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“What are functions and how do they work? You'll find out
by watching this explainer video* - A mixed-methods study on
opportunities to understand the function concept

An important part of teaching and learning processes is the use of online
explainer videos (e.g. via YouTube) with their learning opportunities
(FORSA, 2020). In particular, explainer videos dealing with mathematical
content are the most popular among the different school subjects: more than
one fifth of students watch explainer videos on mathematics at least once a
week (Wolf & Kulgemeyer, 2021). Although complex concepts can be un-
derstood by watching explainer videos (Korntreff & Prediger, 2021), there
is a preponderance of studies that point to negative effects in terms of under-
standing with explainer videos: Explainer videos contain partially incorrect
or didactically deficient explanations, which can deepen misconceptions and
lead to an illusion of understanding (Kulgemeyer et al., 2022). In an illusion
of understanding, learners assume that they have understood a topic (belief
of understanding) even though they have not understood factually (objective
understanding) (Kulgemeyer et al., 2022).

In this research context, we conducted a mixed methods study to investigate
which specific descriptive features of explainer videos on the concept of
function predict belief of and objective understanding. We address the fol-
lowing research questions (RQs):

RQI: To what extent can opportunities to understand the concept of func-
tions be reconstructed from online explainer videos?

RQ2: To what extent does the occurrence of opportunities to understand the
concept of functions in explainer videos influence the conceptual under-
standing of functions?

RQ3: To what extent does an illusion of understanding arise when using ex-
plainer videos to learn the concept of functions?

Theoretical framework

Explainer videos are audiovisual media that are used in a variety of ways to
explain sections of topics informally and instructionally (Korntreff & Predi-
ger, 2021; Kulgemeyer et al., 2022; Mayer & Fiorella, 2022). Within subject
matter education, explainer videos are classified on the basis of instructional
explanations (Klinger & Walter, 2022). According to Korntreff and Prediger
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(2021), explainer videos are instructional explanations in the form of pro-
duced audiovisual media.

Following a cognitive constructivist approach, explainer videos (or their in-
structional explanations) can be understood as learning opportunities within
teaching and learning processes (Ohrndorf, 2021). Teaching and learning
processes are described and analyzed using opportunity-to-learn models
(Seidel, 2014). By integrating explainer videos into opportunity-to-learn
models, we are able to analytically separate explainer videos as learning op-
portunities, the use of those learning opportunities, and the learning out-
comes of their use. Explainer videos offer a rich set of learning opportunities
in the form of representation of functions through multimedia (Mayer & Fio-
rella, 2022).

To examine opportunities to understand the function concept, Zindel’s
(2019) three-level understanding model of the function concept can be used.
The model's first level is divided into three aspects: the function concept
(correspondence, covariance, and mathematical object) (Vollrath, 1989) and
mathematical properties of functions, such as right-uniqueness and left-to-
tality. The second level is divided into external representations of functions,
such as verbal, symbolical, numeric, and graphic (Swan, 1985). The third
level consists of several interconnected comprehension elements, which are
facets of the core of the function concept (Zindel, 2018). The facets of the
core of the function concept are essential for all representations of functions
and all types of functions (Zindel, 2018, 2019).
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Figure 1: Third level of the understanding model of the function concept (Zindel, 2018,
p-79)

Methods and research design

As a first step, our data corpus for analyzing learning opportunities com-
prises four online explainer videos on introductions of the function concept
from YouTube and sofatutor. We conducted a qualitative content analysis
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(Mayer & Alexander, 2017) of these videos in terms of their opportunities to
understand the function concept (Zindel, 2019; Ohrndorf et al., in press). In
a second step, we conducted a quantitative quasi-experiment with 115 eighth
and ninth graders from a secondary school (Gymnasium) in Bremen. We
used a pre-post design to investigate whether students' belief of and objective
understanding differed in relation to the video they watched.

Results

Regarding the first research question (RQ1), it was possible to reconstruct
21 out of 24 learning opportunities of the understanding model of the func-
tion concept from the four selected videos. On all three levels, the selected
videos offer opportunities. However, the videos differ in the opportunities
they offer. The range of differences varies between the videos. For one video,
21 out of 24 various opportunities were reconstructed, while for another
video, only 15 various opportunities were reconstructed.

Regarding the second research question (RQ2), a significant increase in ob-
jective understanding was observed, regardless of which of the four videos
was watched. However, there was no statistically significant difference be-
tween the increases related to the watched videos. Similar to RQ2, regarding
the third research question (RQ3), there was a significant increase in the be-
lief of understanding, irrespective of which of the four videos was watched,
and no statistically significant difference between the increases related to the
watched videos. However, the illusion of understanding (difference between
belief of and objective understanding) varied statistically significantly de-
pending on which video was watched.

Discussion

Overall, the increase in objective understanding could not be attributed in a
statistically significant way to the occurrence of opportunities to understand
the function concept of the respective explainer videos. Despite this, the
video with the fewest opportunities to understand the function concept cre-
ated the strongest illusion of understanding.

In accordance with Kulgemeyer and colleagues’ (2022) research on physics
videos, we agree that it is not advisable to leave students unsupervised while
using media such as explainer videos. One approach to reducing the illusion
of understanding and developing a more realistic assessment of one's own
understanding might be to complete a task after watching explainer videos
(Kulgemeyer et al., 2022). Another approach is to study the use of explana-
tory videos during use (Ohrndorf, 2021) and to optimize videos for this use.

1183



References

FORSA. (2020). Das deutsche Schulbarometer Spezial Corona-Krise. https://deutsches-
schulportal.de/unterricht/umfrage-deutsches-schulbarometer/

Klinger, M., & Walter, D. (2022). How users review frequently used apps and videos
containing mathematics. International Journal of Technology in Mathematics Educa-
tion, 29(1), 25-35. https://doi.org/10.1564/tme_v29.1.03

Korntreff, S., & Prediger, S. (2021). Verstehensangebote von YouTube-Erklirvideos —
Konzeptualisierung und Analyse am Beispiel algebraischer Konzepte. Journal Fiir
Mathematik-Didaktik, 109, 3. https://doi.org/10.1007/s13138-021-00190-7

Kulgemeyer, C., Hornlein, M., & Sterzing, F. (2022). Exploring the effects of physics
explainer videos and written explanations on declarative knowledge and the illusion
of understanding. International Journal of Science Education, 44(11), 1855-1875.
https://doi.org/10.1080/09500693.2022.2100507

Mayer, R. E., & Fiorella, L. (Eds.). (2022). The Cambridge handbook of multimedia
learning (Third edition). Cambridge University Press.
https://doi.org/10.1017/9781108894333

Ohrndorf, M. (2021). Verstehen verstehen. Eine Pilotstudie zur Uberpriifung der Eye-
Mind-Hypothese bei multimedialen Lernprozessen von Funktionen. WTM-Verlag
Miinster. https://doi.org/10.37626/GA9783959873000.0

Ohrndorf, M., MeiBner, 1., Schmidt-Borcherding, F., & Vollstedt, M. (in press). Recon-
struction of opportunities to understand the function concept from online explainer

videos. Thirteenth Congress of the European Society for Research in Mathematics Ed-
ucation (CERME13).

Seidel, T. (2014). Angebots-Nutzungs-Modelle in der Unterrichtspsychologie. Integra-
tion von Struktur- und Prozessparadigma. Advance online publication.
https://doi.org/10.25656/01:14686

Swan, M. (Ed.). (1985). The language of functions and graphs: An examination module
for secondary schools. Shell Centre for Mathematical Education, Joint Matriculation
Board by Longman.

Vollrath, H.-J. (1989). Funktionales Denken. Journal Fiir Mathematik-Didaktik, 10(1),
3-37. https://doi.org/10.1007/BF03338719

Wolf, K. D., & Kulgemeyer, C. (2021). Lehren und Lernen mit Erklarvideos im Fachun-
terricht. In G. Briagger & H.-G. Rolff (Eds.), Pddagogik. Handbuch Lernen mit digi-
talen Medien (pp. 474—487).

Zindel, C. (2018). Dealing with Function Word Problems: Identifying and Interpreting
Verbal Representations. In J. N. Moschkovich, D. Wagner, A. Bose, J. Rodrigues
Mendes, & M. Schiitte (Eds.), ICME-13 Monographs. Language and Communication
in  Mathematics Education (pp.75-89). Springer International Publishing.
https://doi.org/10.1007/978-3-319-75055-2 7

Zindel, C. (2019). Den Kern des Funktionsbegriffs verstehen: Eine Entwicklungsfor-
schungsstudie zur fach- und sprachintegrierten Férderung. Dortmunder Beitrdge zur

Entwicklung und Erforschung des Mathematikunterrichts: Band 40. Springer Spekt-
rum. https://doi.org/10.1007/978-3-658-25054-6

1184



