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Short paper: 1 Introduction

The rapid development of Generative Al (GAI) makes an impact in many fields of our society, and
for higher education this is a fact that must be addressed. Research has reported on GAI creating new
challenges, and GAI as a catalyst for a transformation of higher education (Chiu, 2024; Yusuf et al.,
2024). According to Chiu (2024) the four most important educational domains to consider are
learning, teaching, assessment and administration. This study had a focus on learning, and as pointed
out by Choudhuri et al. (2024), there is a gap in the understanding of the potential and the pitfalls
when using GAI in computing education. The aim of this paper is to explore the potential impact of
Al technologies on cognitive load, relevant for computing education at higher education level. The
research question to answer is:

What is the potential impact of Al technologies on cognitive load in computing education according
to recent research?

2 Cognitive Load Theory

Cognitive Load Theory (CLT) was first developed by John Sweller and colleagues in the 1980s and
has become one of the more influential theories in educational psychology (Schnotz & Kiirschner,
2007). CLT describes the working memory resources that are involved in a learning task and divides
the cognitive load that a learner can experience in intrinsic load, extraneous load, and germane load
(Kirschner et al., 2018). Intrinsic and extraneous load are often considered to be the two main
sources for cognitive load, dealing with the complexity of processed information (intrinsic) and the
way that it is presented (extraneous) (Kirschner et al., 2018). While germane load covers the
working memory resources used for dealing with new information to be processed, which is the
intrinsic load (Kirschner et al., 2018).

Further, the theory often stresses the importance of learners’ cognitive systems, and that instructions
for learning needs to be adapted and designed after these (Schnotz & Kiirschner, 2007). The theory
has also been questioned, for example concerning its generalizability, and there is an ongoing debate
on interpreting and transforming the theory (Schnotz & Kiirschner, 2007). However, this study will
not cover the criticism and debate concerning CLT, but use the definition outlined above.

3 Method
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This study applied a scoping literature review approach for seeking available evidence in prior
research (Munn et al., 2018) and identify potentials for future research and implications for practices
(Tricco et al., 2016). A search was conducted in May of 2024 in databases Web of Science and
Scopus that combined keywords “artificial intelligence” and “cognitive load” with “computing” or
“programming” or “computer science”. The search identified 56 potentially relevant papers in
Scopus and 8 in Web of Science. Papers were selected for inclusion based on the following criteria:
published between 2019 and 2024, written in English, journal article or conference paper, relevant
for the study’s aim and research question. After screening and removing of duplicates, 7 papers were
chosen for inclusion in the study. The included papers were analyzed with thematic analysis,
following the guidelines by Braun and Clarke (2006) for a thematic analysis.

4 Results

Through the thematic analysis 4 themes were identified which relates to the potential impact of Al
technologies on cognitive load in computing education. These are “language learning assistance”,
“intelligent support agents”, “intelligent virtual learning environments (VLE)”, and “game-based
learning (GBL) strategies”. These themes, with connection to included papers, are depicted in Table

1 and further discussed in relation to Cognitive Load Theory in the next section.
5 Discussion

The theme of language learning assistance highlights that applying Al to auto-generate subtitles
(Malakul & Park, 2023) and to provide speech recognition that is dynamic and assessment-based
(Chen et al., 2022b) does not increase the cognitive load compared to alternative strategies for
language learning in the studies. It should be important to understand this in relation to the
complexity of the language content, since more complex content usually is more difficult to present
and therefore increases the cognitive load. The results presented here are promising but should be
investigated further.

The theme of intelligent support agents highlights that Al can be used for support in retrieving
scientific articles (Cheng et al., 2022a), provide recommendations in everyday decision making
(Orug et al., 2022), and act as a conversational partner for end user developers (Asunis et al., 2021).
All of the mentioned studies in this theme, discuss their designs in relation to having positive effects
on cognitive load for the user. As with the previous theme, this should however be understood in
relation to the complexity of information and the design of its presentation. Intelligent support agents
do not reduce cognitive load automatically, it is dependent on the complexity of the information and
how it is presented to the user or learner.

The last two themes, intelligent VLE and GBL strategies, differs from the previous two. Intelligent
VLE highlight many of the positive aspects that it can have on students’ learning and collaboration
but recognizes that there are challenges for technical cognitive load (Wei & Jia (2021). The
cognitive load challenge of intelligent VLE should not be surprising given the complexity of the
environments and future research could explore positive design for addressing extraneous cognitive
load. A positive approach for this could be related to the theme of GBL strategies, which has been
shown to enhance skills, knowledge and motivation related to computer science while also reducing
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cognitive load (Ma et al., 2022).
6 Conclusion

The conclusion of this study is that the potential impact of Al technologies on cognitive load in
computing education, based on included papers, shows promise. However, the authors of this paper
would like to stress that reduced cognitive load will not simply happen by introducing Al. The
complexity of content and design of its presentation, for example through user interaction, is still
very important.

7 Limitations and future research

Concerning limitations of this study, the low number of included papers needs be addressed. Future
research should widen the literature review by including more databases and identifying more
relevant keywords to incorporate in the query string. This could potentially increase the number of
identified relevant papers to be included. An alternative for increasing the number of included papers
could also be to widen the time frame for inclusion from 5 years to 10 years, and to apply backward
and forward searches on identified papers.

A small but interesting theme in the findings was GBL strategies, which could be explored further in

future research. A study on GBL strategies could analyze educational games involving Al and

computing education to identify which game design aspects reduce or increase the cognitive load?

Table 1. Identified themes and included papers.

Language Intelligent Intelligent virtual | Game-based
learning support agents learning learning
assistance environments strategies
Malakul & Park Auto-generated
(2023) subtitles
Cheng et al. Internet articles
(2022a) retrieval agent
Chenetal. Dynamic speech
(2022b) recognition
Ma et al. (2022) GBL for effective
learning
Orug et al. (2022) Decision support
agent
Asunis et al. Conversational
(2021) intelligent agent
Wei & Jia (2021) Challenges of
VLE
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