3° éd.). Cambridge University Press. https://doi.org/10.1017/9781108894333

Picard, A., Seigneuric, A., de Guibert, M., Megherbi, H., & Potier, D. (2008). La MTVE : Une
épreuve de mémoire de travail verbale chez I’enfant adaptée du Listening Span Task de
Siegel et Ryan (1989). L’ Année psychologique, 108(2), 273-308.

Sinnett, S., Spence, C., & Soto-Faraco, S. (2007). Visual dominance and attention : The Colavita
effect revisited. Perception & Psychophysics, 69(5), 673-686.
https://doi.org/10.3758/BF03193770



