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Effect of Reducing Cognitive Load on Learning

ORIGINAL ARTICLE

Examining the Effectiveness of Instructional Multimedia
Based on Reducing the Extraneous Cognitive Load in English
Language Learning among Nursing Students

Background: Considering the assumptions of cognitive load
theory and using its reduction and optimization strategies in the
design and development of instructional content is one of the main
requirements for achieving effective learning. This study examined
the effectiveness of instructional multimedia based on reducing the
extraneous cognitive load in English language learning among
nursing students.

Methods: In this study, pretest-posttest design with control group
was used. The population included all the undergraduate students of
Nursing at Alborz University of Medical Sciences in the academic year
2015-2016. Of these, 36 students were selected through a
convenience sampling procedure and were randomly assigned to
either of two groups in the study: control (n=17) and experimental
(n=19). The instruments included instructional multimedia lessons
and English grammar tests (pretest and posttest). For data analyses,
an analysis of covariance (ANCOVA) was applied.

Results: The results showed that the experimental group
outperformed the control group on the posttest. This indicated
that the instructional multimedia designed based on the reduction
of extraneous cognitive load enhanced the learning rate of
experimental group when compared to that of the control group.
Conclusions: Using instructional multimedia based on the
reduction of extraneous cognitive load helps improve learning by
lowering the extraneous cognitive load learners experience during
the process of learning.

Keywords: Instructional Multimedia, Extraneous Cognitive Load,
English Learning.
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INTRODUCTION

Creating favorable conditions and providing opportunities
for achieving a deeper and more lasting level of learning is
one of the main goals and ideals of instructional technology.
Taking advantage of scientific and instructional techniques,
tools and media, technologists and instructional designers
seek to design and present the instructional content in a way
that is more attractive and easier to understand for learners.
Despite this, many technology-based instructions and
instructional designs are not of enough effectiveness and
efficiency. These types of instructions, rather than facilitating
and accelerating learning for the learner, especially for his
working memory as a learning bottleneck, induce load or
cognitive density, thus slowing and even impeding the
process of learning (1). A number of researchers and
educational specialists believe that the difficulty of learning a
subject arises from its cognitive load (2). The term cognitive
load refers to the amount of load on short-term or working
memory when processing data to encode that information to
accommodate to the long-term memory. This mental effort for
processing information is called cognitive load (3). The basic
premise of cognitive load theory is that learners, when faced
with new information, have a very limited working memory
capacity for processing. According to this theory, if the mental
burden of instructional content goes beyond the limited
capacity of working memory, learning will be disrupted. If the
number of elements to be processed simultaneously in the
working memory is very high, too high memory capacity is
required, and this leads to cognitive overload (4).

Cognitive load theory poses three kinds of cognitive load
including intrinsic, extraneous, and germane cognitive loads.
Intrinsic cognitive load is determined by the interaction
between the nature of the learning material and the learner’s
level of expertise. Intrinsic cognitive load depends on the
number of elements that should be processed simultaneously
in working memory. Extraneous cognitive load is related to the
processes that not only are not essential but also disrupt
learning, and they should be changed through a series of
educational interventions. The cause of extraneous cognitive
load in multimedia material is providing poor problem-solving
techniques, providing information resources that are
distracting, unnecessary information-seeking tasks to
perform and so on. Germane load, which is caused by
cognitive activities that contribute to learning, has been
introduced into the theory at a later stage to account for the
learning-relevant demands on working memory (3).
Numerous researches have been done in the field of
cognitive load theory related to the design of instructional
content. A series of studies conducted by Mayer and his
colleagues were related to the split-attention effect. It was
found that instructions consisting of separate text and
unlabelled diagrams were less effective than diagrams that
contained labels that clearly connected text and diagram (5,
6). Van Merrienboer and de Croock also conducted a similar
study with computer programming content. A generation
(conventional) group was compared with a completion
group in learning programming techniques. Results indicated
superior learning by the completion group. When using a

completion strategy, the presentation of new information and
programming practice was linked to incomplete programs,
and learners were only required to complete the partial
solutions, whereas the generation strategy presented both
model programs and generation assignments (7). Mayer et al.
found that instructional multimedia designed according to
multimedia principles lead to more learning compared to
conventional methods (8). Kalyuga, Chandler, and Sweller
used computer-based instructions in mechanical engineering
to compare three different forms of textual explanations
presented together with an animated diagram: written text,
spoken text and written plus spoken text. The results
demonstrated a multimedia redundancy effect. The spoken
text group outperformed the written text plus spoken text
group with a higher posttest score, a lower number of re-
attempts at interactive exercises and a lower subjective rating
of cognitive load. Subjective ratings of cognitive load indicated
that presenting on-screen textual explanations of the diagram
together with the same auditory explanations actually resulted
in additional cognitive load (9). In Khalil et al.’s study, which
was conducted within the framework of cognitive load theory
with interactive anatomical images to achieve the instructional
objectives, the researchers showed that with the increasing
complexity of instructional materials, images imposed more
cognitive load and mental effort, hence reducing learning
(10). Paying attention to the human cognitive architecture
and taking advantage of the principles of cognitive load
theory, Kahol, Vankipuram, and Smith developed a simulator
for laparoscopic surgery. Results showed that the
experimental group outperformed the control group after
eight instructional sessions (11). Mayer and colleagues (as
cited in Sweller et al.) demonstrated that representations
based on dual channels lowered the information load from
the visual channel, reduced extraneous cognitive load, and
thus, left more resources for germane cognitive processing
(12). Mahbubi et al. showed that the observance of 14
principles of instructional design had a significant effect on
reducing cognitive load in the experimental group compared
to the control group and also reduced the extraneous
cognitive load (13). Mosaramezani, Kanani, and Velayati
found that reducing extraneous load and managing intrinsic
cognitive load at the same time could increase students’
learning. In addition, managing intrinsic cognitive load and
reducing extraneous cognitive load simultaneously increases
students’ retention (14). Kyun, Kalyuga and Sweller showed
the effect of reducing extraneous cognitive load on learning of
English literature. Students with less knowledge in the worked-
example group showed a better performance in problems in
the learning stage, although significant effects were not
observed in transfer tests, the worked-example group had a
better performance compared to traditional problem solving
group in the retention test (15). Niickles et al. showed that
by increasing learners’ skills in journalism, external guidance
would be an additional element, thus imposing the
extraneous cognitive load. Accordingly, the gradual
elimination of instructional guidance with increasing levels
of expertise is effective in reducing the negative effects of
negative support (16). Qiao et al. found that in sciences such
as anatomy and pathology more attention should be paid
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to the extraneous cognitive load caused by false instructional
design. They argued that overlooking this type of load in
instructional content poses challenges that might hinder
students’ learning (17). They also pointed out that cognitive
load theory’s principles and procedures can be a useful
framework for understanding the challenges and success
related to the education of medical specialists. Zare, Salari and
Sarikhani found that the use of cognitive load theory’s
instructional strategies could reduce extraneous cognitive load
and enhance learning in physiology courses (18). A review of
the studies in the field of education and cognitive load shows
that using cognitive load theory’s effects and strategies in the
teaching-learning process can lead to more efficient
instructional materials and, accordingly, effective learning
outcomes. The aim of this study was to examine the
effectiveness of instructional multimedia based on reducing
the extraneous cognitive load in English language learning
among Nursing students.

15 students who did not take part in the study but were from
the same population as that of the final sample. Based on the
results, the Cronbach’s alpha index, as the measure of
internal consistency, was 0.79, suggesting the reliability of
the test as a whole.

One week prior to study proper, all the participants took the
pretest. The study involved two treatment sessions, each
lasting about two hours. During the sessions, the
experimental group received the instructional multimedia
lesson in which the isolated elements effect had been
eliminated in order to reduce the extraneous cognitive load.
The control group, in contrast, received the lesson with the
isolated elements effect expected to induce a high level of
extraneous cognitive load. At the end of the second session,
the participants in both groups did the posttest. For
analyzing the data, descriptive statistics followed by a one-
way analysis of covariance (ANCOVA) were applied. All the
analyses were completed using SPSS (version 20).

METHODS

RESULTS

The present study was quasi-experimental in nature and
pretest-posttest with control group in design. The population
involved all the undergraduate students of Nursing at Alborz
University of Medical Sciences during the academic year 2015-
2016. The students taking part in the study were selected
based on a convenience sampling procedure and were, then,
randomly assigned to either control (n = 17) or experimental
group (n = 19). The inclusion criterion was the students’
consent to participation in the study.

Two instruments were employed in the study: instructional
multimedia lessons and an English grammar test. The
instructional multimedia lessons included two separate
lessons designed and developed for the two groups in the
study. One of the lessons was expected to induce high
extraneous load due to the presence of the isolated elements
effect (for the control group), and the other inducing low
extraneous load due to the elimination of the isolated
elements effect (for the experimental group). In terms of
contents, the lessons were identical and consisted of English
grammar instructional points.

The English grammar test included a 20-item multiple-choice
test measuring the grammar points delivered via the
instructional multimedia lessons. The test was used as both
pretest and posttest; the order of the items across the two
administrations was changed in order to minimize practice
effect. Each correct item was given one point, adding up to
the maximum score of 20. In terms of content validity, two
English language experts checked the items, and necessary
modifications were made. The test was also piloted among

Table 1 shows the descriptive statistics related to the
participants’ scores on the English grammar test for both
pretest and posttest.

As the table shows, the participants’ mean scores on the
pretest for the two groups were close to one another before
the treatment sessions. Nevertheless, the mean scores for
both groups increased after the participants received their
lessons with the mean score for the experimental group
being higher than that of the other group. To investigate
whether this difference on the posttest scores was statistically
significant, an ANCOVA was conducted. The independent
variable included group membership with two levels (viz.,
control and experimental), and the dependent variable was
the scores on the posttest. The participants’ scores on the
pretest were also added as the covariate to balance out their
pre-existing differences in terms of the knowledge of the
English grammar points delivered via the instructional
multimedia lessons. Table 2 displays the results of the analysis.
As viewed in the table, the participants in the experimental
group (M=13.53, §D=2.09) significantly outperformed
their counterparts in the control group (M=9.94, SD =2.22)
onthe posttest, F(1, 33) = 24.12, p = .000, partial eta-squared
=.42. The effect size, which is large according to Cohen’s
guidelines (19), showed that 42% of the variation in the
posttest scores could be explained by group membership. On
the whole, the results suggested that the instructional
multimedia lesson designed based on minimizing the level of
extraneous cognitive load had a positive effect on the learning
of English grammar points among students of Nursing.

Table 1. Descriptive Statistics of Pretest and Posttest Scores across Groups in the Study (N =36)

Measure
M
Pretest 3.47
Posttest 9.94

Control group (n =19)

SD M SD
2.81 3.63 2.69
2.22 13.53 2.09

Experimental group (n=17)
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Table 2. ANCOVA for Posttest Scores across Groups in the Study (N = 36)

? Partial eta-squared.

Source Sum of squares df Mean squares F P Effect Size®
Pretest 0.01 1 0.00 951 .00
Group 115.25 1 115.25 24.12 .000" 42
Error 157.68 33 4.78 - -- -
*p<.0001.

DISCUSSION

The aim of this study was to examine the effectiveness of
instructional multimedia based on reducing the extraneous
cognitive load in English language learning among Nursing
students. The results showed that using instructional
multimedia designed to reduce the extraneous cognitive
load tends to improve students’ English language learning.
This finding is consistent with results obtained in Khalil et
al’s study showing a decline in learning by increasing
cognitive load caused by the complexity of instructional
materials (10), Qiao et al.’s study reporting that due to high
intrinsic cognitive load in courses such as anatomy, attempt
should be made to reduce the extraneous cognitive load
(17), Kahol et al.’s study indicating the impact of a simulator
on improving scores based on the theory of cognitive load
(11), Mosaramezani et al.’s study suggesting that reducing
the extraneous cognitive load and managing intrinsic load at
the same time could enhance students’ learning (14), and Zare
et al.’s study supporting that using cognitive load theory
strategies could help reduce the extraneous cognitive load and

enhance learning in the physiology courses (18). According to
the findings, instructional multimedia designed to reduce the
extraneous cognitive load enhanced English language learning
among Nursing students. This means that by reducing the
extraneous cognitive load imposed on learners, their learning
increases. Explanation of results is not unexpected, because no
instruction without proper instructional design leads to
effective learning. On the other hand, one of the requirements
of instructional multimedia design is considering the cognitive
load effects and applying them in the teaching-learning
process. Cognitive load theory can be used in a wide range of
learning environments, particularly instructional multimedia,
because it relates the design of instructional materials to
processing principles and cognitive load effects, and, as a
result, learners’ cognitive load is minimized, and their learning
is maximized. A limitation of this study includes the small
sample size, making it difficult to generalize the results.
According to the results of the study, it is suggested that
educational specialists and multimedia designers should focus
on different types of cognitive load principles and strategies to
reduce and optimize cognitive load in instructional content.
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