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Quality of instruction within media-rich environments is an important aspect of the
online learning process. Instructors need to avoid the presentation of confusing content
caused by diverse forms of media, which can induce higher levels of extraneous
processing and negatively affect germane cognitive load. Maintaining high levels of
germane load is imperative for student success in e-learning, as germane load directly
contributes to learning through the processing of relevant information. One approach
that students may take to manage diverse forms of media is to regulate their effort, as
past research has shown that high levels of effort not only positively contribute to
learning, but also aid students in effectively overcoming distractions within the online
learning environment. However, because extraneous processing caused by distracting
media has such a negative influence on learning, it is hypothesised in this study that
media diversity negatively moderates the relationship between self-regulated effort and
germane load. This study analysed survey responses from a group of university students
(N = 2363) who participated in online learning classes in South Korea and looked at the
moderating effects of media diversity on the relationship between self-regulated effort
and germane load. The results showed that as media diversity increased, the strength of
the relationship between self-regulated effort and germane load decreased. A review of
the extant research is provided along with analytical explanations as to why the results of
this study show that self-regulated effort is not enough to overcome confusing content
from media diversity.

Introduction

Instruction should be delivered in a way that effectively meets the needs of students,
particularly within online learning environments, which have been linked to a lack of
interest and loss of motivation among learners (Lee & Rha, 2009; Russo & Benson, 2005).
Ineffective delivery of course content contributes to engagement issues and ultimately
leads to confusion in e-learning environments (Lange & Costley, 2017; Gerjets & Scheiter,
2003; Kester, Kirschner, & van Merriénboer, 2005; Kizilcec, Bailenson, & Gomez, 2015;
Mayer, 2014). To address such issues, instructors need to deliver content in a clear way
that allows students to maintain their focus and process information relevant to the
learning process. Instruction and the way it is delivered to learners within e-learning can
be understood though cognitive load theory. Unclear and confusing content delivery
results in high levels of extraneous load, which is caused by unnecessary processing of
information that does not contribute to learning (De Jong, 2010; Leppink, Paas, van der
Vleuten, van Gog & van Merriénboer, 2013; Sweller, van Merriénboer & Paas, 1998).
Germane load, on the other hand, is promoted when students apply effort to processing
relevant information that directly contributes to learning (Cierniak, Scheiter & Gerjets,
2009; Kolfschoten, Lukosch, Verbraeck, Valentin, & Vreede, 2010; Leppink et al., 2013;
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Schmeck, Opfermann, van Gog, Paas & Leutner, 2015; Sweller et al., 1998). Furthermore,
germane load levels are increased through a general enhancement of understanding and
knowledge of the content being delivered (Leppink et al., 2013; Kolfschoten et al., 2010;
Sweller et al., 1998). Within an academic setting, Leppink et al. (2013) specifically related
germane load to the enhancement of knowledge through the understanding of concepts
and definitions associated with course content. Within e-learning environments, the goal
of instructors should be to present the content in ways that help students avoid
extraneous load and increase germane load, as doing so ultimately promotes a positive
learning experience.

The presentation of content through diverse forms of media can play a significant role in
the way students process information. Media diversity is represented through visual media
including illustrations, images, graphs, maps, animations, and words in the form of slides
and rolling text (Costley & Lange, 2017b; Mayer, 2014). Although media diversity has
been shown to be beneficial to the online learning environment (Costley & Lange, 2017b;
Costley & Lange, 2017¢), instructors need to present the content in a way that does not
confuse the learners. Content delivery that occurs through diverse forms of media can
leave learners more susceptible to extraneous processing, as learners can become
distracted when their focus is placed on two or more forms of media simultaneously
(Fanguy, Costley & Baldwin, 2017; Leppink et al., 2013; Kalyuga, Ayres, Chandler &
Sweller, 2003; Kirschner, 2002; Sweller, 2005). This is particularly relevant when
presenting textual content associated with pictorial content. Although the dual coding
theory supports the presentation of verbal (text and speech) and nonverbal (graphics and
animation) content in order to integrate separate representations in a way to make sense
of it (Paivio, 1991; Schmidt-Weigand & Scheiter, 2011), care needs to be taken to avoid
overloading the learners with extraneous information when doing so. Such distraction
involving simultaneous presentation of textual and pictorial content can occur by
processing redundant information or splitting one’s attention between sources which
ultimately confuses learners and diverts cognitive processing to information that does not
contribute to germane load (Mayer, Heiser & Lonn, 2001; Mayer & Moreno, 1998).

The autonomous nature of online learning along with the cognitive demands associated
with media diversity highlights the need for students to apply additional effort when
dealing with unclear content in e-learning environments (Chandler & Sweller, 1991;
Cunningham & Billingsley, 2003; Jung, 2001; Kalyuga et al., 2003; Mayer & Moreno, 2003;
McManus, 2000). One way in which learners may be able to overcome confusing textual
and pictorial content and enhance germane load levels is through specific self-regulated
learning strategies implemented to deal with confusing content. Self-regulated learning
occurs when students take charge of their learning through motivational techniques that
help them accomplish their goals (Zimmerman, 2008). Such motivation allows them to be
persistent when faced with challenging situations within the learning environment
(Dabbagh & Kitsantas, 2012). Furthermore, self-regulated learners are generally able to
avoid behaviours that may divert their attention from the learning process (Dabbagh &
Kitsantas, 2012). The effort and determination that accompanies such strategies is
generally seen as a key determinant of success within distance learning (Puzziferro, 2008;
Shea & Bidjerano, 2012). Effort regulation strategies are reflective of such determination,
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as students who self-regulate their effort maintain focus and persistence in order to finish
what they planned to do, particularly when instruction may be difficult to understand
(Pintrich, Smith, Garcia & McKeachie, 1991). Because self-regulated effort involves
determination and persistence when faced with difficult situations within the learning
environment, it is a point of interest to examine whether it is effective in dealing with
distracting textual and pictorial content delivered simultaneously to online learners.

Theoretical background
Ways in which media diversity affects learning

Using various forms of media throughout a lecture affects the perception of content by
learners, and can ultimately have positive effects on cognitive processing as well as the
overall learning experience (Kalyuga et al., 2003; Mayer & Moreno, 2003; Mayer, 2014;
Sweller, 1999; Sweller et al., 1998). The benefits of using multimedia can be explained
through both the dual coding theory and the generative theory of multimedia. Pavio’s
(1991) dual coding theory states that the use of both cognitive channels (verbal and
nonverbal) allows for more effective cognitive processing to take place. Similarly, the
generative theory of multimedia (Mayer, 2014) states that learning takes place at a greater
rate when both auditory and visual media are combined as students are able to make
cognitive connections between the two formats. Empirical evidence supports such theory,
as extant research shows the benefits of using diverse forms of media to enhance the
learning experience. Within multimedia contexts, Clark and Paivio (1991) found that the
integration of verbal and nonverbal forms of media lead to higher levels of learning, while
Mayer and Anderson (1992) found that the addition of narration to visual media allows
learners to retain more information. Specific to online learning contexts, Costley and
Lange (2017a) found that diverse forms of media used over the course of an online lecture
increase levels of germane load, while Kim et al. (2011) found that the multiple forms of
media used throughout a semester increased students’ levels of perceived learning. While
such studies emphasise the benefits of diverse media, other studies point out that the
inappropriate use of diverse media has a negative effect on learning.

When instruction involving media diversity fails to address the needs of the learners, a
negative effect on learning can occur. Providing students with multimedia content that is
irrelevant to learning, for example, has been shown to decrease levels of comprehension
(Mayer, 2014). This is due to the fact that essential information processing that is required
for learning may be overshadowed by unnecessary processing of irrelevant content. Such
processing of irrelevant content can occur if graphical content used to complement textual
content is ineffectively delivered. For example, Mautone and Mayer (2001) stated that
when extraneous textual facts coincide with confusing graphical content, learning is
negatively affected due to the processing of nonessential information. Additionally,
providing redundant information through diverse forms of media such as text, images, or
graphs further distracts learners who attempt to process the extranecous information
(Mayer, Heiser & Lonn, 2001). This complicates the presentation of essential material by
presenting it multiple times through various formats concurrently, creating cognitive
overload for the learners (Mayer & Moreno, 2003). The split-attention effect further
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contributes to distractions when diverse media is used (Mayor, 2014). This effect occurs
when instructors present on-screen information from multiple sources that are physically
separated from each other, i.e. textual information physically separated from the image or
graph it is describing, which contributes to extraneous processing and negatively affects
learning through lower levels of problem-solving transfer (Chandler & Sweller, 1991;
Sweller, 1999; Mayer & Moreno, 1998; Mayer & Moreno, 2003; Moreno, et al., 2001).

Ways in which student effort affects learning

Students who self-regulate their learning believe that confronting challenging tasks and
showing more effort in developing a deeper understanding of the material enhances
learning in a way that creates success when dealing with difficult coursework (Perry,
Phillips & Hutchinson, 2006). Additionally, those who show higher levels of effort
through self-regulation typically hold themselves accountable for their learning outcomes,
rather than blaming them on external situations (Zimmerman, 1990). Within e-learning
specifically, self-regulated learners who take accountability for their learning rather than
blaming any external factors have shown higher levels of achievement (Kosnin, 2007).
Such effort and determination that accompanies self-regulated learning is generally seen as
a key determinant of success in e-learning environments (Puzziferro, 2008; Saw, 2011;
Shea & Bidjerano, 2012). Research supports this notion, as increased levels of effort used
for planning in multimedia e-learning environments have been shown to lead to higher
levels of learning (Moos, 2013; Moos & Azevedo, 2008a). Furthermore, online learners
show higher achievement levels when they provide more motivational effort, monitor
their performance, and make adjustments when needed (Moos & Azevedo, 2008b; Perry
& Winne, 2006; Shih, Ingebritsen, Pleasants, Flickinger & Brown, 1998; van Gog, Kester
& Paas, 2011; Winne, 2001). Further emphasising the importance of effort within e-
learning, self-regulated effort strategies have had a positive impact on achievement among
university students taking online courses (Lange & Costley, 2018; Puzziferro, 2008).

In addition to simply being linked to learning, student effort has specifically been linked to
overcome challenging aspects of instruction in order to promote higher levels of learning.
Gerjets, Scheiter and Tack (2000) showed that when challenging instruction was presented
to students through the reduction of learning time, those that showed effort through
learner control processing strategies were able to overcome such instruction to a point
where learning was not negatively affected. Effort used to supplement the lack of specific
instructional elements within online environments has also been shown be beneficial to
learning. For example, students who use effort to construct mental images of content to
compensate for lack of representational images accompanying expository text have shown
increased levels of reading comprehension and ultimately learning within an online
learning environment (Leutner, Leopold & Sumfleth, 2009). Additionally, students who
apply more effort can overcome the lack of instructional feedback, as Moos (2011)
showed that students who received no feedback were able to outperform a group of
students who did, due to the fact that they showed higher levels of effort through self-
monitoring strategies.
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The role of media diversity in the relationship between effort and learning

Because self-regulated effort refers to how committed and dedicated students are when it
comes to dealing with particular instructional tasks that may be perceived as difficult
(Duncan & McKeachie, 2005; Pintrich, et al.,1991), it would make sense that such
commitment and dedication may be useful when dealing with unclear instruction delivered
with diverse media. Through previous research, it is known that self-regulated learners
adopt strategies that enable higher levels of achievement when faced with cognitive
demands brought on by inadequate study conditions and distractions within the
environment (Getjets, et al., 2000; Joo, Bong & Choi, 2000; Komarraju & Nadler, 2013;
Leutner & Sumfleth, 2009; Moos, 2011; Lane & Lane, 2001; Linnenbrink & Pintrich,
2002; Lynch & Dembo, 2004; Saw, 2011; Wang & Newlin 2002; Zimmerman, 1990).
However, it is a point of interest to find out if effort can overcome inadequate conditions
and confusion brought on specifically by media diversity.

One contributing factor that may affect the ability of self-regulated learners to overcome
cognitive load brought on by media diversity is their use of self-regulation strategies.
According to cognitive load theory, distractions from media diversity can create cognitive
demands on the learners, as effort is directed towards processing information that is
unnecessary for learning (Leppink, et al., 2013; Kalyuga, et al., 2003; Kirschner, 2002.
Sweller, 2005). Additionally, the effort involved in self-regulation used to overcome
distractions in the learning environment is accompanied by further cognitive demands
(Saw, 2011; Zimmerman, 2008). Because distractions created by some forms of media
diversity may, according to cognitive load theory, create effort directed toward
information that is irrelevant to learning, effort regulation may compound the adverse
effects of such distractions. It is therefore a point of interest to look at the relationship
between self-regulated effort and germane load when high levels of media diversity are
present. Investigating connections between effort involved in self-regulation, and learning
when presented with diverse forms of media, Scheiter, Schubert and Schiler (2017)
showed that within multimedia learning environments, self-regulated learners contribute
to deeper processing of images and text.

It has also been shown that motivation may not always be enough to overcome the
negative effects of extraneous processing created by extraneous media diversity. For
example, Lange, Costley and Han (2017) found that high levels of self-regulated effort
were not enough to overcome instruction that imposed high levels of extraneous load.
Although media diversity was not directly linked to the high levels of extraneous load in
their study, Fanguy, Costley & Baldwin (2017) posited that confusing instruction brought
about through multiple representations of content through diverse forms of media may
have played a role in the results. Research that directly links extraneous load to diverse
media shows that effort cannot overcome diverse media that distracts the learner from
separated sources involving images and text. Specifically, it has been shown that effort
exerted through self-explanation strategies is less effective for learning when such effort is
directed towards visual and textual information physically separated from each other
within online learning lectures (Renkl, 2014; Tarmizi & Sweller, 1988).
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The current study

Because online learners are faced with challenging situations where unclear content is
presented through media-rich environments, it is worth investigating whether self-
regulation is an effective technique in dealing with such challenges. Within e-learning,
presentation of diverse media that is extraneous, irrelevant, or redundant has been shown
to negatively affect learning (Mautone & Mayer, 2001; Mayer, 2014; Mayer & Moreno,
2003; Mayer, et al., 2001). On the other hand, the use of self-regulated learning strategies
has been shown to contribute to the learning experience, as students who provide effort
through such strategies have been more successful, and have overcome distractions within
e-learning environments to show higher levels of performance (Kosnin, 2007; Lane &
Lane, 2001; Lynch & Dembo, 2004; Joo, Bong & Choi, 2000; Puzziferro, 2008; Saw, 2011;
van Gog, et al,, 2011; Wang & Newlin 2002). Additionally, some studies have shown that
effort is effective in learning when media diversity creates distractions within the learning
environment (Scheiter, et al., 2017), while other studies have shown that effort regulation
strategies are not enough to overcome such distractions (Renkl, 2014; Tarmizi & Sweller,
1988). Using self-regulated effort as a representation of motivational effort, and germane
load as a representation of learning, this study looked at various relationships within an e-
learning environment in South Korea. These include the relationship between media
diversity and germane load, and the relationship between self-regulated effort and
germane load. The main aspect of this study is to look at the moderating effect of media
diversity on the relationship between self-regulated effort and germane load.

Research hypotheses

Due to extant research claiming that media diversity and self-regulation are beneficial for
the learning process, the first two hypotheses state the following:

1. Media diversity is positively correlated with germane load.
2. Self-regulated effort is positively correlated with germane load.

The main hypothesis focuses on a moderating effect of media diversity on the relationship
between self-regulated effort and germane load. Due to the negative influence that
distractions associated with media diversity have been shown to have on the learning
process, it is hypothesised that self-regulation cannot overcome these challenges. The
main hypothesis is stated as follows:

3. Media diversity moderates the relationship between self-regulated effort and germane
load.

Methods
Study context

Students who were taking classes at the Open Cyber University (OCU) in South Korea
were asked to participate in this study. The OCU was founded in 1997, with classes
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beginning there in 1998 (Jung & Rha, 2001). There is a network of 23 traditional brick-
and-mortar universities that are called the “consortium”, who are tasked with the funding
and management of the OCU. The main reason that the OCU was set up was to create an
online learning environment that would provide credit classes for students who were
taking traditional offline classes at the OCU’s member universities. This aside, the OCU
also provides non-credit courses for students who are not enrolled at any of the member
universities (Jung, 2000).

Students who wish to take classes at the OCU are only required to pay if they are not
enrolled at one of the member universities. The OCU is the largest online consortium in
South Korea, providing more classes to more students than any other online learning
provider. The OCU runs approximately 400 classes each year for approximately 120,000
students (About OCU, n.d.). Most OCU classes are fully online, though a few offline
meetings are held to give an opportunity to those not enrolled at an offline university to
have face-to-face interaction with other students. Also, it has been noted that most OCU

classes do not have a great deal of student-to-student interaction online (Jung & Rha,
2001).

Direction for the OCU is provided by the member universities who also provide the
design, content, and professors for the classes. A group of delegates selected from the
member universities form a council tasked with the mission to guide policy and pedagogy
in the OCU (Jung & Rha, 2001). Also, to help improve instruction and administer the
OCU, a team of instructional designers and programmers help the instructors run the
classes. Furthermore, all aspects of the OCU are overseen and course quality is evaluated
by an evaluation team (About OCU, n.d.).

Research procedures and data collection

The research reported here began in January 2016 with a set of qualitative interviews to
obtain a broad overview of the OCU and how it operates. These interviews were followed
by a small scale survey (N = 86) to gain an overview of how students perceived their
learning environment. This survey is outlined in more detail in Costley (2017¢). Both these
steps, the interviews and small-scale survey, gave a good overall picture about student to
student interactions, but also showed that learning was mostly centred upon video
lectures. For this reason, following the interviews and a small survey, two large (N =
1500+) surveys focused on video lessons were conducted in 2016. The data used in the
current study was from a third larger survey that conducted from May to June 2017.

Items were first written in English then translated into Korean, which is the language of
the OCU. An expert in both the OCU and online learning examined the items to verify
both their accuracy as representations of the English items and their appropriateness for
the OCU. The items were then put into a Goggle Sheets (Google, n.d.) form and a link was
given to the OCU’s administration. The OCU administration then assessed that the survey
was acceptable to be given to their students and the link was put on the main student
noticeboard of the OCU with an invitation for students to participate in the research.
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Participants

OCU students who wished to take part in this research answered questions on a Google
Sheets (Google, n.d.) survey from a link that could be found on the student noticeboard.
There were 2422 students who were invited to participate by submitting surveys. The link
was active from 25 May 2017 to 25 June 2017 after which the link was dead and the data
file was downloaded for analysis. A total of 2422 surveys wetre submitted; however, some
surveys (38) were substantially incomplete, with some having none of the cells filled out.
The removal of these left 2384 valid and complete surveys. The next step was checking
for outliers using Cook and Mahalanobis' leverage values as described in Yuan and Zhong
(2008). This was done in reference to the three main constructs used in this research. This
study considered that the failure of any two of these tests would result in the case being
removed as an outlier. According to this standard, 21 cases were removed as outliers,
leaving 2363 cases to be used for the analysis that attempts to answer the research
questions that are a part of this study. There were no shared traits among the outliers, and
all following tables and figures in this paper are generated from the 2363 cases that were
complete and not outliers. The following results and tables subsequent to this are
generated from these 2363 remaining subjects. Of the remaining 2363 subjects, 1228
(52%) were female and 1135 (48%) were male. The oldest participant was 54 and the
youngest was 18; the average age was 23.7, with a standard deviation of 3.7. The gender
and age distribution of subjects in this research is similar to other research into e-learning
environments in South Korea (Suh & Kim, 2013) and the OCU specifically (Costley &
Lange, 2018). Students who took part in this research took a variety of classes. There are
several sub disciplines that the OCU recognises and students who participated in this
study took a range of which may be categorised as follows: social sciences (30%), lifestyle
and health (27%), humanities (10%), business and management (10%), foreign language
(6%), mathematics (6%), natural science (6%), and computers and information technology
(5%). The distribution of subject areas is similar to the general distribution found in the
OCU (Lange, 2018).

Instrument development

To develop the germane load measurement, items from Leppink et al’s (2013) The
development of an instrument for measuring cognitive load was used. Leppink et al.’s (2013) paper
gives descriptions of the three main types of cognitive load (intrinsic, extraneous, and
germane) and a method to measure them in a survey. A total of four items were used in
the present study for germane load. The items used for the germane load construct were:
The lecture really enhanced my nnderstanding of the topic; the lecture really enbanced my knowledge and
understanding of the of the class subject; the lecture really enbanced my understanding of the concepts
associated with the class subject; the lecture really enbanced my understanding of concepts and definitions.
There was a small change between the present research and Leppink et al.’s (2013) study,
which was the word “activity” being replaced with the word “lecture”. The Cronbach’s
alpha for the germane load construct was .955, which was high enough to be used in this
type of research.
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To generate the self-regulated effort construct, items from the Motivated Strategies for
Learning Questionnaire IMSLQ) were adapted for use. The MSLQ (Pintrich et al. 1991) is
designed to test vatied aspects of a student's use of learning strategies and motivational
orientations. The aspect of the MSLQ used in this study, self-regulated effort, is made up
of four items: I offen lose focus when I study so I quit before 1 finish what I planned to do (reversed); 1
work to do well at school even if I get confused; when coursework is unclear, I give up or only study the easy
parts (reversed); even when study materials are complex, 1 manage to keep working until 1 finish. The
Cronbach’s alpha for self-regulated effort was .770, which though lower than the germane
load construct, is still appropriate for this type of research, and higher than what Pintrich
et al. (1991) found in their original study.

To measure diversity, three items were used. These items were designed so as to reflect
how information that was presented visually to students might impair their ability to
comprehend the contents. These items were based around comments made by students in
Fanguy, Costley & Baldwin (2017), in which changing the professor in mid-lecture caused
a lack of focus, and lowered student memory tetention. The students' comments and
results showed that elements of visual diversity would lead to lower levels of learning
which contradicts the results of Costley and Lange (2017b). They were as follows: (1) I#
was difficult for me to relate texctual and pictorial information to each other; (2) The illustration distracted
me from texctual information; and (3) The texctual information distracted me from the illustration. The
Cronbach’s alpha for this construct was .877, which is high enough for research of this
type. All items in the survey used a Likert scale ranging from 1 to 5. All items used in the
survey can be seen in Appendix 1.

Results

Table 1 shows the means, standard deviations, and Pearson correlation coefficients of the
main variables used in this study. This table shows that diversity is negatively and
significantly related to self-regulated effort (J = -.436, p < .01). Diversity was also
negatively and significantly correlated with germane load (U = -.460, p = < .01). Finally,
self-regulated effort was positively and significantly related with germane load (I = .522,
p = <.01). The mean for self-regulated effort was 4.91, with a standard deviation of 1.25.

Table 1: Descriptive statistics and Pearson correlation
coefficients of the main variables (N = 2363)

Mean | Std dev. | Self-regulated effort| Diversity | Germane load

Self-regulated effort| 4.91 1.25 1
Diversity 3.12 1.37 - 436k 1
Germane load 4.86 1.31 .522%% - 460%* 1

** Correlation is significant at the 0.01 level

The mean for germane load was 4.86, with a standard deviation of 1.31. Diversity was
significantly lower than both self-regulated effort and germane load with a mean of 3.12,
and a standard deviation of 1.37.
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Linear regression was used to measure both diversity and self-regulated effort’s
relationship with germane load. The overall model had strong predictive power in relation
to germane load (r2 = .5806). Furthermore, each 1 unit increase in the diversity scale lead to
a.26 (p = <.001) decrease in germane load. Also, for every 1 unit increase in self-regulated
effort there was a .41 (p = <.001) increase in germane load.

Self- Germane
cognitive

load

regulated
effort

Figure 1: The moderating effects of diversity on the relationship
between self-regulated effort and germane load

To test the interaction effect of self-regulated effort and diversity on germane load,
PROCESS macro (model 1, Hayes, 2013) was used, as is shown in Figure 1. Variables
wetre mean centered to +/- 1 standard deviation, which showed strong evidence of an
interaction effect based on a standardised coefficient. Diversity negatively moderated the
relationship between self-regulated effort and germane load, or in other words, as diversity
increases, the strength of relationship between self-regulated effort and germane load
decreases.

To measure the effect of moderation, PROCESS macro was used to center the variables
and measure the relative effect of self-regulated effort on germane load at the average
level of diversity, and at one standard deviation above and below the mean. This created a
low, average, and high grouping of the relationships. In all conditions, there was a
statistically significant relationship between self-regulated effort and germane load.
However, as can be seen in Table 2, in the low diversity condition the effect size (.49) is
stronger than in the average diversity condition (41) and much stronger than in the high
diversity condition (.33). As can be seen in Figure 2, this creates a fanning effect, whereby
the low diversity condition has a steeper line than the average diversity condition, and the
high diversity condition flatter than the other two conditions.
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Table 2: Centred effects for self-regulated effort on germane load at each level of diversity

Diversity b t p
Low diversity -1.3645 49 19.01 .000
Average diversity 0.00 41 20.57 .000
High diversity 1.3645 33 12.31 .000

&0 / Low diversity
5.50 Medium diversity
High diversity
Germane
4.50
4.00

-1.50-1.00-0.50 0.00 0.50 1.00 1.50

Self-regulated effort

Figure 2: The moderation effect of diversity on self-regulated effort and germane load

Discussion

Examination of survey responses submitted by university students enrolled in e-learning
courses in South Korea revealed information concerning relationships between media
diversity, student effort, and learning. Using perceived difficulty in processing information
represented by simultaneous delivery of text and images as a measurement of diverse
media, self-regulated effort as a measurement of student effort, and germane load as a
measurement of learning, this study concluded the following: media diversity was
negatively correlated with germane load, self-regulated effort was positively correlated
with germane load, and media diversity negatively moderated the relationship between
self-regulated effort and germane load. The negative correlation found between media
diversity and germane load is supported by research that shows diverse forms of media
that distract learners and induce extraneous processing negatively affects learning
(Mautone & Mayer, 2011; Mayer, 2012; Mayer & Moreno, 2003; Mayer, et al., 2001). The
positive relationship found between self-regulated effort and germane load is also
supported by research that has shown that effort exerted through self-regulated learning
strategies has been associated with higher levels of learning (Kosnin, 2007; Lane & Lane,
2001; Lynch & Dembo, 2004; Joo, Bong, Choi, 2000; Puzziferro, 2008; Saw, 2011; Van




Lange & Costley 169

Gog, et al., 2011; Wang & Newlin 2002). Additionally, research shows that when specific
strategies are used to overcome cognitive demands placed on learners due to
environmental distractions and unfavourable study conditions, higher levels of
performance occur (Gerjets, et al., 2000; Joo, Bong & Choi, 2000; Komarraju & Nadler,
2013; Leutner & Sumfleth, 2009; Moos, 2011; Lane & Lane, 2001; Linnenbrink &
Pintrich, 2002; Lynch & Dembo, 2004; Saw, 2011; Wang & Newlin 2002; Zimmerman,
1990).

The results from Lange, Costley and Han (2017) help support the findings of the current
study. Like the current study, they found that self-regulated effort was not enough to
overcome a difficult situation within the online learning environment. However, Lange,
Costley and Han (2017) implied that distractions brought on by media diversity played a
role in the high levels of extraneous load found in the study, but no empirical evidence
was provided to support that. The current study extended Lange, Costley and Han’s
(2017a) research by focusing on a specific source of extraneous load creation: ineffective
media diversity. Extant research that most closely relates to the present study supports
these findings that effort cannot overcome the negative effects of distractions caused by
improper use of media diversity. For example, Renkl (2014), Tarmizi and Sweller (1988)
found that the use of self-explanation strategies are less effective when students are
distracted by images physically separated from the text within online learning
environments. Like the effort used in the self-explanation strategies in that study, the self-
regulated effort strategies used in the current study were not enough to overcome
confusing content brought on by the simultaneous presentation of both text and images.
This is evident in the current study due to the fact that the strength of the relationship
between effort and germane load decreased when levels of diversity increased.

Research has stated that processes involved in self-regulation are useful for overcoming
confusing instruction within the learning environment (Zimmerman, 1990; Pintrich, et al.,
1991). However, this is not the case when looking at the relationship between self-
regulated effort and distractions resulting from media diversity as shown in the current
study. The current study showed that student effort was not enough to overcome
distractions brought on by the simultaneous presentation of both text and images that
distracted the learners. Although the findings showed that self-regulated effort is
positively correlated with germane load, the strength of the relationship between self-
regulated effort and germane load significantly weakens when media diversity confuses the
learners. This can be explained by the processes associated with extraneous processing of
multiple sources of information as part of cognitive load theory. Unlike germane load,
extraneous processing is associated with the effort that is either unnecessary or irrelevant
to learning (Cierniak, et al., 2009; Leppink, et al., 2013; Schmeck, et al., 2015). The effort
that goes into dealing with multiple media sources may ultimately create extraneous
processing, as students are using cognitive effort to make sense of extraneous presentation
of content, which does not contribute to learning.
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Conclusion

Examining the effects of student effort on germane load when faced with specific types of
media diversity is important, due to the autonomy associated with distance learning and
the cognitive demands associated with types of instruction within online learning
environments (Chandler & Sweller, 1991; Cunningham & Billingsley, 2003; Jung, 2001;
Kalyuga et al., 2003; Mayer & Moreno, 2003; McManus, 2000). The results of this study
highlight the exceptional negative influence distracting media has within an e-learning
environment, as it was shown that self-regulated effort is not as effective in aiding
students to learn when they have to deal with distractions brought about by diverse forms
of media. These implications are helpful for both instructors and learners within online
learning environments. Although effort regulation is useful under certain circumstances,
students who face media distractions may need to use other learning strategies effectively
to assess and adjust to their current learning situation. From an instructional perspective,
instructors need to present diverse media in a way that does not distract the learners. For
example, when presenting content with the use of text and images, instructors should not
only avoid the presentation of content represented by physically separated sources, but
also avoid the presentation of extraneous and redundant content. Presenting images and
text that complement each other without creating extraneous processing by the students
should allow effort strategies to be more efficient.

Although the results of this study contribute to discourse of online learning research
through evidence that student effort may not always overcome certain distractions
associated with online learning, there are some limitations. This study quantitatively
examined relationships involving media diversity, self-regulated effort, and germane load
through a survey. However, a qualitative approach may provide further explanation as to
the reasoning behind these results. Perhaps detailed interviews with the participants would
reveal precise self-regulated learning techniques taken at specific points in the lecture
where multiple forms of media were used, which may also provide insight into the effect
on their comprehension at that specific time in the lecture. Also, as this study used
subjective measurements involving self-regulated effort, media diversity, and germane
load, designing controlled environmental conditions may strengthen the current results, by
allowing for examination of specific instances where self-regulation would be used during
parts of the lecture containing multiple sources of media. Although there are some
limitations, the results of this study provide new insight into the effects of media
distractions on the relationship between student effort and learning.
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Appendix: Student survey, online May-June 2017

A8 Gender M/F

Q17: Age

&HA: Grade in university
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(please only answer one class, which you think is the most important class to you.)?
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Self-regulated effort

YO|E E= & UBX| ZaiM ARE BE T otx| Z5t1 Shol SHEHE E7t
F3E URACH: T often lose focus when I study so I quit before I finish what I planned to do.

t Hel7t E8 A Mol &&ol SASDR 25 RACH T work to do well at school
even if I get confused.

YolLhgol et d*E Le 42 RFER SFsHU =22 S ZII8UCH
When coursework is unclear, I give up or only study the easy parts.

SAREIE S8 HalE Z2a SHiEE Lhs DHXIZR] YAIS B SDA SACh
Even when study materials are complex, I manage to keep working until I finish.

E-learning personalization

L= Ol olzd'd Z oM LA EHRE LIS & e & ARUCH The e-learning
system used for this course enabled me to learn the content I need.

SYDAE Ol Ol2iE FHOIM Lk 35D 42 2B MK BRY + IS
I-_-|'°F gt XPE 2 MB35l FALt. The e-learning system used for this course enabled me
to choose what I want to learn.

Y us= ol olz{'d Z oM EME0| Heo et ME CHE E& & Mo et
8t e £ QTS 3l FULCH The e-learning system used for this course enabled me to
control my learning progress.

Sequencing of content

ol oledd Zztol s8R E-/':%J' Wg HM SRstn LHEol| Bt SEE WE
SR = UESF & M3t E|RJACH The content was presented from simple to complex.
0|':"I olgd ZoloMd naEH2 Z:—-| Htoll= Bt 8t LHE oM AlEFStod 2o
FHtollz= ECt S8 LI &2 CHF 04 FAICH The content in the beginning of the
lectures were simpler than at the end of the lectures.

Ol olgdd 2ol 2ol ol & 240 CHEF 4B Z2 JHEX L8 S0

CtRoiaLt o Fitols 2ot 2 288 dFst7| flsto] o] #HE QASE
B CtR = ME dgEl LHE & 0| CHR 0{33C} The beginning of the lectures contained
isolated elements (basic explanation of one part of the content), while the later stages

contained interacting elements (multiple parts of the content coming together to explain the

big picture).
Intrinsic load

dooiMM ot = FHMES 0f R =& 5HRACHThe topics covered in the lecture were very
complex.
1 ZolofM CHE 28 E = Lol ol &g %d S OIRRCt: The lectures covered
information that I perceived as Very complex.

3 ZoollM CHE FHHOILE HO|E2 Lol oHS HHaiEh Zd S 0IRUCH. The lectures
covered concepts and definitions that I perceived as very complex.



178 The negative impact of media diversity on self-regulated learning strategies and cognitive load

Fading technique

Ol'H 2etel ZojoM mE2 Zo| Zito] ZR5Hok & 528 LISl chstod
A ES F MO} In the early stages of the lecture, emphasis was placed on
understanding instructions.

Zo7t eAMoZ T-AE|HM naEH2 i LISof CHE MMM AtzE2 M AlSH
Z NICH. In the middle stages of the lectures (heart of the lectures) worked examples were
provided by the instructor.

oo HE|HA M IEH2 oa L8 2Hads 7tsE EX &4 EE FMAlSt D
AAR A E =5 5HACE In the later stages of the lectures a full problem or task was
presented with no instructional help.

Diversity

O|H 222l Z oo M L= OB E MAIE HEQ HAER MA|IE HEE M2
ZZAA|Z|7|7F 0124 R4t 1t was difficult for me to relate textual and pictorial
information to each othet.

2otel Z oo M3 E J2olLt =& STt Z 2 HE|O|C|o AIZES L7 MEES
olalist=rl 23524 Y7} £|QICH. The illustration distracted me from textual
information.

2otel Z oo N3 E HdHEES L7 & 0|Lt =& S0t 22 HE[O|C|o] RI2EES
olaliste ol @35l2d & 7F T|RACH The textual information distracted me from the
illustration.

Extraneous load

2ol ZoloflM neEo| MHR2 AP S| 5l 5HRACH: The explanations during the lecture
were very unclear.

2etQ Z oM mEol MBS S&5H7|of Ol HIZ2HA{0|RACH: The explanations
were, in terms of learning, very ineffective.

22t ZolollM nEHo| M2 et 4 E #

dt S #0|RAC}: The explanations were full of
unclear language.

Maintained situational interest

L= o] ZztollM B2 L0l ZL 50D AZEEHCE. I think what we are learning in
this course is important.

Lt= Ol ZZtolM S2E LI8E RE5HH ASE == UCtD A2 BHCl. I think what we
are studying in this course is useful for me to know.

&35 Ll L= ol 2212 ZEtolMd EE MOIUE M YHE & IRich
To be honest, I just don’t find this course interesting (reversed).

Lt O] ZfollM BHE HE Lol AME ofEH BEE 2

I see how I can apply what we are learning in this course to real life.
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Germane load

1 Zol= e FA[ol chstod Li7t & OlsHE &= U= F StRRCH. The lecture really
enhanced my understanding of the topic(s) covered.

1 Zol= s ot5of cidt Lol X|A0t O|sHE I H| B TIAIZACH: The lecture really
enhanced my knowledge and understanding of the class subject

O Zole siE motet #HE HHEES & OlsHE &= U S SHACH The lecture really
enhanced my understanding of the concepts associated with the class subject.

3 Zol= HdEolLt dBofl Chatod LH7F & Of3HE 4= ARUCH: The lecture really
enhanced my understanding of concepts and definitions.
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