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Abstract

The purpose of this study was to investigate the effect of extraneous cognitive
load on cognitive engagement and germane cognitive load of students: the effect
of desirable difficulty. The design of this study was quasi-experimental with
pre-test-post-test and control group, and the statistical population of the research
included female students of high school in Esfahan in the academic year 2021-
2022. 30 participants were selected by the available sampling method and
assigned randomly to control and experimental groups. To induce extrinsic load,
the text's disfluency effect was used. Thus, in the pre-test stage, both groups
were given a text with fluent (readable) font to read for 10 minutes. They were
then asked to indicate their evaluation of the text by answering the Cognitive
Load Questionnaire (Klepsch & Seufert, 2017) and the Cognitive Engagement
Subscale (Reeve, 2013). In the post-test, a text parallel to the pre-test text was
given to the participants, with the difference that the text font of the
experimental group was manipulated to be less readable. Then both groups were
asked to answer the cognitive load and cognitive engagement questionnaires.
Data were analyzed using MANCOVA. The results indicated a significant
difference between experimental and control groups in terms of cognitive
engagement and germane load. Therefore, it seems that a certain amount of
extraneous load can stimulate a germane cognitive process, by creating
cognitive engagement.
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1. Introduction

According to the theory of cognitive load, an increase in extraneous
cognitive load has an adverse effect on learning. However, recent
studies show that sometimes this type of load can lead to favorable
learning and processing outcomes (Skulmowski & Xu, 2022). In
justifying the contradictions between recent studies and the
assumptions of cognitive load theory, Skulmowski and Xu (2022)
propose the cost-benefit approach. In this approach, extraneous load is
considered as cost and germane load as profit. According to this model,
if a type of learning includes some extraneous load as a cognitive cost,
the benefit from increasing the germane load may exceed the cost and
thus promote learning. Mayer (2014) considers the mechanism of such
confrontation to be increased motivation. He emphasizes that some
components of the learning environment that may have unnecessary
information or increase difficulty, in fact, stimulate productive
processes (germane cognitive load), by increasing motivation.
Therefore, such instructional designs may be desirable in situations
where learners are not constantly overloaded.

However, the studies conducted in the field of cognitive load and
cognitive engagement are mostly based on correlational studies and the
effects of extraneous load on cognitive engagement and germane load
have not been investigated empirically. Therefore, the aim of this study
was to investigate the effect of extraneous cognitive load on cognitive
engagement and germane load in students.

2. Literature Review

According to the theory of cognitive load, the inclusion of seductive
details increases the extraneous load and reduces the available mental
resources for learning processing (for example, Harp & Mayer, 1998).
However, recent studies show that, at least in some cases, especially in
digital learning environments, seductive details increase the motivation
and transfer of learning in learners (Bateman et al, 2010).

Also, studies show that text disfluency can lead to improved
performance despite creating difficulty in the learner's reading. For
example, Diemand-Yauman et al. (2011) showed in their study that
fonts that are less fluent and legible lead to more retention in controlled
experimental situations and real classroom environments. Therefore, it
has been suggested that perceived disfluency can act as a desirable
difficulty in education (Bjork, 1994; Klepsch & Seufert, 2020). Because
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a difficult situation causes learners to use processing strategies in a
more deliberate way.

In another study, Eitel et al. (2014) showed that the disfluency of the
text leads to better performance in the transfer test and mental effort
(cognitive load). Seufert et al. (2016) showed a u-shaped pattern of the
relationship between text disfluency and germane cognitive load, at a
descriptive level, based on which low to medium levels of text
disfluency lead to more germane cognitive load. These findings
challenge the basic principles of cognitive load theory (Seufert et al,
2016; Skulmowski & Xu, 2022).

3. Methodology

The method of this research was semi-experimental with a pre-test—
post-test pattern along with an unequal control group. The statistical
population included all female students at Farhangian University in
Isfahan, who were studying in the academic year 2021-2022. For this
purpose, 30 students were selected using the available sampling method
and were randomly assigned to the experimental and control groups.

In order to induce extraneous load, the effect of disfluency was used.
According to the disfluency effect, fluent and legible texts induce less
extraneous cognitive load to the learner and less fluent text induces
higher extraneous cognitive load to them (Klepsch & Seufert, 2020).
Based on this, in the pre-test phase, a text that was legible in terms of
font, color, and size of letters (B Nazanin, 14, black) was given to both
groups to read for 10 minutes. Then they were asked to complete a
cognitive load questionnaire and cognitive engagement scale. In the
post-test, a text parallel to the pre-test text was given to the experimental
group, which was less legible in terms of the font, size and color of the
letters (B Arash, 12, gray 25%). But the text of the control group, in
terms of the font, size and color of the letters used in the text, was in
accordance with the pre-test. Then, the students were asked to answer
the cognitive load questionnaire and cognitive engagement scale.

4. Results

MANCOVA method was used to analyze the research data, after
checking the necessary assumptions. The results indicate that all four
statistics, namely Pillai’s trace, Wilks’ lambda, Hotelling’s trace, and
Roy’s largest root are significant (p<0.01). So, the independent variable
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was effective on the linear combination of the dependent variables and
there was a significant difference between the groups.
In order to investigate the hypotheses, ANCOVA was used.

Table 1
Tests of Between-Subjects Effects
source  Dependent variable SS Df MS F Sig. Eta
Group  Germane load 55 1 55 464 005 .28
Cognitive engagement 49 1 49 6.64 .17 .22

The results of the table show that by taking into account and reducing
the initial difference, between the experimental and control groups, a
significant difference was observed in the variables of germane load
and cognitive engagement (P<0.01). Eta squared also showed that the
independent variable explains 28% of the variance of germane load and
22% of the variance of cognitive engagement.

5. Conclusion

The results show that the increase in extraneous cognitive load leads to
an increase in cognitive engagement as well as germane cognitive load
in students. In other words, inducing levels of extraneous load in the
form of influent texts increased cognitive engagement and germane
load in learners. It seems that according to the opinion of Mayer (2014)
and the benefit-cost approach (Skulmowski & Xu, 2022), a small
amount of extraneous cognitive load, although it causes the capture of
a part of the mental resources, leads to an increase in the cognitive
engagement of learners and hence improves the germane cognitive load
in them.

During the learning process, learners make judgments about the
characteristics they perceive of the instructional process, and based on
that, they spend a certain mental effort on educational resources
(Salomon, 1984). If they find the assignment relatively difficult, this
message is conveyed to the learners that the adopted strategies are not
enough to understand the upcoming content and they should use deeper
strategies to understand the educational content. Therefore,
interventions that induce desirable difficulties, encourage deeper,
slower, and more difficult processing and help learners to remember
information (Bjork, 1994).
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