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To date, a large number of practitioners have created instructional software with the technology of hypertext.
Because the technology can present information in multiple ways, it was believed that hypertext would provide
instructions optimized for various learning objectives. However, researchers have mentioned that hypertext
actually distracts learning by overwhelming people with the high density of information. It is also reported
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that people cannot perfonn-sustained reading with passages including hyperlinks. This study explores how to

ameliorate hypertext-based instruction by reviewing the literature on cognitive load theory (CLT). The present

study found that hypertext could bring about meaningful learning with appropriate selection of structural design

and learning contents. It also: found that hypertext-based ihs?:ruction could increase motivation: In conclusion,

this paper suggests six principles for hypertext-based instructions with recommendations for the methodologies

of future studies.

Introduction .

Hypertext was developed in 1945 and has evolved
rapidly and continuously since then (Nielsen, 1990).
Rouet and Potelle (2005) define hypertext as “a
complex electronic document made of a network of
pages connected through hyperlinks” and a hyperlink
as “a verbal expression (usually a word) in hypertext
page that can be selected to display another related
page” (p. 309). Nielsen (1990) mentions that
some people use the term ‘hypermedia’ instead of
‘hypertext’ to put more emphasis on multimedia
aspects of hypertext. However, in order to avoid
confusion or extraneous cognitive load, the present
study uses ‘hypertext,’ the preferred term in Nielsen
(1990).

Many practitioners to date have developed
hypertext-based instruction because they thought
it would improve learning. Brusilovsky (1997), for
instance, believed that hypertext would provide
different documents in different ways according to
different characteristics of learners. However, it has
also been suggested that hypertext could actually
hinder instruction (Eveland, 2001). Amadieu, Tricot,
and Mariné (2009) observe that people need to think
of “their own reading sequence” when they are
reading hypertext (p. 381). That might be the reason
why people could get “lost in hyperspace” (Edwards
& Hardman, 1989). Additionally, Liu (2008)
contends that the nonlinearity of hypertext disables
people from concentrating on one thing.

Problems with hypertext could be, in part,
explained in terms of cognitive load. Cognitive load
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consists of three s-ub—eleménts: intrinéic, extraneous
and germane cognitive load. In order to achieve
successful learning, the three types of cognitive load
integral cannot exceed the limitation of short-term
memory. According to Paas et al (2003), intrinsic
cognitive load is an indicator for complexity of
learning contents while germane cognitive load is
an indicator for meaningful learning. Extraneous
cognitive load is an indicator for “unnecessary”
elements and, therefore, “ineffective” instructional
designs. It is considered by the majority of
researchers (e.g., de Jong, 2010) that intrinsic
cognitive load is unchangeable. Thus, instructional
theories primarily focus on diminishing extraneous
cognitive load and increasing germane cognitive
load (e.g., Mayer, 2009).

This paper will explore following two questions.
In what ways can negative aspects of hypertext
be diminished? In what ways can hypertext work
positively? The present study will investigate
characteristics of hypertext to answer these questions
by reviewing the literature on cognitive load theory
(CLT), which largely contributes to the field of
instructional science (Paas, Renkl, & Sweller, 2003).

Method

This study reviews articles from five leading
journals of instructional technology and cognitive
science: British Journal of Educational Technology;
Computer in Human Behavior; Educational
Psychologist; Educational Technology Research and
Development; and Instructional Science. The five



journals are retrieved from the publication lists of
three leading authorities in cognitive load theory:
Fred Paas, John Sweller, and Richard E. Mayer. The
2009 impact factors for the five journals are ranging
from 1.183 (Educational Technology Research and
Development) to 3.60 (Educational Psychologist).

In order to perform systematic selection of
articles, this study incorporates two literature review
approaches introduced by Bruce (2001). The first
approach is “subjective approach” namely, “breadth,
relevance, authority and exclusion” (p. 163). The
second approach is “objective approach,” that is
“topicality, comprehensiveness, availability and
timeliness” (p. 163). While he puts more emphasis
on the “subjective approach,” the present study
adopts both objective and subjective approaches to
select up-to-date articles of cognitive load theory. In
brief, following criteria are applied to the selection
of literature:

Objective Criteria
m Topicality: articles placed in a special issue of
cognitive load theory, or articles which contain
the phrase ‘cognitive load theory’ either in title,
keyword or abstract.

m Timeliness: articles which are published after

the year of 2000.
Subjective Criteria

B Relevance: articles which seem to be related or

applicable to hypertext.

m Authority: articles written by authorities on

cognitive load theory were prioritized.
The numbers of articles which met the objective and
subjective criteria are indicated in Table 1.

Articles that fulfilled the objective criteria are
equal to articles read to conduct the present study.
However, due to the limitation of space, the
reference section does not introduce every paper that
informed the author. It is hoped that readers will also
take a look at these articles.

Besides 65 articles of five journals mentioned
above, three books dealing with cognitive load
theory are reviewed in order to compensate for the
limited coverage of the literature to recent studies:

m Cognitive load theory (1st ed). Cambridge

University Press.
m Multimedia learning (2nd ed). Cambridge
University Press.
m The Cambridge handbook of multimedia learning
(1st ed). Cambridge University Press.
Finally, in order to perform a comprehensive
analysis, articles cited in the literature and articles
on hypertext are given equal consideration when
appropriate.

Key Aspects of Hypertext and Cognitive
Load Theory

Careful analysis of the journal articles, three
major books and other references helps the author
identify seven key aspects of hypertext: placement
of hyperlinks; method of providing information;
placement of supplemental information; selection
of learning content; selection of supplemental
information; implementation in language learning;
and the possibility of improving motivation.

Table 1 Number of Articles Fulfilled the Objective and Subjective Criteria in the Five Major Journals

Journal Objective Criteria Subjective Criteria
British Journal of Educational Technology 2 1
Computer in Human Behavior 37 9
Educational Psychologist 9 5
Educational Technology Research and Development 8 3
Instructional Science 9 1
Total 65 19
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Placement of hyperlinks

Bernard, Hull, and Drake (2001) conducted a
study to compare four different kinds of hyperlinks,
“links embedded in document,” “links at bottom,”
“links at top-left” and “links corresponding
with document” in reading comprehension. The
participants were asked to answer ten questions
related to the reading passage and, among the
questions, six questions required them to read pages
behind hyperlinks. The performance were measured
in terms of the number of correct answers, time spent
on the task, and frequency of clicks as an indicator
for “search efficiency.” After the completion
of the reading task, the participants answered a
questionnaire asking their perceptions for the type
of hyperlinks they were assigned. As a result,
there were no significant differences in observable
performances probably due to the small number of
participants, five for each group. However, although
the effect was marginal, hyperlinks embedded
within a reading passage are perceived as easiest to
navigate.

Edwards and Hardman (1989) performed a similar
study twenty years ago with nine participants for
each group. In their study, they concluded that

embedded links, in their word “hierarchy condition,”
gained the reader’s satisfaction most and increased
efficiency toward the end of the reading session. An
example of embedded hyperlinks or hierarchical
hypertext is presented as Figure 1.

In addition, Amadieu et al (2009) also investigated
the effects of embedding links within a passage:
the participants are twenty-six or twenty-eight for
each group. It was found that those who had less
domain-specific knowledge performed better on
recall when they read hypertext of hierarchical
structure. While this kind of difference was not
observed in the case of participants who had more
domain-specific knowledge, hierarchical structure
seems to be beneficial for everyone regardless of
prior knowledge as it has a possibility of improving
readers’ perceptions.

Method of providing information

“Even though the effectiveness of embedded links
has been demonstrated, they should be considered
a complement rather than an alternative to content
representation pages” (Rouet & Potelle, 2005, p.
302). What could be inferred from their notion is
people could be overwhelmed by the increase of
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Figure 1. An example of the embedded links.
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extraneous cognitive load if pages behind hyperlinks
contain primary components of learning. Thus,
information in pages connected by hyperlinks should
be supplemental, rather than necessary information
for everyone. There are grounds for giving certain
information separately as additives, which seems
to be the primary rationale for hypertext-based
instruction.

According to the expertise reversal effect of
cognitive load theory, instructions that are optimized
for novice learners could interrupt learning of
experts (Kalyuga, 2005; Kalyuga, Ayres, Chandler,
& Sweller, 2003). This expertise reversal effect can
happen when instructions provide information which
is unnecessary for high-prior knowledge learners.
Unnecessarily elements can increase extraneous
cognitive load. Thus, it is important to provide
instructions of an appropriate level at the appropriate
time (Kalyuga, 2010; van Merriénboer, Kirschner,
& Kester, 2003). These are the justifications for
providing some materials separately in the behind of
hyperlinks.

However, some may feel that it would be a
more certain way to avoid expertise reversal effect
to develop instructions for novices and experts
separately. This is actually the most difficult part
of cognitive load theory. “Designs that seem to
elicit extraneous processes may, at the same time,
stimulate germane processes” (de Jong, 2010,
p.108). In some cases, instructions that could reduce
extraneous cognitive load would also diminish
germane cognitive load. Especially, because there is
no perfect measurement of cognitive load, it is safe
to provide possible-extraneous contents at the back
of hyperlinks rather than eliminate them completely.
Actually, letting learners change the features of
multimedia could reduce cognitive load (Zheng,
McAlack, Wilmes, Kohler-Evans & Williamson,
2009). Thus, giving supplemental information in
the way learners could receive at their disposal is
recommended.

Placement of supplemental information

Another factor of extraneous cognitive load that
is originated to learners’ characteristics is spatial
ability. Low spatial ability could increase extraneous
cognitive load (Plass, Kalyuga, & Leutner, 2010),
which means instructional materials should be
created in the way they do not surpass learners’
spatial ability. Accordingly, showing relative learning
elements in near place at the same time could
improve learning: “spatial contiguity principle”
and “temporal contiguity principle” (Mayer, 2009;
see also Mayer & Moreno, 2010). However, there
seem to be at least two problems in applying these
principles.

First, learners might have already studied the
‘relative information’ and providing this information
could cause extraneous cognitive load. As mentioned
earlier, giving learners controls on the choice of
learning contents is important for meaningful
learning, which seems to be inharmonious with
the two contiguity principles. Second, if learners
have very little previous knowledge, it is, from the
beginning, difficult to show all elements they need
at the same time, in the same place. Liu (2008)
observes that people often construct “a visual
memory” while they are reading, and scrolling on
digital reading could distract this process (p. 55).
Probably, pages that contain a lot of elements should
be long and require scrolling and, therefore, could
interrupt reading.

In order to achieve solutions for these problems,
as with the saying ‘learning from the past,” some
relatively older literature on hypertext was reviewed.
As a result, it was found that Brusilovsky (1997)
introduced “frame-based technique” as an effective
method of creating interactive hypertext. Indeed, the
most straightforward way to resolve the conflicts
between the expertise reversal effect and the
two contiguity principles is to use a frame-based
webpage (see Figure 2).
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i [T The Way To MBAT i o i

e h wwwframe/

This website provides the

lYouneadlopmp&efor TOEFL, GMAT.
¥ Preparation for TOEFL: Account, Appointment
= Preparation for GMAT: Account, Appointment

= Kei Tomita: Sophomore Student of 1CL

Figure 2. An example of the frame-based webpage.

As indicated in Figure 2, frame-based websites
can have multiple pages within one window and,
therefore, can show relevant materials near to
each other. In addition, the frame-based website
could provide an environment where learners can
see relevant materials at their disposal when it
is combined with hyperlinks. Thus, frame-based
websites could create hypertext-based instructions

The Way To MBA

g | information about MBA.

If you are interested in MBA but have no idea of what to do,
this website will help you to take the first step of The Way Te MBA.

About The Creator

which comply with both of the expertise reversal
effect and the two contiguity principles.

However, World Wide Web Consortium (W3C)
does not currently recommend the usage of frame-
based websites. Thus, it is recommended to create a
frame-like website (see Figure 3) with the usage of
Cascading Style Sheet (CSS).

About This Website

This website provides the general information about MBA.

If you are interested in MBA but have no idea of
what to do, this website will help you to take the first step.

 You need to prepare for TOEFL, GMAT.

m Preparation for TOEFL: Account, Appointment
H Preparation for GMAT: Account, Appointment

About The Creator

® Kei Tomita: 1st Year of Master Course (2010)

Figure 3. An example of the frame-like webpage.
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Quotes from Wikipedia
“The Master of Business
Administration (MBA or
M.B.A.) is a master's
degree in business
administraticn, which

- attracts people from a

- wide range of academic

| disciplines. The MBA

- designaticn originated in
the United States,
emerging from the late

. 18th century as the

- country industrialized and

~ companies sought out

- scientific approaches to

. management.”



Selection of learning content

There is an interesting suggestion from the study
of Berthold, Réder, Knérzer, Kessler and Renkl
(2010). They compared learning with and without
“explanation prompts” (n = 40) and identified the
“double-edged effects” of providing supplemental
information. The effects are, providing supplemental
information could enhance learning of “conceptual
knowledge” but it also prevents acquisition of
“procedural knowledge” (p.6). It could be inferred
from these findings that providing supplemental
information with hyperlinks is more suitable for the
learning of facts or concepts, rather than learning of
practical skills.

An example of factual learning is provided
by Reinking (2005): “computers may expand
opportunities to children reading independently when
an adult or knowledgeable reader is unavailable to
provide individual assistance with any word in text”
(p. 367). Novice readers, by definition, should feel
difficulty of reading. Consequently, reading passages
that consist of a lot of unknown words would
exceed the limitation of their short-term memory.
Until they become familiar with reading, it seems
appropriate to provide annotations for difficult words
in their reading passages. Actually, it was found
that annotating definition could be beneficial for
reading (Wallen, Plass, & Briinken, 2005). Thus, it
is recommended to use hyperlinks in order to supply
explanations for words or phrases in learning of
concepts or facts.

Selection of supplemental information

The fifth aspect of hypertext is related to the
issue of appropriate selection of supplemental
information. There are some suggestions from the
theories of human cognition. According to Mayer
(2009), creating connections between learning
contents and learners’ prior-knowledge is important
for meaningful learning. In addition, Hollender,
Hofmann, Deneke, and Schmitz (2010) point out

that several elements in learning materials could
be considered “a single element” if learners can
conceive meaningful connections between these
elements. If learners successfully activate their prior-
knowledge, they will experience reduced extraneous
cognitive load (Kalyuga, 2005; Kalyuga, 2010;
Kalyuga et al., 2003). Therefore, an appropriate
choice of supplemental information depends
on learners’ prior-knowledge. In other words,
information that can be connected with learners’
prior-knowledge will enhance learning more
easily. For instance, providing synonyms familiar
with learners would be helpful in learning new
vocabulary, especially because synonyms are shorter
than definitions and rarely contain ‘extraneous’
information.

Implementation in language learning
Liu and Lin (2010) conducted a study (n = 80)
that compared three types of dictionaries, “pop-

9

up dictionary,” “type-in dictionary,” “conventional
book dictionary,” and a control group. In their
study, the “pop-up dictionary” which showed
definitions of clicked words within the passage,
namely embedded hypertext, was proven to be most
efficient in learning vocabulary. While the group of
“conventional book dictionary” spent the longest
time on reading definitions, the group performed
worse in recalling checked words than the “pop-up
dictionary” group. They attributed this phenomenon
to extraneous cognitive load. In addition, it might be
noteworthy that the group difference did not affect
on the reading comprehension scores. There seems
to be two possible inferences from their study about
hypertext-based learning:

m Reducing time of checking up words by
annotating definitions using hyperlinks would
help acquisition of new vocabulary.

m Reducing time of checking up words would not
improve reading comprehension. Although the
learned vocabulary “may be helpful in future
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readings” (Liu & Lin, 2010 p. 9).

There is also a suggestion for reading aids in the
case of second language. Plass and Jones (2005)
advise to provide supplemental information in the
first languages of learners, instead of the languages
of the main text. They also imply situation might
be different in the case of advanced learners. For
instance, again, providing synonyms familiar with
learners might bring about meaningful learning.

Regardless of the language proficiency, however,
providing options to choose “visual versus verbal
annotations” is helpful to acquire the target language
(Plass, Chun, Mayer, & Leutner, 2003, p. 480).
Indeed, there seem to be many cases in which visual
annotation is more effective. Without Figure 1,
for instance, some readers would not catch what
‘embedded hyperlink’ meant. However, forcing
readers to see both visual and verbal annotations
should be avoided because it causes extraneous
cognitive load especially for advanced learners (Plass
et al., 2003). Again, hypertext can let learners decide
if they receive certain information and, therefore,
could help the creation of meaningful instruction.

Possibility of improving motivation

Cognitive load theory has been ignoring possible
impacts of motivation (Paas, Tuovinen, Van
Merrienboer, & Aubteen Darabi, 2005). However,
Pass et al (2005) also admire the existence of one
motivational theory which has brought profound
wisdoms to the field of instruction: ARCS model.
This section will review the motivational strategies
of ARCS model in order to examine if the six
suggestions above could have motivational effects.

There are three strategies presented by Keller
(1987) that seem to be compatible with the suggested
principles of hypertext-based instructions. He
suggests the “use of analogies familiar to the learner
from past experience” (p. 4) to improve learning
motivation. This suggestion could be explained
as providing supplemental information relevant
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to learners’ prior-knowledge: see Selection of
supplemental information. Another suggestion to
“provide personal choices for organizing one’s
work™ (p. 4) seems to be compatible with the idea
of providing supplemental information in the way
learners could receive at their disposal: see Method
of providing information. Finally, a suggestion to
“provide informative, helpful feedback when it is
immediately useful” (p. 5) could support the idea of
presenting the supplemental information together
with the main texts: see Placement of supplemental
information.

Keller and Suzuki (1988) recommend to “use
teaching strategies that match the motive profiles of
the students™ (p. 413). Paas et al (2005) argue that
motivation can be measured accurately with “mental
effort” made by learners (p. 28). Correspondingly, it
could be assumed that those who are not motivated
would not devote their “mental efforts” very much.
Thus, for lower-motivated learners, decreasing
extraneous cognitive load through the use of
hyperlink (e.g., Liu & Lin, 2010) would be helpful.
To sum up, the suggested principles might be able
to increase and sustain learners’ motivations in the
hypertext-based environment.

Conclusion

The present study is an attempt to explore
strengths and limitations of hypertext based on the
review of selected literature. The study found seven
aspects of hypertext that could be explained by
principles of cognitive load theory. These findings
suggest some useful strategies for hyperlinks design
that could reduce unnecessary cognitive load of the
learner. Those strategies are

m to embed hyperlinks within main texts to reduce

extraneous cognitive load.

m to provide supplemental information learners

could receive at their disposal to reduce

extraneous cognitive load and increase germane



cognitive load.

m to present the supplemental information
together with the main texts to reduce
extraneous cognitive load: consider the ‘frame-
like’ design.

® to use hypertext for learning concepts and facts
rather than learning skills to reduce extraneous
cognitive load.

® to provide supplemental information relevant to
learners’ prior-knowledge to increase germane
cognitive load: synonyms might surpass
definitions.

m to use hypertext for learning vocabulary to
reduce extraneous cognitive load.

Especially, the second, third and fifth principles
seem to be compatible with the ARCS model and,
therefore, could enhance learning motivation.

In order to see if these six strategies actually
reduce extraneous cognitive load, future studies
are recommended to use the secondary task
measurement (see Briinken, Plass, & Leutner,
2003). “Secondary task performance is a highly
sensitive and reliable technique™ (Paas, Tuovinen,
Tabbers & Van Gerven, 2003, p. 66) and it is also
appropriate for measuring extraneous cognitive
load (DeLeeuw & Mayer, 2008). Additionally, since
the hypertext strategies seem to have a positive
impact on motivation, it is suggested to incorporate
motivational measurements for the future studies. All
in all, it is hoped that learners in the future will enjoy
more opportunities for successful learning through
more effective usages of hypertext.
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