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This study sought to explore if a relationship exists between cognitive load and student satisfaction with
learning online. The study separates academic performance (a.k.a., “learning”) from cognitive load and
satisfaction to better distinguish influences on cognition (from cognitive load) and motivation (from
satisfaction). Considerations that remain critical to the field of instructional design, as they apply to learning
online, are described and used to guide a review of the literature to find directions to fulfill the goal of the
study. A survey was conducted and 1401 students responded to an instrument that contained 24 items.
Multiple analysis techniques found a positive, moderate, and significant (pb .01) correlation between
cognitive load and satisfaction. Most importantly, the results found that approximately 25% of the variance in
student satisfaction with learning online can be explained by cognitive load. New constructs emerged from a
Principal Component Analysis suggest a refined view of student perspectives and potential improvement to
guide instructional design. Further, a correlation, even a moderate one, has not previously been found
between cognitive load and satisfaction. The significance of this finding presents new opportunities to study
and improve online instruction. Several opportunities for future research are briefly discussed and guidelines
for developing online course designs using interpretations of the emerged factors are made.
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1. Introduction

Current understanding of a relationship between motivation and
learning remains tenuous and incomplete. As a human characteristic,
motivation is both complex and unstable, thereby making the
establishment of a useful theory of motivation difficult (Keller, 2006).
It is interesting to note that while Abrahamson (1998) notes that media
used in distance education can be a motivator, research efforts within a
body of knowledge referred to as Cognitive Load Theory (CLT) have yet
to explore whether overload from multimedia delivery strategies has
any effect on student satisfaction. Satisfaction is considered by some a
construct ofmotivation.With leveraging technology as learning devices
or delivering instruction through online venues on the increase,
designers or instructors may be easily tempted to employ multimedia
instructional technology with negative consequences that could “…

damage learning and discourage learners” (Clark, 1999, p. 28). Such
consequences canbe the result of poorly conceivedordelivered learning
designs that fail to consider limits associatedwithmental effort. Mental
effort can be said to be the “non-automatic mental elaborations applied
to information processing or learning” (Salomon, 1984, p. 648).
Cognitive load is “the load imposed onworkingmemory by information
being presented” (Mayer, 2005, p.28). A cognitive overload can occur
when the degree ofmental effort exceeds processing capabilities, which
is the circumstance for which Clark (1999) gives warning. Extending an
understanding of how multimedia strategies affect human motivation
may improve the ability to predict dissatisfaction or negative learning
outcomes that might arise from situations of cognitive overload. A
deeper understanding should improve selection and deployment of
multimedia as learning devices, as well as improve techniques used in
designing online learning programs.

To underscore how current perception is incomplete, researchers
studying cognitive load and multimedia-based learning note the lack
of work being done to study the role of motivation and its impact on
cognitive load and learning (Astleitner & Wiesner, 2004; Low & Jin,
2009; Zheng, 2009). Keller (2006)makes a deeper point by suggesting
that recent advances in systematically designing motivation into
instruction is benefiting students whowant to learn but does not serve
students who do not want to learn. Within Keller's motivation to learn
model (i.e., the ARCS Model: Attention, Relevance, Confidence,
Satisfaction), satisfaction is the fourth principle and differs from the
other three in that satisfaction describes a targeted outcome of
learning rather than a condition for learning. The distinction between
learning outcomes and learning conditions encapsulates the unique
role satisfaction plays in designing for effective instruction. Satisfac-
tion, as a measurement, might provide insights into the effectiveness
of the instructional design, provided we more fully understand the
relationship it might have with cognition. At issue is the question of
whether satisfaction, as a construct of motivation, is related in to the
effects of cognitive load experienced during a learning event.
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How student satisfaction might be influenced by the degree of
mental effort expended to learn is not only of interest to educators in
higher education, but businesses have also raised similar questions. In
higher education, student satisfaction surveys are often given and
collected at the conclusion of a course. Similarly, businesses conduct
Kirkpatrick Level 1 evaluations (Kirkpatrick, 1959a; Kirkpatrick, 1959b;
Kirkpatrick, 1960a; Kirkpatrick, 1960b; Kirkpatrick, 1998; Kirkpatrick &
Kirkpatrick, 2005) to determine learner reactions to the design of
instruction and the learning environment in general. Businesses also
routinely conduct Kirkpatrick Level 2 evaluations that determine learning
outcomes, which mirror learning assessment strategies in higher
education. The two Kirkpatrick levels comprisemeasurement strategies
to determine satisfaction and learning. Just as thepreviously statedview
that we know too little about the role of motivation on learning (or of
the reversed role: learning onmotivation), meta-analyses exploring the
potential relationship between these two levels have been equally
inconclusive. Alliger et al. (Alliger & Janak, 1994; Alliger, Tannenbaum,
Bennett, Traver,& Shotland, 1997)find that reactionmeasures (i.e., level
1 in the Kirkpatrick framework) “…cannot be used as surrogates of
other measures. In particular, affective reactions are unrelated to other
indicators— liking does not equate to learning or performing” (p. 353).
However, later in the same article, the researchers concede the
limitation to their meta-analysis stems from “several shortcomings” of
Kirkpatrick's model that do not include “…recent developments from
areas like cognitive psychology…” (p. 354). The researchers identify the
value of future research that explores “new taxonomic models” and “…

alternativemethods of gathering reaction data” (p. 354). In otherwords,
the researchers invite an exploration of the relationship between
reaction to instruction (i.e., satisfaction) and learning.

The research presented in this article explores the possibility of a
relationship between motivation and learning by leveraging satisfac-
tion as construct of motivation and cognitive load as evidence of
cognition. The strategy taken in this study is innovative, and the
details are sufficiently complex to require two articles. In this first
article, the constructs of satisfaction and cognitive load are presented
and explained. The method of study, analysis, and findings are
presented, as well as a discussion of the results. The second article
includes a review of literature that guided the selection of a data
collection strategy, the development and testing of a new instrument,
and a discussion on the analysis results of the instrument's
effectiveness. While some readers would naturally prefer that the
details of the collection instrument to be integrated within the initial
article, as such information is critical to determining the validity and
reliability of the overall study, the author requests reader patience: a
single article approach would be too long.

As a field of practice, instructional design is the systematic
application of principles and procedures to produce quality education
and training programs that are consistent and reliable (Gustafson &
Branch, 2002), whether the instructional strategy includes print,
audio, video, lecture, local technology-based (i.e., on your computer),
remote technology-based (i.e., on another computer connected by
networking), or any combination of these, or when learning takes
place through asynchronous learning networks (ALNs). The wide
range of media options makes more complex the work of instructors
and instructional designers. Exploring the influences cognitive load
might have on student satisfaction with learning online suggests a
discussion on evaluating achievement or performance. However, that
study direction and discussion lie beyond the scope of this article:
evaluating achievement or performance will be more meaningful
following a better understanding of howmotivation and cognition are
related.

1.1. Study significance and implications

This research study explores the relationship between constructs of
motivation and cognition. Studying this relationship strengthens the
field of instructional technology, where the emphasis is in the
pragmatic. Student engagement in learning, persistence to conclusion,
predictable learning outcomes and academic achievement are just a
few of the pragmatic targets the field serves. To date, past research has
given the field two claims of concept with which this study is directly
concerned: (a) cognitive load influences student engagement,
performance, or achievement; and (b) satisfaction influences student
persistence or motivation. From these two claims, the question
whether cognitive load can be perceived as a motivator (or the
opposite condition — whether the load can be perceived as an un-
motivator) is a logical extension of research to date, while retaining
the pragmatic requirements to better explain learner behavior and
predict functional outcomes that can guide instructional design.

In a recent research study, Capan, Lambert, and Kalyuga (2009)
commented on the ambiguous nature of the relationship between
mental effort and actual cognitive load and speculated that a “…low
mental effort could be the result of low cognitive load or simply a lack
of interest or engagement in activity” (p. 156). Among their findings,
the researchers noted that “…students placed greater values on more
challenging topics or activities…” (p. 160). However, this cannot be
taken at face value as Paas, Tuovinen, Van Merrienboer, and Aubteen
Darabi (2005) previously noted that if “…learners perceive a learning
task as too easy or too difficult they may not be willing to invest
mental effort in it and cease to learn” (p. 32). The focusing thread is
that cognitive load by itself does not seem able to predict performance
or achievement without including motivation as a variable. This idea
is furthered by Colquitt, LePine, and Noe (2000)with their finding that
a “… ‘g-centric’ approach to trainability is insufficient, given the
strong effects of motivational variables over and above cognitive
ability” (p. 702).

Motivation would seem to play a significant role in studies on
cognitive load. Some researchers studyingmental effort or cognition use
motivation to explain differences in outcomes (Kanfer & Ackerman,
1989;Paas et al., 2005; Salomon,1983; Tuckman,2003). In other studies,
researchers differentiated learner orientations to explain differences in
satisfaction reactions (Steele-Johnson, Beauregard, Hoover, & Schmidt,
2000), which partly led Paas et al. to state that the “…perspective
regarding the relation between mental effort and performance is based
on the assumption that motivation, mental effort and performance are
positively related” (p. 28). This last is a large assumption and represents
one strong argument for this study by exploring whether such an
assumption has warrants. As previously mentioned, this study will not
include performance outcomes since doing so would increase the scope
while potentially diluting the focus on the relationship aspect of
motivation and cognition. Learning more about this relationship could
provide clarification to students' persistence to learn (or lack thereof)
and an indication of when students engage.

For the field of instructional technology, this study contributes to
the growing discussion on cognitive load by essentially exploring the
influence of motivation to persist when learning is difficult or
complex. Coupling satisfaction to cognitive load can provide addi-
tional guidelines on effective instructional design, while providing
deeper insight to the relationship between motivation and cognition.

The findings from this study can be used to improve approaches
for measuring student satisfaction. This studymakes two assumptions
about student satisfaction. The first assumption is that satisfaction is
intrinsically determined; however it is influenced by extraneous,
situative factors from the learning context. Factors that influence
satisfaction can remain obscured. This study seeks to reveal additional
factors that figure into the satisfaction experience. The second
assumption is that cognitive load theory can be used to study the
intrinsic factors associated with the mental work of learning, which
allows researchers to separate this type of influence from other
variables originating from the larger field of learning context.

Appropriately, this study serves the field of instructional design. As
illustrated in Fig. 1 following, we see a high-level conceptualization of



Fig. 1. A researcher's perspective of this study's support to the systematic design
process of multimedia-based and asynchronous-based learning.
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a researcher's perspective of the process of instructional design where
multimedia or asynchronous-based learning scenarios are considered
and developed.
Table 1
Types of cognitive load processing with researcher's title differences.

Processing type (Mayer) Description (Mayer & Moreno, 2003)

Representational holding Representational holding refers to cognitive
processes aimed at holding a mental representation
in working memory over a period of time.

Essential Essential processing refers to cognitive processes
that are required for making sense of the presented
material.

Incidental Incidental processing refers to cognitive processes
that are not required for making sense of the
presented material but are primed by the design of
the learning task.
Fig. 1 depicts the field and practice being guided by research
focused on supporting practitioners. Research guides design through
the development of Principles, supports the crafting of objectives and
matching assessment strategies, supports the selection and sequenc-
ing of instructional strategies, improves the choice and design of
activities and exercises, and facilitates the evaluation of the design as
to how effective the result is to achieving goals or objectives. Fitting
into this process, the rationale for this study is that a more clear
understanding of the potential influences cognitive load might have
on student satisfaction with online learning will support the field and
practice of instructional design and the eventual development of
principles. Further, the results of this studymay improve the approach
to predict student satisfaction, which in turn would support
evaluation efforts of the design solution's effectiveness. An improve-
ment in an effectiveness evaluation becomes possible by being able to
recognize the variables with the largest effect on satisfaction and
noting the nature of those variables' influence. Such influences on the
effectiveness of the instructional solution would in turn provide
strengthened feedback in a loop to improve the design process. So
stated, this rationale sets the boundaries and direction for this study.

2. Literature review

2.1. Overview of cognitive load theory (CLT)

CLT emerged from information processing theories (e.g., see
Baddeley, 1986, 2001; Cowan, 2001; Miller, 1956, 1994) and developed
and expanded substantially in the 1990s by global researchers (Paas,
Renkl, & Sweller, 2003). CLT developed into amajor theory that presents
an investigational framework for cognitive processes and instructional
design. “By simultaneously considering the structure of information and
the cognitive architecture that allows learners to process that
information, cognitive load theorists have been able to generate a
unique variety of new and sometimes counterintuitive instructional
designs and procedures” (Paas et al., 2003, p. 1).

The theory seeks to clarify the cognitive processing differences
between novices and experts (Feldon, 2007; Paas et al., 2004; Salomon,
1984; Sweller, 1988). The theoretical framework includes a categoriza-
tion of three types of cognitive load. The terminology to describe each of
the three types varies between Mayer and cognitive load theorists who
follow the work of John Sweller; however, the differences are slight. In
Table 1, the types of cognitive load processing, following the two
orientations ofMayer andSweller, are presentedwith abrief description.

One approach to describe information structure or cognitive architec-
ture is to use the concept of schemas. A schema is a cognitive construct
and represents schematically organized information for storage in long-
term memory (Sweller, 2005). The construction of schemata into long-
term memory is the result of processing within working memory
(Sweller, Van Merrienboer, & Paas, 1998). One concern CLT seeks to
address is the efficiencywithwhich information is processed inworking
memory. Learning requires engagement in cognitive processing, or
Processing Type (Sweller) Description (Feldon, 2007)

Intrinsic Intrinsic cognitive load represents the burden
to working memory inherent in the semantic
content required for a particular task.

Germane Germane load is the minimum level of cognitive
load necessary for effective instruction (intrinsic
load plus unavoidable extraneous load imposed by
pertinent situational constraints).

Extraneous Extraneous load represents unnecessary structural
or semantic content that occupies space in working
memory (i.e., an external or internal distraction).
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mental effort, but a learner's processing capacity is severely limited
(Cowan, 2001;Mayer &Moreno, 2003). Recognizing the implications of
cognitive load is necessary for anyone seeking to develop efficient and
effective instructional design. Cognitive overload (or the risk for
overload), where a learner's needed cognitive processing exceeds
capacity, must be managed to support meaningful learning while
avoiding the potential to disrupt learning.

Three assumptions form the basis of CLT: the dual channel
assumption, the limited capacity assumption, and the active processing
assumption. The dual channel assumption originates fromPaivio's (1983,
1990) dual-coding theory that includes the articulatory loop and the
visuospatial sketchpad (a.k.a., verbal and visual information processing
channels). According to the dual channel assumption, humans have
separate information processing channels for verbal and visualmaterials.
The limited capacity assumption emerges from Miller (1956, 1994),
Baddeley's (1986, 2001), and Cowan's (2001)workingmemory theories.
According to the limited processing assumption, there exists a limited
processing capacity in the verbal and visual channels. The active
processing assumption characterizes learning as requiring substantial
cognitive processing in the verbal and visual channels. The active
processes include paying attention, organizing incoming information,
and integrating incoming information with knowledge previously
acquired (Mayer, 2005). The active processing assumption is drawn
from Wittrock's (1990) generative-learning theory and Mayer's (1999,
2002) selecting–organizing–integrating active learning theory.

From Table 1, the principle idea behind representational holding/
intrinsic cognitive load is recognizing the balance between the limited
capacity of working memory and the semantic requirements neces-
sary for understanding. For learning or successful cognitive processing
to occur, there is a point where the semantic requirements are
irreducible, which means that the learner must draw from existing
schemata in long-term memory or create new schemata. Such
processing takes placewithin the limited capacity of workingmemory
(i.e., about four chunks (Cowan, 2001)). Processing for an experienced
learner will proceedmore efficiently than for the novice as the chunks
entail more associated schemata (see the dual processing theory:
Feldon, 2007; Sweller, 1988).

Essential or germane cognitive load is the level of processing
required to learn targeted objectives. Whereas representational
holding or intrinsic load refers to capacity limits for irreducible
semantic content, essential or germane load refers to the processing
requirements necessary for new material, where new can be said to
refer to the lack of pre-existing schemata. Mayer's example is to
describe a student making sense of presented material: if the material
includes unfamiliar terms or concepts, while making use of images or
sounds, the student must select, organize, and integrate all or most of
the presented material for effective learning to take place. Mayer
makes the distinction that for essential load only necessary material is
presented. When a learner considers presented material as superflu-
ous, the cognitive processing will be incidental or extraneous.

The impact of cognitive load on instructional design is significant
in three ways. For the first, the three types of load are additive (Mayer
&Moreno, 2003; Sweller et al., 1998). As a designer builds instruction,
attention must be made to the amount of processing that will take
place to manage the material since all types of load will be added and
cognitive overload becomes increasingly possible. However, given
that processing is divided into verbal and visual channels, there is the
possibility of load balancing to improve the management of overload.

For the second, the theory permits development of instructional
design principles to manage the variety of forms and situations that
create load. Clark andMayer (2007) provide some examples of principles
derived from cognitive load theory that include themultimedia principle
to support text andgraphicsuse, the contiguityprinciple to alignwords to
corresponding graphics, themodality principle to presentwords as audio
narration rather than as on-screen text only, and other principles that
address different processing concerns.
For the third, learning is an individual journey: schemata will vary
between individuals. As somematerial might be perceived incidental or
extraneous for some people, the same material might be considered
essential or germane for others. Such a consideration implies that
cognitive load theory and its derivative principles are more guidelines
for practice than absolutes.

By leveraging principles derived from CLT, evidence of cognition or
mental effort can be used in the development of a construct. Further
discussion of such a construct follows later within this review.

2.2. Overview of research on motivation

2.2.1. Theoretical foundations for studying student satisfaction
In the field of instructional design, John Keller is internationally

recognized for his contributions in the area of motivational design for
instruction. Approximately 26 years ago, Keller (1983, 1987a, 1987b,
1987c) developed his motivational design model, which he grounded in
theories of expectancy-value (DeCharms, 1968), reinforcement (Travers,
1977), and cognitive evaluation (Deci, 1975; Keller, 2006). Keller
integrated these theories by using systems analysis to explain the context
of the relationships between effort, performance, and satisfaction. The
four categories of motivational variables are attention, relevance,
confidence, and satisfaction, and from these Keller formed the acronym
ARCS. The ARCS model includes a systematic, seven-step approach to
embed motivational strategies into instruction (Keller, 1999). Each
category emerged from a comprehensive review and synthesis of
motivational concepts and research studies. Rather than preparing only
a theoretical construct, Keller focused on building the model to support
designers as they identify and solve particular challenges associatedwith
motivation and the appeal of instruction. Themodel includes strategies to
support thedesignofmaterials, teaching styles, and overall course design.
Recent empirical studies of the model confirm the model's validity
(Huang, Huang, Diefes-Dux, & Imbrie, 2006; Keller & Suzuki, 2004).

Satisfaction refers to a range of feelings, from positive to negative,
about a learner's accomplishments and learning experiences. These
feelings are intrinsic in the individual learner, are associated with an
outcome that is perceived by the individual to be fair, and are
influenced by extrinsic rewards (i.e., the situative learning context)
(Deci, 1975; Dubuc, 2009). Satisfaction functions in a feedback loop
for the awareness of potential satisfaction for particular behavior
driven by extrinsic and intrinsicmotivation (Deci, 1975). Deci's view is
that rewards may (a) be extrinsic related to drives, (b) be intrinsic
related to feelings of competence and self-determination (efficacy),
and (c) change in affect relating positively to initiate behaviors. This
view is further modified to reflect ongoing behavior changes as part of
a dynamic system. In Fig. 2 following, Deci (1975) incorporates the
dynamics of change that initiates behavior with a feedback loop.

Deci's conceptualization of satisfaction functioning in a feedback
loop explains the position taken by Song and Keller (2001) that “[m]
easures of satisfaction would normally be taken after the learners had
finished a given block of instruction; hence they would be taken less
frequently andwould bemore summative in nature unless the program
were long enough to change the incentive structures and other
satisfaction elements” (p. 8). In this perspective, satisfaction can serve
as a general measure of a learner's reaction to the influences from the
learning context and perhaps from the mental effort of learning.
Identifying the context of learning as a separate influence from the
mental effort of learning becomes useful to determine the variety and
strength of categories of influence on student satisfaction. Satisfaction,
as a construct,must include context. Hence, in the following section, the
situative context of student satisfaction is explored.

2.2.2. The situative context of student satisfaction in asynchronous
learning networks (ALNs)

It is reasonable to state that the Chickering and Gamson (1987) and
Chickering and Ehrmann (1996) Seven Principles identify a situative
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Fig. 2. A conceptual model with a feedback loop in the cognitive approach of motivation (Deci, 1975, p. 122).
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context of well-organized, effective learning environment. By following
theSevenPrinciples, educators improve the contextof their practice. But
the principles were derived to support face-to-face teaching, which is
not to say that the Principles would not apply to online practices, as
efforts by Chickering and Ehrmann have well demonstrated over a
decade. In an original report funded by the Alfred P. Sloan Foundation,
Dziuban, Hartman, Moskal, Brophy-Ellison, and Shea (2007) referred to
three independent literature reviews to guide efforts to develop a
survey instrument on student satisfaction with an assumed purpose of
modernizing the Seven Principles for online learning environments (i.e.,
ALNs): Muilenburg and Berge (2005), Sun, Tsai, Finger, Chen, and Yeh
(2008), and Lorenzo (Dziuban et al., 2007, Appendix A).

Dziuban et al. (2007) used a mixed methods research approach to
explore the space of student satisfaction within ALN environments.
The researchers took a quantitative approach by surveying 1325
students across two campuses and ran a principal component analysis
of the respondent data. The team also took a qualitative approach by
convening multiple student focus groups to capture student perspec-
tives. The derived results from each analysis were set into a table
matrix to determine correspondence, which was better than 50%. The
team identified eight dimensions, titled The Sloan Model of Student
Satisfaction in ALNs (i.e., shortened to the Sloan Model), and they are
the following:

(a) Reduced Ambiguity;
(b) Enhanced Student Sense of Value in Courses;
(c) Reduced Ambivalence;
(d) Clarified Rules of Engagement;
(e) More Individually Responsive Learning Environments;
(f) Improved Interaction;
(g) Augmented Learning;
(h) and Increased Freedom (Latitude).

One benefit of the Sloan Model is the potential to reduce the risk of
institutional bias within the survey instrument. The research approach
taken by Dziuban et al. (2007) consists not only of dimensions to
describe characteristics of student satisfaction, but the approach also
includes a procedure to extract ALN student perspectives: students draft
the questions through a guided process. Considered this way, the Sloan
Model is both structure and process, which can be used to capture the
situative context of an ALN.

2.3. Cognitive load scenarios to study student satisfaction

2.3.1. Cognitive load scenarios
From the results of a 12-year program of research, Mayer and

Moreno (2003) present five different scenarios that involve cognitive
overload in multimedia learning. The five scenarios represent
common cognitive overload situations as a mix between the three
types of processing. The five scenarios represent an authentic context
of cognitive overload. With this perspective, Mayer and Moreno
suggest five situations where researchers might expect to find
cognitive overload. Based on the dual-channel assumption and a
variety of mixes where an individual might face different load types as
processing capacity is exceeded, the work presents a unique
opportunity to study a variety of situations that might reflect the
mental effort learners experience as they process multimedia or ALN
delivered instructional materials.

In the type one scenario, learners process visual content that may be
too much, such as when a learner is watching an animation, while
following concurrent text describing what is taking place in the
animation. In the type two scenario, learners cannot process quickly
enough the combinationof visual or auditory information, such aswhen
an animation presents concepts with explanatory text at a rapid rate. In
the type three scenario, learners are faced with one or both channels
being overloaded due to the processing of essential and non-essential
information. In scenario type three, a learner might be working to learn
material, while being distracted with instructional content that is not
directly relevant to the learning objective. In the type four scenario, the
learning task reflects a similar situation to type three, but the cause of
the overload is different. Instead of having to process material that is
extraneous, the learner is processing material that is presented in a
confusing way, such as when explanatory text is not presented in close
enough proximity with the object it is describing (e.g., the legend to a
graphic is not placed where the graphic is). In the type five scenario, a
learner is required to hold too much information in memory while
trying to integrate newmaterial. In this situation, the cognitive capacity
is not enough to process the new information since capacity is reached
by holding pertinent and necessary information for understanding.

One value these scenarios provide is a means to describe situations
learners might find recognizable within their instructional experi-
ences. As these scenarios reflect reasonable opportunities that
cognitive load is exceeded, the scenarios can be used to study learners
working to manage mental effort as they strive to reach instructional
goals. A particular scenario can be evidence of cognitive load, whether
that load is managed or overloaded, and as such, the scenarios become
a tool for a learner's self-reporting of their experience.

2.3.2. Satisfaction variables and cognitive load scenarios
Satisfaction, as has been discussed, is multi-faceted due to the many

influences that play a role in its development. Satisfaction is tied to the
context of learning that spans the dimensions learners perceive as
important. The eight dimensions that comprise the SloanModel reflect a
useful framework fromwhich to derive the contextual perspective of an
ALN environment. The three components that Deci (1975) frames and
Keller (2006)employs in theARCSModel reflect contributinggoal-theory
elements that can be integrated into an overall satisfaction construct.

Mental effort, as indicated from reactions to cognitive load, is
evidence of cognition.Work done on the Information ProcessingModel
by Baddeley (1986, 2001), Cowan (2001),Miller (1956, 1994), Salomon
(1984), and Sweller (1988) forms part of the theoretical framework for

image of Fig.�2
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this study. The theoretical formulations on Cognitive Load Theory by
Mayer and Moreno (2003) and Sweller et al. (1998) direct this study's
selection and development of items for inquiry on cognitive load.
Indeed, the five scenarios that comprise the Mayer and Moreno (2003)
research reflect a useful framework from which to derive situations
where mental effort might be significant or overloaded. Using these
constructs, inquiries into a learner's reaction to cognitive load can be
made within context of an ALN environment. With this framework, a
study of a relationship between cognitive load and satisfaction is
possible. Fig. 3 followingpresents the theoretical framework used in this
research to study the relationship between the constructs of satisfaction
and cognitive load for online learning.
3. Methods

The methods for the study in the original manuscript described a
two phase approach: instrument development and final data analysis.
A discussion on instrument development is not included herein but is
covered in a follow-on article.

The study method employed data collection and quantitative
analysis. Data collection used a questionnaire delivered online and
included response items derived from cognitive load theory, student
satisfaction with learning via ALNs, and learner demographics. The
dependent variables associated with this research study are learner
perceptions of cognitive load and their perception of satisfaction to
achieve course objectives.

Study participants were college students who stated they have had
experiencewith asynchronous, online courses prior to the term the study
was conducted, who were 18 years of age or older, and who agreed to
participate in the study. Students were recruited from concurrent online
course offerings that either used a fully online or mixed mode (blended)
approach.Working closelywith the Center for Distributed Learning at the
institution where the study was conducted, course instructors were
approached to request their participation. The only effort required of
participating faculty was to permit solicitation of student participation
through theALN infrastructure. A solicitationmessagewasdevelopedand
delivered through the ALN, which included a link to the survey
instrument. The survey environment permitted multiple access (i.e., a
student can save his/her unfinished survey and return later when
convenient), while guaranteeing anonymity. Further, the survey envi-
ronment supported export to statistical analysis packages, such as SPSS.
Fig. 3. Conceptual framework illustrating the relationship between major
The final instrument was administered and a sampling of 1401 students
was collected.

Following a review of the literature, the developed survey
instrument included three major sections: (a) a subscale to represent
the cognitive load construct; (b) a subscale to represent student
satisfaction, which included two subscales — one for the context of
online learning and the other for goals–rewards; and (c) respondent
demographics. The final instrument was delivered to students in an
online format andwas integrated into current, on-going courses (with
the participation of course faculty). The data collection period covered
approximately three weeks in the beginning of the final third of the
academic term.

Among the analysis procedures completed, this article includes the
following: (a) alpha reliability; (b) correlation of satisfaction and
cognitive load total scores; and (c) factor analysis of the instrument
using Principal Components.

4. Findings

A Cronbach's Alpha reliability (α) analysis on all three scales
yielded a combined coefficient of .82. The reliability coefficient for the
cognitive load scale, based on standardized items was .49. The low
value of the coefficient for this scale indicates items within the
subscale require improvement. While the alpha reflects a low to
moderately acceptable reliability, the low value should not detract
from the scale's intrinsic value, since this possibly represents the first
reliability coefficient for a reaction scale of cognitive load experienced
from mental effort for learning.

The reliability coefficient of the satisfaction for the context of
learning subscale, based on standardized items, was .79. The coefficient
reflects an acceptable indication of scale reliability. The reliability
coefficient for the satisfaction goals–rewards scale, based on standard-
ized items,was .71. Aswith the Satisfaction Context scale, the coefficient
reflects a moderately acceptable indication of scale reliability.

A significant, moderate correlation (r=.5, pb .01) was found
between Satisfaction (both scales: context plus goals–rewards) and
Cognitive Load (full scale). The finding indicates there is a moderate
relationship between satisfaction and cognitive load. Further, r2=.25
indicates that the constructs share 25% common variance. One
interpretation of the shared variance is that 25% of student satisfaction
with online learning is explained by cognitive load, while the large
remainder is explained by other variables. The moderate relationship
variables under study and key theoretical and empirical foundations.



Table 2
Factor analysis — Principal Components — Pattern Matrixa.

Factors
item

Awareness Challenge Engagement

Be able to track progress (7.3) .66
Clear directions in syllabus and assignments (7.1) .63
Believe communications must be respectful (9.4) .59
Organize presentation to reduce high memory (5.2) .55
Easy to find answers (7.2) .55
Organize visual materials to reduce scanning (4.2) .53
Set goals based on future satisfaction (12.2) .52
Need due dates throughout course, not all due at end (10.4) .43
More satisfied when more challenged (12.4) .73
Overall, more satisfied when I put in a lot of effort (13.1) .68
When challenged, satisfaction is its own reward (12.3) .61
Include extra material (3.1) .57
Presentation requiring high memory is ok (5.1) .55
Want to go beyond required assignments (10.1) .48
Train to manage high memory presentations (5.3) .43
Be able to communicate with others in course (8.2) .74
See relevance to major field of study (8.1) .60
Need assignment options (10.2) .59
Believe active communications, discussions, or debates are necessary (9.3) .55
Require instructor's feedback, advice, or guidance (7.4) .54
Need opportunities to develop own solutions for assignments (10.3) .51
Need to be motivated to participate (9.1) .48

Extraction method: Principal Component Analysis. Rotation method: Promax with Kaiser Normalization.
Numbers within parentheses are instrument item numbers.

a Rotation converged in 6 iterations.

Table 3
Factor Correlation Matrix — Principal Component Analysis.

Factor Awareness Challenge Engagement

Awareness –

Challenge .00 –

Engagement .32 .31 –

Extraction method: Image Factoring. Rotation method: Promax with Kaiser
Normalization.
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finding permits a provisional rejection of the null hypothesis:
provisional because of the low reliability of Cognitive Load subscale.

A factor analysis produced three factors as shown in Table 2
following, Factor Analysis — Principal Components–Pattern Matrix. The
eigenvalues of the item correlation matrix were graphed using a Scree
Plot. The results produced an obvious break at three factors, so those
dimensions were retained for rotation (Cattell, 1966).

The Principal Component Analysis provides a means to reduce the
items into a smaller number of latent variables. Setting a minimum
value of .40 for salient pattern coefficients from theprincipal component
analysis table, and identifying all items with equal or greater to that
minimum value, produced the underlying components across three
groups.

The pattern matrix suggests that the first group reflects variables
associated with becoming aware of criteria for success in an online course.
Being able to trackprogress, access to clear instructions,finding answers,
and havingmultiple due dates for assignments seem to project students
adjusting their strategies and priorities for learning from their
performance in tact with course requirements. These ongoing adjust-
ments originate from their awareness of course conditions and
individual performance.

Two cognitive load items are incorporated into this construct: one
having to do with the intrinsic complexity of the material, and the
other with incidental load created by requiring visual scanning to
understand material. Finally, one goal–reward item is a member of
this construct: setting goals based on future satisfaction. These three
items strengthen the construct's reflection of student awareness with
course conditions. The cognitive load items reflect student interests to
be able to work material efficiently without unnecessary mental
effort. Setting goals based on future satisfaction serves awareness by
tying level of necessary effort spent on current course conditions with
expectations of suitable rewards.

The second pattern suggests the definition of challenge or the degree
of effort to complete course requirements. Two cognitive load items,
presentation requiring high memory and being trained to manage high
memory presentations, balance effort with preparation for that effort.
Including extra material and being able to push beyond required
levels of performance on assignments further reflect the importance
of incorporating challenge into the construct. Finally, the three goals–
rewards items tie satisfaction levels with levels of challenge.

The third pattern suggests elements to support engagement. Varieties
of communication forms, such as peer to peer, active discussions or
debates, and with the instructor, reflect common ways students
perceive engagement in a course. Course relevancy with major field of
study, assignment options, and opportunities for own assignment
solutions extend the concept of engagement through connections with
larger goals and the option of taking ownership of the work produced.
The final item, needing motivation to encourage participation, also fits
the concept of engagement. Students will not engage if there is no
motivation — optional assignments are often ignored.

In Table 3 following, Factor Correlation Matrix — Principal
Component Analysis, the correlation between factors is presented.

While the correlation between Awareness and Challenge is zero,
there is a positive correlation between Awareness and Engagement and
between Challenge and Engagement. Interestingly, this would seem
intuitive. Being aware of course conditions and performance should
influence engagement, and a challenge that is properly set should
positively influence engagement. Possibly the zero correlation
between Awareness and Challenge reflects two aspects of the same
construct.

5. Discussion

As noted in the introduction, satisfaction is a complex construct. In
this study, the construct is designed to explain student perceptions
with online learning. The construct contains two major components:
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the context of learning and the goals–rewards associated with
learning. The context of learning component was derived using the
Sloan Model, where students contributed through a blind, iterative
cycle to conceptualize elements within eight dimensions. The goals–
rewards component was derived using Keller's ARCSmodel and Deci's
(1975) cognitive approach of motivation. The two scales assembled
(i.e., “satisfaction (all)”) comprise twenty-one items. The two
components thus assembled represent the richness of the situational
context of online learning with Deci's perspective of satisfaction as
extrinsic and intrinsic motivator.

From the Principal Component Analysis, three factors were found,
whichwere subsequently labeled awareness, challenge, and engagement.
These factors represent a reduced organization of items from the
satisfaction scale and the cognitive load scale. As previously described,
the factor labeled Awareness includes eight items. These items were
suggested as describing how students in online learning programs rely
on particular elements in an online course to stay informed of
requirements and of their performance within the scope of the course.
This grouping would seem to mirror findings by Shea, Fredericksen,
Pickett, and Pelz (2004)where both quantity and quality of interactions
between instructor and students and between students were found to
show a correlation between student satisfaction and reported learning.
These interactions could be inferred as students receiving and sharing
feedback to maintain performance within ALN environments.

The information sought and shared between Shea et al.'s (2004)
students in the study supports the construct of awareness of
performance requirements with actual performance. From this
study's analysis, the eight items that fall into the awareness group
follow and are listed in order of greatest effect. It is important to
remember that the items reflect the student's perspective, not the
instructor's. These are areas within an online course in which students
are most focused. With each item is an interpretation intended to
guide an instructor or instructional designer.

1. Be able to track progress: Ensure that students are able to track their
expected performance (i.e., what is due, when, etc.) and actual
performance (i.e., assignments received, perhaps with some confir-
matory message, grades or points, etc.) within reasonable frame of
time. Students expect timely feedback, and the timeliness influences
satisfaction.

2. Clear directions in syllabus and assignments: Use a simple approach
when developing syllabus explanations for required or expected
performance, as well as when developing assignment instructions.
Students are looking for clarity, or unambiguous directions, for
how to succeed in the course.

3. Believe communications must be respectful: Keep all communica-
tions respectful and demand all students to do likewise. The nature
of ALN coursework suggests that theremay be opportunities where
students feel theymay communicate differently than theywould in
a face-to-face situation. This item may have originated from a lack
of enforcing online etiquette.

4. Organize presentation to reduce high memory: When presentations
are designed for online delivery, consider student-level memory
requirements for processing salient points. These points might be
exemplified with the following questions. What assumptions are
being made regarding requisite knowledge to comprehend the
presented material? Are students required to jump between
information “pages” to assemble critical facts to learn thematerial?

5. Easy to find answers: What are the key questions students have
regarding your course? Most of the key items students want to know
always remain the same. “What must I turn in and when?” “Will the
assignment be graded?” “How will this work be graded?” If a course
includes some unique elements that differ from other courses, then an
instructor should harvest such questions that will arise and integrate
these into the location within the course where students will ask the
questions.
6. Organize visual materials to reduce scanning: When designing
material for presentation in ALNs, ensure that students do not
need to visually scan material to find the meaning of the
presentation. Integrate legends or other explanatory elements
into the design so that they are placed where they will be needed.

7. Set goals based on future satisfaction: Students will set their goals
based on expectations of satisfaction. Therefore, instructors should
design from this premise. If there is no satisfaction to be found in
performing an activity, students will not likely engage. If the activity
is complex and requires significant effort, use a rich assessment
strategy, such as rubrics, with appropriate assignment of points or
grades.

8. Need due dates throughout course, not all due at end: Students look for
currency in the reports of their progress through a course. Therefore,
students look for multiple check points to communicate their
progress. This might be achieved by breaking large assignments
into steps or components.

The factor labeled challenge includes seven items. From this
analysis, the items that fall into the challenge group follow and are
listed in order of greatest effect:

1. More satisfied when more challenged: Students find greater
satisfaction where there is some challenge. Challenges need to be
relevant and appropriate. Students who find little relevancy with
tasks in a particular course would be little interested in large
challenges as their satisfaction expectations will be less than for
students where the subject matter has greater relevancy. The
design should incorporate a degree of certainty for overcoming the
challenge if the performance details are clearly communicated.

2. Overall, more satisfied when I put in a lot of effort: Similar to the
foregoing item, students perceive a connection between effort and
satisfaction. The instructional design should incorporate an
environment to permit a high level of effort being made within
the course timeframe. Design a realistic schedule to support
sustained, high levels of effort.

3. When challenged, satisfaction is its own reward: Students recognize
the intrinsic value of challenges: to some degree, completion of a
challenging assignment will in itself be satisfying. An instructor can
leverage this recognition through careful design. Plan the chal-
lenges for student success, as long as required effort is made. Assess
carefully and richly by using rubrics when possible. Communicate
clearly and timely.

4. Include extra material: Students will expect extra material to learn
or review in the fulfillment of challenging assignments. Items four
and six in the challenge factor fit together. If a challenging
assignment is given, ensure that the instructional design includes
resources to support the student(s) who engage in work beyond
stated requirements.

5. Presentation requiring high memory is ok: Students will accept high
memory requirements for presentations when they are trained to
manage such processing requirements. Items five and seven in the
Challenge factor fit together. If learning requires that students must
keep a lot in mind to understand, then plan to train students how
this might be achieved.

6. Want to go beyond required assignments: Same as item 4 above.
7. Train to manage high memory presentations: Same as item 5 above.

The final factor labeled engage also includes seven items. From this
analysis, the items that fall into the engage group follow and are listed
in order of greatest effect:

1. Be able to communicate with others in course: Students feel it's quite
important to be able to communicate with peers within ALNs.
Students dislike the feeling of isolation inherent with online
learning environments. Incorporate communication into the
course design and support opportunities where salient communi-
cations take place.
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2. See relevance to major field of study: Students look for relevancy in
all aspects of a course, as well as the larger view of academic
programs. If a course isn't relevant to a field of study, students will
have a different perspective regarding engagement in the entire
course. If activities within a course are relevant to learn the
material, students will have a positive perspective regarding
engagement. Instructors and instructional designers should con-
sider all activities for a degree of relevancy to the immediate topic,
as well as for hierarchically higher levels, such as course module
and the entire course. Assess activities using relevancy as a
criterion to determine scoring.

3. Need assignment options: Opportunities for assignment options are
regarded as valuable to students. Students look for options, and it's
possible that the availability of options support engagement.
Instructors and instructional designers should provide options to
assignments to present variety. Considered another way, the
presentation of variety not only promotes interest, the options
may appeal to student preferences and experiences.

4. Believe active communications, discussions, or debates are necessary:
As part of item one, students perceive that learning through
active communications in a variety of forms is preferable to
studying in isolation. Where possible, instructors and instructional
designers should find and employ strategies that leverage active
communications.

5. Require instructor's feedback, advice, or guidance: Students consider
instructor feedback as a required element to their learning in ALNs.
Instructor feedback can take many forms; however, students
consider advice or guidance as valuable. In ALNs, instructors might
consider multiple means by which students access instructors for
feedback.

6. Need opportunities to develop own solutions for assignments: Fitting
with item three, students look for opportunities to take ownership
of assignments. This item reflects students looking to be more
involved with their learning. Allowing students some opportunity
to direct the design of assignments returns some control over
learning back to students and permits students to set their own
standards (Astleitner & Wiesner, 2004). This approach follows a
student-centered learning paradigm, where the instructor facili-
tates learning opportunities.

7. Need to be motivated to participate: Students need motivation to
participate. If the motivation is missing or absent, students will
tend to not participate. Motivation to participate will originate
from all of the items within the engagement factor.

6. Conclusions

Follow-on research in the area of cognitive load, student satisfaction,
and learning is rich with opportunities. A natural next step in
researching this topic will be to explore academic performance within
the relationship framework of cognitive load and satisfaction. At the
start, performance, or indications of learning, was separated from the
study's scope. With an improved understanding of cognitive load and
satisfaction, future studies should look for a relationship between
academic results and the cognitive load–satisfaction framework.

The cognitive load scale needs to be improved. The alpha reliability
indicates some disparity with item interpretation. The items reflect
concepts that may be conceptually difficult to comprehend or present
a common tendency for differences in interpretation. While a great
deal of care was taken in the crafting of items, and the items were
reviewed by experts, the scale retained some weaknesses that
resulted with a reliability score of .49. There are several candidate
explanations for this low score. Item interpretation, as mentioned, is
an obvious candidate for further inspection and testing. Another
explanation could lie with the participating audience. In this study,
participants were solicited who were currently enrolled in courses
being taught online. The distinction between course types, such as
mixed or blended, web only, and streamed video, was not used to
control study parameters. All online course experience was wel-
comed. It remains plausible that item interpretation of the scales was
not uniform across online course types. To improve the items in the
construct, a semantic review is a natural next step, where the review
would include a deeper examination of how each item correctly
addresses the representative scenario described by Mayer and
Moreno (2003). Then, items should be pilot-tested for conceptual
and interpretative reliability, as well as account for the type of online
course experience.

With an overall goal of improving the reliability of the scale, future
studies using a modified scale yield improvements to the constructs
derived through factor analysis and from subsequent regression
analysis. As previously stated, the .49 reliability coefficient for the
cognitive load construct remains unique as a one-of-its-kind scale.
From this perspective, while the findings suggest weak reliability, the
coefficient can be provisionally accepted as a new scale provided
follow-on efforts to improve the coefficient are made.

Another opportunity is to employ formative or design-based
research techniques that test the general method of sampling and
analysis to identify necessary instructional adjustments for circum-
stances within higher education in different geographic areas. Also,
the working world of business is not beyond the scope of benefitting
from techniques and approaches identified through this study, since
training remains a steady need as procedures and technologies are
constantly changing, and since an increasing portion of training
leverages multimedia or online delivery infrastructures.

The starting point of this study was the reflection that cognition
andmotivationmay be in someway connected, and that research that
focuses on learning outcomes should wait until the cognition–
motivation relationship is better understood. From this study of
online learning, it has been shown that cognitive load and satisfaction
have some form of relationship. Studying student satisfaction data
(where the construct is enhanced to include reactions to situations
requiring mental effort) tells the instructor, instructional designer,
administrator, or researcher more about the student experience. With
judicious use of the tools and analytics described in this study,
instructional designs can be reviewed for mismatches where
cognitive load is exceptional or unnecessary, or perhaps necessary
but inappropriately prioritized from a student's perspective.
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Commentary

The crucial role of cognitive processes in the
design of dynamic visualizations

Paul Chandler �

School of Education, University of New South Wales, Mathews Building, Sydney, NSW 2052, Australia

The development of new technologies allows for endless instructional possibi-
lities in terms of dynamic visualizations for learning. The widespread use of PC
technology and more recently web based and e-learning instructional platforms has
led to highly dynamic and interactive instructional packages that can be easily
accessed by many learners simultaneously. However, despite this seemingly endless
potential and unbridled enthusiasm for technology based instruction, there is little
empirical evidence to indicate that the widespread use of dynamic visualizations
has resulted in any substantial benefit to learners. This situation is probably best
summarized by Lowe (2004) in his discussion of the proliferation of internet based
animations (a very popular form of dynamic visualization). He notes that ‘‘. . . this
explosion in the use of animation is occurring well in advance of adequate research
based accounts of how people cognitively process and learn from such resources’’
(Lowe, 2004).

Instructors have frequently made the crucial mistake of allowing technology to
generate the learning experience rather than using our growing knowledge of cog-
nitive processes to guide us in how we can best utilize technology for instructional
purposes. Fortunately, this situation is slowly changing. Researchers are starting to
make major inroads with respect to our understanding of human cognitive archi-
tecture and processes and how this knowledge can best be used to design effective
dynamic visualizations (Kalyuga, Ayres, Chandler, & Sweller, 2003; Kirschner,
2002; Lowe, 2003; Mayer, 2001; Mayer & Chandler, 2001; Mayer & Moreno, 2002;
Ploetzner, Bodemer, & Feuerlein, 2001; Sweller, 1999; van Merriënboer, Schuur-
man, de Croock, & Paas, 2002). The papers contained in this special issue rep-
resent a very significant addition to the research base on cognition and its
implications for technology based instruction. Before commenting on the new and
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viable approaches to dynamic visualizations discussed in this issue, I will briefly
summarize the cognitive structures and processes that are central to the research in
this area.

As discussed, it has been clear for some time that any approach to instruction
that ignores cognitive processes is likely to be deficient. Extensive research has con-
sistently shown that the role of working memory and long term memory and the
interaction between the two structures plays a crucial role in learning. Instructional
techniques not only need to be sensitive to the severe processing limitations of
working memory but also should give due consideration to those activities that will
direct resources to the construction and transferability of knowledge held in long
term memory. Three sources of cognitive load can be imposed on learners when
studying dynamic representations (Kirschner, 2002; Sweller, van Merriënboer, &
Paas, 1998; van Merriënboer et al., 2002). Intrinsic cognitive load is a function of
the complexity of a dynamic visualization as well as a learner’s prior knowledge
(see Sweller & Chandler, 1994). Extraneous cognitive load is determined by how a
dynamic visualization is presented to learners or the activities required of learners
that are not directly related to learning. Germane cognitive load is generated by
mental activities that are directly relevant to the construction and automation of
knowledge in long term memory. The remainder of this paper will address the
major findings of the research contained in this special issue and their implications
for the presentation of dynamic visualizations.

Bodemer, Ploetzner, Feuerlein, and Spada (2004) examined methods of improv-
ing dynamic visualizations not only by reducing extraneous load but also inducing
germane cognitive load by utilizing interactive activities that are directly related to
learning. Specifically, they confirmed that integrated instructional formats (Chand-
ler & Sweller, 1991, 1992), where diagrammatic and textual aspects of dynamic
visualizations are presented in a physically integrated format were superior to con-
ventional dynamic visualizations which display text and visual components separ-
ately. Integrated instructional packages can aid learning by reducing extraneous
load on working memory. The authors also demonstrated that having learners
engage with dynamic representations, by allowing them to actively integrate sym-
bolic and static versions of pictorial representations, also led to significant
improvements in learning. It should be noted that the interactive exercises involved
in the Bodemer, Ploetzner, Feuerlein, and Spada (2004) study were designed only
to increase germane cognitive load and therefore the exercises were directly related
to learning. Highly interactive learning environments are not always beneficial to
learning (e.g., Sweller & Chandler, 1994). Very frequently, interactive computer
based exercises involving dynamic visualizations induce heavy extraneous cognitive
load by requiring learners to engage in extensive activities quite unrelated to learn-
ing. The huge numbers of multimedia instructional packages that consist of endless
highly interactive exercises do little but cognitively overload learners and are of
limited instructional use. In short, interactive activities will be useful if they are
specifically related to learning and also take into account the knowledge base of
the learner (Kalyuga et al., 2003).
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A great deal of the research in the area of dynamic representations has been con-
ducted using animations. Mayer and his colleagues have been very influential in
this area and have provided research based instructional guidance on how we can
best utilize animations to take into account the cognitive processes of the learner
(for a summary see Mayer, 2001; Mayer & Moreno, 2002). More recently, Lowe,
1999, 2003) has taken the field a step further by exploring how different animations
can fulfill their instructional potential without overloading the processing limita-
tions of learners. Lowe (2004) allowed learners to utilize a very flexible interactive
facility to more closely examine changes in complex weather pattern systems. How-
ever, domain novice users found the facility to interact with and interrogate anima-
tions quite unhelpful. Since the learners did not have sufficient background to
know what aspects of the animation required further interrogation, they engaged
in unsophisticated interactions with the animation and did not extract essential the-
matic information. The author concluded that animations need to be carefully
designed to address processing considerations if meaningful learning is to occur.
This work is very much in accordance with work by Mayer and Chandler (2001).
Using storm formation animations they found that allowing the user to simply
control the amount of information presented in an animation (by examining indi-
vidual frames separately) could result in lower processing loads and improved
learning. The work of both of Mayer and Lowe has demonstrated that animations
can be very useful educational tools provided they are designed with sensitivity to
the processing limitations of working memory and the experience of the learner.

Hyperlinked videos represent a rapidly growingly method of presenting complex
dynamic visualizations. Hyperlinked videos consist of digital videos which are
interconnected with hyperlinks ,which are freely available to learners throughout
the instructional experience. Learners may access through hyperlinks further useful
information such as a photo or text related to the video presentation. Zahn, Bar-
quero, and Schwan (2004) note that while the technology is being widely used by
instructors there are few cognitively based guidelines by which to effectively struc-
ture hperlinked videos. By combining Mayer’s temporal contiguity principle (see
Mayer, 2001) and aspects of cognitive load theory (Chandler & Sweller, 1991), the
authors compared four hyperlinked video presentations with a control video pres-
entation that contained no hyperlinks. The authors predicted that presentations
that implemented hyperlinks, which ensured spatio-temporal contiguity (thus
reducing temporal split attention) would be advantageous to learners. Unfortu-
nately, the study revealed no significant differences in terms of knowledge acqui-
sition or learner preference between the five instructional groups. However,
correlation analyses indicated that a more frequent use of the interactive video
function and therefore more active participation by users led to a higher under-
standing of the instructional material. While encouraging, there is clearly a need
for further research to examine the cognitive factors that are involved in complex
interactive video presentations.

Schwan and Riempp (2004) examined the conditions under which user inter-
activity could assist the acquisition of knowledge. The authors compared
traditional non-interactive with interactive video instruction using knot tying mate-
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rials. Interactive participants could utilize the stop, replay, reverse and speed func-
tions to interact with video presentations. As with the Mayer and Chandler (2001)
studies, the opportunity to control and interact simply with dynamic representa-
tions allowed for the more rapid acquisition of knowledge by controlling the flow
of instructional information. The authors concluded that as long as interactive
activities do not over burden cognitive load, interactive videos can result in more
effective learning. Rieber, Tsang, and Tribble (2004) also examined the usefulness
of interactive dynamic representations using computer based simulations with
science materials. Utilizing dual coding theory (Paivio, 1990), the authors demon-
strated that interactive instructional procedures which encourage referential proces-
sing led to a deeper understanding of science principles.

Ainsworth and Van Labeke (2004) make the important distinction between the
terms dynamic representation and animation which are often mistaken as synony-
mous by many in the field of instruction. The authors propose three methods of
representing phenomena that change over time. They are time-persistent, time-
implicit and time singular representations. All three representations have different
consequences for processing limitations with time persistent and time implicit
representations usually being more complex than time singular representations.
Using population density simulations the authors assert that all three types of
dynamic representation have distinct advantages over static representations. The
implications of this work raise issues that hopefully will be addressed in future
research. For example, which types of dynamic representations best support lear-
ners and how can they be combined to result in enhanced understanding of
dynamic visualizations?

It is clear from the above discussion that the design of dynamic visualizations
requires an appreciation of the cognitive mechanisms that underlie complex
thought. Instruction that is obivious to cognitive factors is likely to be deficient
and unhelpful to learners. The research presented in this issue demonstrates that an
appreciation of the cognitive factors can result in more flexible and effective meth-
ods of presenting dynamic visualizations.
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ABSTRACT
The use of World Wide Web (WWW/Web) as a teaching and learning tool is now

rapidly expanding into education. Web-based learning is one of the newest tools for edu-
cation and other related fields. However, the Web is a confusing technology for beginning
computer users because it can be used in so many different ways. Thus, if there is a mis-
match in the use of the Web for learning, it can lead to loss of the leamer's attention, bore-
dom, information overload, and frustration. In order to employ Web-based learning in an
appropriate way, the authors offer five different views of considerations that take into
account the constructivist paradigm. These five considerations include pedagogy. instruc-
tional structure, interaction, technology, learners' characteristics.

Keywords: World Wide Web, constructivism, instructional structure

INTRODUCTION
Development of Web-based learning has started a revolution in instructional

design that is providing new opportunities for education. Instructional design for
educational purposes is the systematic design of teaching and leaming environ-
ments as well as instructional systems. Instructional design may include various
facets of didactic methods (such as direct instruction, self-instructional text-
books, and instructional video), and media (such as computer based training,
interactive multimedia, Web-based learning, and elements of distance leaming)
(Gros, Elen, Kerres, Merrienboer, & Spector, 1997). In the wake of the wide
application of the Internet, the Web has become more popular for educational
instruction. Within the context of K- 12 or higher education, instruction designers
are usually asked to evaluate whether instructions designed for Web-based envi-
ronments are at least as successful at fostering students' leaming as are class-
room teaching techniques used on campus.

In general, constructivist approach focuses more on problem solving and
thinking skills. Additionally, it also emphasizes the learners ability, to solve real-
life and practical problems. Based on human cognition, the innovation educa-

309



310 / Shu-sheng Liaw

tional computer programs, like Web-based learning, can be developed construc-
tivist paradigm. If we employed Web-based learning in appropriate ways, it is a
revolutionary tool for education. However it is a confusing technology for
beginning computer users because it can be used in so many different ways.
Thus, if there is a mismatch in the use of the Web for training, it can lead to loss
of the learner's attention, boredom, information overload, and frustration (Berge,
1998). So one challenge, for those designing Web-based learning environments
is to seriously consider which developing method will best enhance the presen-
tation of information for learners and faculty Thus, the purpose of this study is
to offer considerations when developing Web-based learning that is based on
constructivist approach.

THE CHARACTERISTICS OF WEB-BASED ENVIRONMENTS
The characteristics of Web-based environments should be addressed before

developing a Web-based learning. In general, Web-based environments possess
the following five characteristics (Liaw & Huang, 2000):

First, Web-based systems offer a multimedia environment. The information in
the Web-based systems can be simultaneously represented in any combination of
media format, such as text, image, graphic, sound, voice, and animation. Khan
(1997) stated that a Web-based leaming course could be designed to address all
students' learning styles by incorporating a variety of multimedia.

Second, Web-based systems integrate various kinds of information and con-
struct information bases. The multiple mixed-media nodes in a Web system can
be instantly called up in a consistent manner, irrespective of the structure of the
information or resources (Yang, 1996). In Web-based systems, several search
engines, such as Yahoo, Excite, AltaVista etc., that are integrated with the Web
can quickly and easily access information.

Third, Web-based systems support interactive communication. Generally,
users of the Web have full control over their own learning situations and this
high level of interaction gives users dynamic control of information (Liaw,
1999). Essentially, learner interface interaction addresses the relationship
between the learners and the technology that is being used to access instructional
materials and to communicate with the instructor and other learners. In Web-
based learning, interaction is not just to select simple menus or to click objects
on the screen. Instead, the interaction should involve complex activities by the
learners, such as engaging and reflecting, annotating, questioning, answering,
pacing, elaborating, discussing, inquiring, problem solving, linking, construct-
ing, analyzing, evaluating, and synthesizing (Berge, 1999). Khan (1998) also
stated that learners in Web-based environments could interact with each other,
with instructors, and on-line resources by Internet tools, hyperlinks, browsers,
and authoring programs.

Fourth, Web-based systems support networks to access information. Starr
(1997) noted that a Web-based system went beyond static Web pages and page
linking, by creating truly interactive networks with information exchange
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between users and servers. The Web can be a loose term for presentations con-
taining more complex arrangements than the traditional linear text and is already
widely acknowledged to be a promising teaching and learning tool. This nonlin-
ear and random-access network offer a new direction rather than the conven-
tional step-by-step concept. The multi-linkages within, between, and among the
nodes as a network permit the nonlinear organization and reorganization of the
nodes and allow for multiple dimensional navigations through a body of data.
Indeed, the three-tier Web-based database systems could offer more flexibility
for the nonlinear and random information networks.

Fifth, Web-based systems provide a cross-platform environment. A cross-
platform means Web systems that can be executed independently on various
computer operating systems. Starr (1997) stated "The cross-platform distribution
of the Web means that the designer of computer-based instruction (CBI) no
longer has to worry about producing separate versions of a program for Macin-
tosh, DOS, and Windows." (p.9). In the Web, information and resources from
around the world can be accessed by anyone from anywhere in the world as long
as she/he has a computer with an intemet connection. Based on this open stan-
dard cross-platform, the Web allows anyone in the world to create and post Web
documents using common script language, such as HTML, Perl, and standard
Internet Protocol (IP) addresses (Khan, 1998).

CONSIDERATIONS FOR DEVELOPING WEB-BASED
LEARNING

Technology-supported instruction has been traditionally more suitable to step-
by-step development processes. Recently, researchers started arguing that the
use of the Internet and Web for delivery of instruction has revolutionized the
behaviorist approach and allowing more space for constructivist approach.
Although developmental models using the Intemet/Web given the possibilities
for instructional design, some considerations need to be addressed in order to
employ Web-based leaming in an appropriate way (Liaw, 2000). This paper pro-
poses five considerations in developing Web-based leaming environments such
as Web-based virtual textbooks or coursewares that could be taken into account
the constructivist paradigm. These considerations are highlighted in Figure I and
detailed in the following sections. These five considerations include: pedagogy,
instructional structure, interaction, technology, and leamers' characteristics. Fig-
ure I presents the concept of building constructivist Web-based learning based
on considerations.

Pedagogy consideration
The main purpose of pedagogy consideration is to design an effective leam-

ing environment. Two general rules in this consideration are: define and describe
the learning domain, and define the learning models for each purpose. In gen-
eral, Web-based learning, like traditional learning, should define its grade level,
subjects, and purposes. Additionally, in any teaching model, based on educa-
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tional theories such as behaviorism or constructivism, the levels of teacher-con-
trol, guided-teacher-control, student-control and group-control that is desired
regarding each activity (Berge, 1998),

FIGURE 1. BUILDING CONSTRUCTIVIST WEB-BASED LEARNING
BASED ON CONSIDERATIONS

_ _ _ _ _.... .......... .---..-..-_ _ .A. ............. ......... ................ ..........

Constructivist learning environments:
* Cognitive constructivism.
* Social constructivism.
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* Multimedia environment. Building
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* Interactive communication. Web-based
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Constructivist leaming environments
Constructivist models of computer programs have emerged from the work of

such developmental theorists as Jerome Bruner, Jean Plaget, and Lev Vygotsky.
One strand might be called cognitive constructivist. It states that learners con-
struct their own knowledge of the world through assimilation and accommoda-
tion. Another strand might be called social constructivist. It places more
emphasis on the social context of learning (Maddux, Johnson, & Willis, 1997).

Actually, the focus of constructivism is not unique to psychology; instead, it
has roots in several areas, such as linguistics, society, and philosophy (Ornstein
& Hunkins, 1998). Essentially, individuals actively construct knowledge, within
social realms that serve to shape the very knowledge constructed. Construc-
tivists believe that the task for leamers is not to passively accept information by
mimicking the wording or conclusions of others, but instead to encourage them-
selves in internalizing and reshaping or transforming information through active
consideration (Brooks & Brooks, 1993). Up to this point, meaning is imposed on
the world by those who reflect and those who think about the world. But since
people view reality differently from the same vantage point or bring identical
personal histories to the process of learning and thinking, there can never be
total agreement as to the outcome.

While the cognitive constructivist approach focuses on problem solving,
thinking skills and learning strategies, the theory of social constructivism
emphasizes the student's ability to solve real-life, practical problems. Social
constructivism is not unique to psychology. Indeed, it has roots in several areas,
including linguistics, sociology, and philosophy. Constructivists tend to focus on
projects that require solutions to problems rather than on instructional sequences
that requires learning of certain content skills. The job of teachers in this theory
is to arrange for required resources and act as a guide to students who formulate
their own goals and teach themselves (Roblyer, Edwards, & Havriluk, 1997).

Jonassen (1994) described seven characteristics of Constructivist Learning
Environments (CLEs): first, CLEs provide multiple representations of reality.
The multiple representations avoid oversimplification and represent the com-
plexity of the real world. Second, CLEs emphasize knowledge construction
instead of knowledge reproduction. Third, CLEs emphasize authentic tasks in a
meaningful context rather than abstract instruction out of context. Fourth, CLEs
provide learning environments such as real-world settings or case-based learning
instead of predetermined sequences of instruction. Fifth, CLEs encourage
thoughtful reflection on experience. Sixth, CLEs enable context-dependent and
content-dependent knowledge construction. And seventh, CLEs support collabo-
rative construction of knowledge through social negotiation, instead of competi-
tion among learners for recognition.

Instructional structure consideration
In well-structured instruction, the instruction should be presented in small

steps so that one point can be mastered at a time, providing various examples of
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the new skills or concepts, modeling of the learning task or giving narrated
demonstrations, avoiding digressions, and re-explaining difficult points. How-
ever, the use of well-structured instruction should be preceded by effective diag-
nosis of students' knowledge or skills to be sure that they have the prerequisite
knowledge or skills to achieve high levels of instructional materials. In contrast,
the use of ill-structured instruction can help learners have opportunities to
develop complex cognitive skills, like attaining an understanding of important
elements of conceptual complexity, the ability to use acquired concepts for rea-
soning and inference, and ability to flexibly apply conceptual knowledge to
novel situations (Spiro, Feltovish, Jacobson. &,. Coulson, 1995).

The constructivist instruction should be anchored in real-world problems,
events or issues that may be appealing and meaningful to learning (Bostock,
1998). Thus, the constructivist learning would like to use ill-structured instruc-
tion instead of well-structure instruction. Three instructional theories address
this kind instructional structure: dual-coding theory, theory of multiple represen-
tations, and cognitive flexibility theory.

Dual-coding theory
Dual coding theory emphasizes that two separate systems can work indepen-

dently or together for verbal and imagery processing (Butler & Mautz 1996).
Dual-coding theory suggests that pictures are easier to remember than words. In
addition, when information coding is in both systems, this information is easier
to remember than information coded only in the verbal system. For instance, it
was found that text materials devoid of pictures are more difficult to understand
and recall than the same text materials presented after the presentation of an
organizing image (Burton, Moore, & Holmes, 1995). In another study by Stader,
Webb, White, Kulhavey, & Stock (1990), the results indicated that iconic repre-
sentation could not replace the symbolic; however, it has been sufficiently
shown that words and images together are a powerful team.

Dual-coding theory describes memory and cognition in terms of a highly net-
worked series of nodes that an individual uses to represent information (Burton
et al., 1995). This theory consists of verbal and imagery subsystems. The verbal
subsystem specializes in presenting and processing language-based events and
information. This subsystem includes verbal codes for concrete objects and
events, such as books or computers; it also includes representation for abstract,
non-concrete information, such as ethical matters. The imagery subsystem spe-
cializes in representing and processing information related to nonverbal objects
and events. The imagery subsystem includes images for shapes, sounds, actions,
emotional responses, and other nonverbal objects and events. A medium, such as
the Web, that combined text with animation and hypertext captions results in
greater recall, inference, and comprehension (Large, Beheshti, Breuleux, &
Renaund, 1995). The dual-coding theory provides a partial explanation of why
many think that hyper-media-based instruction will be so effective for learning
(Paivio, 1979, 1986). When a learner processes information through both verbal
and imagery subsystems, these multi-modal approaches to education are thought
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to be particularly effective for accommodating learners with diverse styles and
preferences for leaming.

Theory of multiple representations
According to the knowledge processing approach from leaming and cognitive

theories, a monolithic depiction of subject matter from one perspective may not
be adequate for ill-structured domains and may not be sufficient for inducing
learners to construct a mental representation of subject matter content (Spiro et
al., 1995). Multiple representations indicate different conceptual views. It is
assumed that cognitive processing of multiple external representations may:
first, enhance the likelihood that a particular mental representation may be ade-
quate for solving a particular problem, second, support the construction of con-
text-indexed mental representations, third, enable situated learning experiences
for enhancing memory performance and usability of knowledge, fourth, improve
the construction of mental representations of different views of subject matters
with multiple representational modes, and fifth, enhance cognitive flexibility
and knowledge transfer (Tergan, 1997).

Cognitive flexibility theory
Like multiple representations theory, cognitive flexibility theory emphasizes

the real world complexity and ill-structuredness of many knowledge domains
(Spiro et al., 1995). From an ill-structured aspect of knowledge, advancing
knowledge acquisition, such as attaining an understanding of important elements
of conceptual complexity, the ability to use acquired concepts for reasoning and
inference, and the ability to flexibly apply conceptual knowledge to novel situa-
tions, can be facilitated by the principles of this theory. This cognitive flexibility
theory is systematically applied to an instructional theory. Generally, this theory
has the following characteristics: first, random access. Second, the major leam-
ing activity is a nonlinear exploration of the learning environment. And third,
multiple representations of the content are presented (Maddux et al., 1997).

Cognitive flexibility theory points out that traditional instructional designs,
such as textbooks, lectures, computer-based drill, are inadequate for
implementation within ill-structured domains because they depend on organized
and linear techniques. For a learner to fully comprehend the complexity and
erratic variability of information, it must be accessible to the learner in a manner
that more closely mimics the nonlinear nature of the domain (Brown, 1995).

Interaction consideration
In Web systems, the instructional tools include communication and exploration

tools. Generally, communication tools, such as E-mail, listservs, chat forums,
online conferences, MUD, and [RC, are all appropriate for asynchronous and syn-
chronous social communication. In contrast, exploration tools, such as Web
browsers, gophers, and search engines, are all good for individual content interac-
tion. Generally, a Web-based leaming environment offers the following six inter-
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actions. Table I shows the Web-based tools for these interactions.

TABLE 1: WEB-BASED TOOLS FOR INTERACTION

Interaction Web-based tools

Content interaction Web browsers, search engines, E-mall,
listservs, newsgroups,

Social communication E-mail, listservs, online chats,online
conferences, MUD, IRC

Synchronous communication Online chats, online conferences,
MUD, IRC

Asynchronous communication Web browser, search engines, E-mail,
listservs, newsgroups

Individual interaction Web browsers, search engines

Group communication E-mail, listservs, newsgroups, online chats,
online conferences, MUD, IRC

Content and/or social interaction

The native attributes of a Web system include the capacity to transfer multi-

media files completely intact to anyone or any network (Gilbert & Moore,

1998). Based on the native attributes of a Web system, content and instruction

interaction, such as searching instruction, linking content, or reading text with

browsers, is able to perform and create. Generally, the nonlinear fashion in Web

systems can be instantly called up in a consistent manner, irrespective of the

structure of the information or resources (Yang, 1996). Up to nonlinear media

form, a Web system allows learners to explore abundant and diverse bits of

information in their own ways. In general, when discussing social and interper-

sonal interaction in a Web system, face-to-face communication is not necessary

to happen; instead, individuals can communicate through computer networks.

Unlike face-to-face social and interpersonal communication, with a Web system

being bound to online systems, such as online chats or online conferences, these

multi-user networks provide enormous potential for social and interpersonal

communication (Yang, 1996). In a Web system, learners and instructor or leam-

ers and learners can engage in side-by-side and online questioning, answering,

discussion, debate, or negotiation.

Asynchronous and/or synchronous communication

Asynchronous communication, such as e-mall, guestbooks, listservs, and

newsgroups, is in some manner technologically mediated and is not dependent

upon instructors and learners being present together at a specific time to conduct

teaching and learning activities (Berge, 1998). In asynchronous communication,
leamers work at their own convenience when or where they want to be. Addi-

tionally, leamers control the pacing of instruction by themselves. Synchronous
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communication occurs in real time, such as online conferences or chat rooms.
All participants, including instructors and learners, in the interaction must be
presented, although not necessarily at the same physical location. When oral dis-
cussion in an online chat, the quality of the arguments is enhanced and thinking
is more creative than without this kind of interaction. The online chat or confer-
ence in the Web system thus serves the role of thinking device for collaborative
construction of knowledge.

Individual and/or group interaction
For learning to occur, based on the constructivist pedagogy, individuals using

their experiences as a foundation construct knowledge personally from internal
representations. In learning activities, knowledge is based on individual con-
structions that are not tied to any external reality, but rather to the learner's inter-
action with an external world (Lacy & Wood, 1993). The multiple linkages and
perspectives of Web-based learning provide a learner-objective environment to
assist learners to link and search for knowledge that interact with their own prior
experiences. Another aspect of individual interaction includes reflection, mean-
ing learners exercise control over what is learned. Group communication is col-
laborative learning. In general, collaborative learning helps individuals to make
progress through their zone of proximal development by the activities in which
they engage (Vygotsky, 1978). When learners have opportunities to interact with
others and their instructors about the instruction or content, they have opportuni-
ties to build their own knowledge. In addition, they share their own knowledge
with others. Much of learning inevitably takes place within a social context, and
the process includes the mutual construction of understanding (Bruner, 1971).
When guestbooks, listservs, newsgroups, online chats or conferences being
bound into a Web-based system, the group communication can be offered
through either asynchronous or synchronous methods.

Technology consideration
The Web-based learning should be designed to match the participants' com-

fort with the system and the software. Three general rules in this consideration
are: use the principle of technological minimalism, provide adequate technical
support and training for both learners and teachers, and understand learners'
acceptance of technology When delivering Web-based instruction, access to
often complex and expensive technology becomes a serious issue. In general,
technology minimalism reduces this issue. Technological minimalism can be
defined as the unapologetic use of minimum levels of technology, carefully
chooses with precise attention to their advantages and limitations, in support of
well-defined instructional objectives (Berge, 1998). Indeed, the more technology
needs the greater the need for technology support and training. Furthermore, the
technical designers need to take into account the amount of support and training
for learners and teachers.

For user acceptance of WBL programs, a satisfactory performance is of great
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importance (Hagg, Maylein, Leven, Tonshoff, & Haux, 1999). Besides the hard-

ware performance of client and server computers and the network bandwidth

available, the basic techniques and WBL programs used also affect it. First, time is

required to start and initialize the runtime environment (such as browser plug-in,

virtual machine) necessary to execute the WBL program on client computers.

However, this period of time is mostly insignificant, it usually takes only a few

seconds. Second, the performance of the runtime environment used has to be con-

sidered. In this period of time, a very significant point is the time needed to trans-

mit or download all the necessary WBL program code to client computers. This

can constitute a serious hindrance if the network connection is slow or the pro-

gram is too big. If the complete program code must be transmitted before the pro-

gram starts it may take a long time. In contrast, if the client computer requests

from the server computer only parts of the program necessary at a time, as a result

users may have to wait long during the program run. And last, frequency and dura-

tion of communication between clients and servers during program run are impor-

tant factors for the performance of a WBL program. In general, the duration

depends on the amount of data to be downloaded from servers to clients.

Learners' characteristics

In developing Web-based learning, the instructor needs to focus on content

development based not only on learning objectives, but also on an analysis of the

targeted populations. Learners' cognitive, social, physical and personal character-

istics need to be identified. Since the course will be delivered through the Internet,

focusing on several of the variables, such as cognitive, social, physical, and per-

sonal characteristics, will improve learners' performance (Passerini & Granger,

2000). In general, cognitive characteristics include individual computer literacy

and prior knowledge, or personal learning styles. Social characteristics include

individual attitudes toward collaboration or relationship with peers. Physical char-

acteristics include individual age or gender. And personal characteristics include

individual attitudes, motivation, belief, anxiety, and confidence (Passerini &

Granger, 2000).
Hill (1999) identified that users could be categorized into three broad cate-

gories: first, naive users are low-level users and not understanding the

Internet/Web. They also struggle to survive in Web systems. Second, somewhat

knowledge users are mid level users and have some understanding of the Inter-

net/Web.They work with direction and have some questioning of Web systems.

And third, knowledge users are high level users and have high level of understand-

ing. They are self-directed users and seeking to improve what they do. Web-based

environments provide linear and nonlinear structure for more interactive learning

circumstances. Many users of Web systems have found that they could not take

advantages if they lacked the required computer skills, such as experience using

database programs, experience using word processing programs, and experience in

the Internet (McGuire, 1994; Reed & Giessler, 1995; Welles, 1997; Zhu, 1995).

Formn those researches, when users have more computer-related experience, they

prefer more loosely structured educational software.
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SUMMARY

The purpose of this paper is to offer considerations for creating constructivist
Web-based learning environments. Essentially, each medium has its own partic-
ular characteristics for training and learning purposes. From the educational
viewpoint of Web-based applications in learning, more appropriate use of Web
systems for learners and instructors will enable more learners to develop by self-
discovery and personal insight. In Web-based learning, the dilemma is that when
instructional programs add the complexity needed for the design of instructional
purposes, it becomes itself increasingly complex to use (Gilbert & Moore,
1998). In other words, increasing the flexibility of educational purpose will
increase the complexity of Web-based learning. Although still having several
dilemmas, it is hoped that as Web-based learning development progresses, sim-
ple-to-use tools will be developed that will, in turn, allow for the inclusion of
complex objections for training. Furthermore, it can be expected that we will see
an environment that not only equals traditional instruction but also provides
opportunities that go far beyond it.
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Abstract

Undergraduate students enrolled in courses that incorporate Web-based modules were surveyed to

assess their satisfaction with learning in a digital instructional environment, with the goal of identifying

learners’ temperaments as possible predictors of satisfaction. Temperament classifications were

guardian, artisan, idealist, and rational and were determined through the Keirsey Temperament Sorter II

(KTSII). Satisfaction was measured on a 16-item satisfaction scale. The research sample was comprised

of 145 male and female volunteer participants from a variety of academic majors at a large southeastern

university. Considered important from the research findings is the absence of temperament as a

predictor of satisfaction, with the view that students considering enrolling in courses that incorporate

digital learning, but who may be reluctant to register because of perceived mismatches between

personal traits and the digital environment, should be reassured that the environment is not restrictive in

terms of temperament. D 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction

As the use of digital technologies increases in college courses due to the rise in Internet

access and the use of electronic mail and Web resources, the issue of learner satisfaction in the
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digital environment emerges as a key issue. Knowledge is the chief resource in our economy;

the market value of online education cannot be ignored (Drucker, 2000). High levels of

learner satisfaction reflect students’ willingness to continue in programs and are evidenced by

lower attrition rates, more referrals from enrolled students, greater motivation, better learning,

and increased commitment to the program (Biner, Dean, & Mellinger, 1994; Chute,

Thompson, & Hancock, 1999; Tallman, 1994). A student’s personal perception of the appeal

of distance learning is tied to the student’s level of motivation, which research has shown to

be a predictor of achievement in academic settings (Chute et al., 1999). Course completion

and program retention rates are generally lower for distance learning than for traditional

classroom environments, with reasons for student dropout attributed to poorly planned

courses, inexperienced faculty, students with multiple obligations, lack of personal inter-

action, unawareness of course demands, and students’ personal and professional transitions

(Carr, 2000). Students characterized as independent learners appear better adapted to the

nature of distance learning, as are those with defined career goals. Tallman (1994), in an

investigation of the role of student satisfaction in retention, concluded that a contingent

relationship exists between student satisfaction and program completion, with those who

completed programs reporting the most satisfaction.

Although education and distance learning literature provides a great deal of information

about satisfaction, success, and distance learning, less research exists that examines learner

differences in satisfaction of college students who are enrolled in courses that incorporate

Web-based instructional modules as an integral part of the instructional environment. Wright

(1999) reported that, historically, graduate and undergraduate students participating in an

asynchronous digital learning environment from time to time would express dissatisfaction

with course requirements. The dissatisfaction was noted throughout the student population,

both in students with high GPAs and older students, as well as in students with no specific

characteristics, leading to the question of what differences among students would affect

satisfaction in asynchronous classes.

2. Temperament as a factor in satisfaction

Reasons suggested for why some individuals engaged in a digital learning environment are

successful and satisfied while others are not have been linked to many areas, including

learning styles, maturity, skill, time requirements, previous exposure to technology, access,

perceived utility of the course and software, and instructional method. An additional factor in

student satisfaction and success may be the learner’s temperament. Temperament is the

description of an individual’s pattern of personality interaction with the environment to satisfy

needs (Berens, 1998). Identifying temperaments helps in understanding why individuals

process and respond to the same situations differently. Keirsey (1998) explains temperament

as a configuration of inclinations, as compared to character, which is a configuration of

habits. Temperament is the inborn form of human nature, and unless arrested by an

unfavorable environment, people develop habits appropriate to individual temperament as

they mature. Temperament theory is rooted in the works of Plato, who identified the four
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types of human character in the perfect society as the artisans, guardians, idealists, and

rationals. Variations of the four temperaments have existed through the centuries since Plato,

emerging in the Renaissance as humours and again in 19th- and early 20th-century literature

as four patterns of attitude and activity. During this latter time, the theories of Freud and

Pavlov, who suggested that all humans are fundamentally like creatures of blind instinct with

actions consisting predominantly of responses to environmental stimuli, emerged to the

forefront, particularly in education. However, the usefulness of the four temperaments for

understanding an individual’s predisposition to act in certain ways has regained prominence

through the influence of Carl Jung’s psychological types and later through the work of Isabel

Myers and Katheryn Briggs, who together developed a type indicator based on Jung’s work

(Keirsey & Bates, 1984).

2.1. Keirsey Temperament Sorter II (KTSII)

Keirsey and Bates (1984) introduced the KTS, a self-assessment instrument to identify an

individual’s temperament. This instrument was revised by Keirsey (1998) and published as

the KTSII. Temperaments are categorized according to the Platonic groupings: artisan,

guardian, idealist, and rational. These groupings match, respectively, the Myers and Briggs

four personality groups: SP (sensing/perceiving), SJ (sensing/judging), NF (intuition/feeling),

and NT (intuition/thinking). The four temperaments are subdivided into four role variants for

each temperament. Keirsey’s temperament type definitions are based on what people do well

according to their skilled actions that are observable and therefore can be defined more

objectively. Because Keirsey believes that intelligence is being smart in how one acts in a

given role rather than how well one thinks, his classifications of temperament are based on

behavior adaptations to particular circumstances. The KTSII is designed to elicit information

about how an individual responds to different situations. The results place an individual in

one of four temperament patterns that is a best fit, even though other temperaments are seen

in the same individual in varying degrees (Berens, 1998).

Because no instrument that relies solely on self-report is completely accurate, research

that uses the KTS (Keirsey & Bates, 1984) or the KTSII (Keirsey, 1998) must be viewed

with the recognition that the results are imprecise (Berens, 1998). The risk exists that

individuals report how they would like to or think they should respond rather than how

they would actually respond in a given situation. The results are simply a description of

one point in time, yet they give an indication of patterns that are important in

temperament research. Nevertheless, because people with different temperaments tend to

take different approaches to situations, research that uses temperaments based on the

Keirsey instruments or related instruments provides information with a common denom-

inator by which to compare results.

2.2. Temperament and learners

There is a lack of attention to temperament as it relates to learning in the education

literature. The literature, however, addresses the importance of recognizing individual
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student differences including student temperaments. Schroeder (1993) reported a summary

of research indicating that the majority of entering college students prefer to perceive the

world through sensing or direct observation of the tangible environment, with a desire for

concrete experiences, structure, and sequential learning. Fewer students are characterized

as learning intuitively or preferring less-structured instructional environments with an

emphasis on concepts and ideas. The significance of the Schroeder report is that students

who rely more on intuition have learning characteristics that are similar to those of most

teaching faculty. In addition, there is an apparent shift in learners’ preferred modes of

perceiving from intuitive to sensing, resulting in an increasing mismatch between faculty

and students, particularly when learning environments favor the faculty’s temperament and

those students with similar characteristics. In terms of temperament, the sensing mode is

seen in artisans and guardians, whereas the intuitive mode is seen in idealists and

rationals (Keirsey, 1998). As college opportunities open for a greater percentage of the US

population, it is expected that students will exhibit temperaments characteristic of the

population as a whole rather than of the college population of years past (Schroeder,

1993). As of July 2001, the distribution of temperament types of individuals taking the

KTSII and the Keirsey Character Sorter (KCS) through the Keirsey Temperament Website

(Keirsey, 2000b) was 43% guardians, 30% idealists, 14% rationals, and 13% artisans

(Keirsey, 2000a). When these percentages are combined to reflect Schroeder’s summary,

sensory preferences are seen in 56% of those taking the KTSII and KCS, whereas 44% is

described as intuitive.

Students exhibit distinctive behaviors according to their temperaments (Leaver, 1997). The

rational students are scholarly by nature, with a preference for deciding for themselves what

to learn rather than simply learning to excel on an exam. Rationals like to control their

environment through understanding it. The idealist students are self-reflective and seek

harmony with and recognition from teachers and peers. These students show a tendency to

adapt to the styles of others as they strive to please. Students categorized as guardians respect

authority, tradition, and organization; they prefer to learn according to what will be tested and

what the teacher deems most important. Artisans seek freedom and choice, preferring

activities outside of the classroom. Active involvement in learning is important to students

classified as artisans.

2.3. Related literature concerning psychological types and learners

Kreber (1998) investigated the psychological types of third-year undergraduate students in

an attempt to find an explanation for differences in students’ willingness and perceived

capacity to engage in self-directed learning and critical thinking. Although psychological type

was not shown to be a predictor for critical thinking ability, data indicated that personality

type was a strong predictor for students’ inclinations to engage in self-directed learning.

Kreber used the PET Type Check to measure psychological type based on Jung classifica-

tions. Extroverted intuition was shown to be the predictor for self-directed learning.

Extrovert–intuitive, symbolized as EN, is seen in two of Keirsey’s (1998) temperament

classifications—the idealists and the rationals.
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Different results were noted in a study that investigated whether students with a particular

psychological type would learn more with a small group, active learning method than with a

lecture method (Prorak, Gottschalk, & Pollastro, 1994). Although the majority of students

were categorized as extrovert–feeling (EF) according to the KTS, no significant relationship

was found between personality type and students’ scores on tests of knowledge and

confidence following bibliographic instruction regardless of whether the instruction was

provided in a small group that promoted active learning or in a large group lecture.

Extrovert–feeling is seen in the idealists and guardians (Keirsey, 1998).

Golay (1982) identified learner characteristics based on Keirsey’s four temperaments.

These temperament-based learning pattern classifications are actual–spontaneous, actual–

routine, conceptual–specific, and conceptual–global, reflecting the artisans, guardians,

rationals, and idealists, respectively. Golay suggested that varying the instructional climate

according to the needs of each type of learner would increase productivity for all students.

However, Horton and Oakland (1997) explored the integration of temperament theory into

learning style in an investigation of the relationships between achievement and instruction

designed according to temperament-based learning styles in a broad spectrum of seventh

graders. Lesson plans were designed to be consistent with strategies matching Keirsey’s four

temperaments, yet no relationship was found to support using instructional strategies that

matched students’ temperament-based learning styles.

In a study of graduate and undergraduate telecourse students that considered a different set

of variables as predictors of success, Biner, Bink, Huffman, and Dean (1995) investigated 16

personality variables of students engaged in a two-way audio, one-way video course,

differentiating between the students in the distance classrooms and those in the originating

classrooms. Their data indicated that the most successful students receiving instruction at a

distance are those who are resourceful and prefer to make their own decisions, who are not

overly concerned about following social rules to the point of disregarding rules altogether at

times, and who are introverted, self-indulgent, and expedient but not compulsive about

completing tasks. Conversely, Summers, Anderson, Hines, Gelder, and Dean (1996) found no

significant relationship between satisfaction with instruction and the personality factors of

extroversion, poise, control, and independence in students involved in two-way audio, one-

way video telecourses.

3. Research purpose

The purpose of the research in this report was to question whether temperaments of college

students were related to satisfaction in a digital learning environment. The research design

included a descriptive aspect in which the characteristics of the subjects at a single point in

time were described; descriptive items are temperament, satisfaction, and selected demo-

graphic characteristics. Also included was a correlational research design in which relation-

ships among the variables were investigated and possible predictors of student satisfaction

were explored. The dependent variable in this research was student satisfaction with learning

in a digital environment in which instructional modules are presented through the World
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Wide Web. By accessing modules via the Internet, the students participated in distance

learning since the instructor and the students did not have to be in the same physical location

nor did they have to be involved with the lessons simultaneously. Independent variables

included temperament and demographic characteristics.

3.1. Participants

College students who are exposed to a digital learning environment through the use of

Web-based instructional modules were the target population. The sample was undergraduate

students enrolled in all sections of two educational computer technology courses—BCT 300,

Computer Education Applications, and BCT 400, Computer Education: Curriculum Devel-

opment—at The University of Alabama during the Spring 2001 semester. Both are approved

courses under the computer designation in the university’s core curriculum and are open to all

students to meet their general studies requirements. The two courses from which the sample

was taken use Web-based instructional modules for content delivery. All students enrolled in

the courses had Internet access through the university’s computer laboratories although access

was not restricted to these laboratories, and all students had active e-mail accounts furnished

by the university. This sample was used because of convenience; however, presumed

similarities between the population and the sample included a mix of gender, age, university

classification, grade point average, experience with the World Wide Web and Web-based

courses, temperament, learning styles, and representation from a variety of academic majors.

Students were notified of the opportunity to participate in the research project through a

link in each course syllabus to the study’s Website. The site extended an invitation to students

to participate on a voluntary basis and provided a description of the research as well as all

information required by the university’s Institutional Review Board (IRB) for the Protection

of Human Subjects. Those who agreed to participate indicated their informed consent by

subsequent submission of the online research survey; this procedure for informed consent

also was specified in the invitation to participate. Those who volunteered to participate in the

study received bonus points applied to their final course grade to reflect their participation in

research using computer technology, an important aspect of the academic program goals. The

researcher was not affiliated with the courses or the students and no student’s grade was

affected by a choice not to participate. Eighty-seven percent of the students enrolled in the

two courses completed the research instrument.

3.2. Assumptions and limitations

Assumptions associated with this research were that all students who volunteered to

participate would do so regardless of their level of satisfaction, that the students would have

the skills necessary to complete the Web-based survey, that all would understand the survey

instrument, that each participant would be honest in recording responses, and that each would

submit only one survey. Further assumptions were that the student participants were

representative of learners at the institution and that they were representative of the student

population involved in a digital learning environment at the postsecondary level.
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There were a number of limitations associated with this research. One limitation was that

only students from a single institution in the southeast region of the US were included. In

addition, measuring satisfaction levels of students in high-quality courses, such as those

offered by the institution in which the research was performed, limited generalizability to the

total population of college students in digital learning environments. A third limitation was

that all students surveyed were enrolled in credit courses offered by the Department of

Instructional Technology, and students chose to become involved with digital technology

upon enrollment. A further limitation was that all survey data were collected via Web-based

forms, which exposed the research to possible violation of the assumptions stated above.

Because the data were collected at only one point in time for each participant, extreme

indicators may have emerged; however, these will generally not show up in an aggregate

view of the data, if they indeed exist.

4. Data collection

Students enrolled in the courses from which the sample was drawn completed the KTSII, a

required course activity in each course, during the first week of the semester. The KTSII

(Keirsey, 1998, 2001) is an online personality questionnaire comprised of 70 multiple choice

questions. Reliability and validity data are not available for the KTSII (David Mark Keirsey,

personal communication, June 23, 2000). After completing and electronically submitting the

questionnaire, students received a description of their temperament and variant temperament

on the computer screen from the KTSII site. Links to information about and explanations of

the temperament classification were provided as well.

Approximately 4 weeks into the semester, students who volunteered to participate in the

research completed the research survey. This survey, referred to as the Satisfaction Survey,

was comprised of a set of 16 questions answered by often, sometimes, or seldom for 14 of

the statements and yes or no for two of the statements, according to how students would

describe themselves (see Appendix A). The timing of administering the research question-

naire was based upon input from faculty experienced in digital learning and was believed to

be sufficient for students to assess their satisfaction with the activities involved in the digital

learning environment. Biner et al. (1994), in a replication of an earlier study by Biner (1993),

identified seven distinct dimensions that underlie student satisfaction with interactive

televised college courses. These dimensions are satisfaction with the instructor and

instruction, the technology, course management, onsite personnel, promptness of material

delivery, support services, and communication with the instructor outside of the regular class

time. Wernet, Olliges, and Delicath (2000) presented three themes that emerged in their

study of student satisfaction with a Web-enhanced course: utility, exposure, and access. The

assertion was that through assessing these primary dimensions with straightforward ques-

tions such as asking how satisfied the subject is with the promptness of the course material

delivery and offering closed form Likert-type responses, an indication of satisfaction can be

obtained. Questionnaire items in the current research were based on insights gained from the

review of the literature and input from a team of instructional technology experts comprising
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professors in the Instructional Technology program at The University of Alabama. These

professors studied the tool and established face validity of the questionnaire; the reliability

coefficient for the survey’s internal reliability with the research sample was .83, using

Cronbach’s a method.

Responses to each satisfaction statement were reported by using frequencies and

percentages for each indicator level. The overall satisfaction score for each participant was

obtained by adding the numeric values of the 16 statements; these values were five for each

often or yes response, three for each sometimes response, and one for each seldom or no

response (see Appendix A). The degree of satisfaction was then recoded dichotomously as

satisfied or unsatisfied, with the median score as the determinant for the categories.

5. Data analysis

Forward selection logistic regression was used to predict satisfaction based on the variables

analyzed. Temperament was correlated with the criterion, student satisfaction. Logistic

regression was chosen because of its usefulness when the dependent variable is dichotomous

and when the predictors are expressed as continuous or categorical data (Morgan & Griego,

1998). Logistic regression estimates the probability of a certain event occurring by using

observed factors coupled with the criterion to model the probability of the occurrence under

different factor conditions. In this research project, the regression equation indicated whether

or not there was a significant effect from the predictor variables on satisfaction and offered

the probability of a correct prediction of student satisfaction for the set of predictor variables.

Additional relationships were investigated using Chi-square and analysis of variance

(ANOVA), according to the variable type. SPSS for Windows (Release 10.0) was used for

data analysis.

6. Results and discussion

Table 1 shows a summary of the sample’s demographic data. The sample was nearly evenly

divided according to gender, with slightly more female than male participants. Nearly all

(91%) of the participants were between 19 and 23 years old, with an average age of 21.7 years.

Slightly more than half was classified as seniors, and one fourth as college juniors. Most of the

participants’ grade point averages were between 2.5 and 3.49. The participants were

representative of all but one of the university’s academic divisions, with most of the students

representing the Colleges of Commerce and Business Administration, Education, Arts and

Sciences, and Communication and Information Sciences.

Students’ temperaments were categorized as guardian, artisan, idealist, and rational. Most

(71%) of the participants reported that results from the KTSII indicated the guardian

temperament classification, while 19% was classified as idealists. Few were categorized as

artisan or rational. The temperaments reported for the research participants were similar to

those published by Keirsey (2000a) at the time of this research, with the largest category for
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both the Keirsey population and the study participants being guardian, followed by idealist

(see Table 2). This relationship adds strength to the assumption that the study participants were

representative of the larger student population. However, the data provided by Keirsey did not

differentiate the ages or the occupations of the participants, so this inference is unsubstantiated.

The satisfaction levels, according to the survey responses, were generally high with a mean

score of 67 and a median score of 70 on a scale of 16–80. The high satisfaction levels of

students in quality courses, such as those offered by the institution in which the research was

performed, were not unexpected. The breakdown of responses to each item is shown in Table 3.

Survey items that were most indicative of a high satisfaction level were the willingness to take a

Web-based course again and the willingness to recommend a Web-based course to a friend.

These findings are congruent with those reported by St. Pierre and Olsen (1991) who supported

the view that the best measure of student satisfaction is the willingness of the student to take

another similar course.

Items with a high level of satisfaction by at least 80% of the participants were Internet

access, increased flexibility in daily activities by taking a Web-based class, and readily

available Internet resources for class work. Hiltz (1997) and Shaw and Pieter (2000) noted

that satisfaction levels diminished as problems with accessing online materials increased; this

observation is consistent with the findings from this research in which the students with the

highest overall satisfaction score had the fewest low scores on the satisfaction item addressing

Internet access.

Table 1

Description of the research sample

Factor Description

Sample size 145

Gender 48% male, n= 69; 52% female, n = 72

Age (in years) mean = 21.7, median = 21, mode = 21, range = 19–38

Classification 0% freshman, 17% sophomore, 25% junior, 57% senior, 1% graduate student

GPA (4.0 scale) 2.49 and below= 10%, 2.5–2.99 = 39%, 3.0–3.49 = 30%, 3.5 and above = 21%

Academic major Commerce and Business Administration = 28%, Education = 28%, Arts and Sciences = 20%,

Communication and Information Sciences = 17%, Human Environmental Sciences = 6%,

Community and Health Sciences = < 1%, Engineering = < 1%, Nursing = < 1%,

Social Work = 0%

Table 2

Temperament categories of study participants and Keirsey’s population

Temperament category

Study sample

(n = 145) percentage

Keirsey population

(N = 6,267,537) percentage

Guardian 71.0 43.5

Idealist 19.3 30.2

Artisan 6.2 12.7

Rational 3.4 13.7
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At least two thirds of the students expressed high satisfaction with Web-based courses,

which they felt provided skills that could be used in other classes, success in completing

Web-based lessons, preparation for using technology in the professional world, substantial

contact with the teacher, little feeling of isolation arising from learning that emphasizes

Web-based lessons, and positive experiences in communicating with other students

through e-mail. Items that fell lower on the satisfaction scale were, in order from more

satisfied to less satisfied, having technology knowledge sufficient for learning in a Web-

based environment and feeling that working in a Web instructional environment enables a

more active role in learning. Although 92% of the participants specified that they would

be willing to take a Web-based course again, only 41% expressed a preference for more

classes to be offered through Internet delivery and 34% indicated a preference for more of

the course materials in face-to-face classes to be in a Web-based format.

Forward selection logistic regression analysis of the data revealed that temperament

was not a significant predictor of student satisfaction when all other variables were

controlled. Relationships among temperament and demographic characteristics were

analyzed by using Chi-square for variables expressed as categorical data; one-way

ANOVA was used to investigate the relationship between temperament and age. No

significant relationships were noted among temperament and the demographic character-

istics surveyed.

Kreber (1998) noted that extrovert–intuitive psychological tendencies, found in idealist

and rational temperaments, were predictors for self-directed learning in a group of

undergraduate students. Conversely, Summers et al. (1996) found no significant relation-

ship between satisfaction with instruction in telecourses and students with an extroverted

Table 3

Responses by participants to satisfaction statements (see Appendix A)

Often Sometimes Seldom Yes No

Survey item n % n % n % n % n %

Q1 125 86.2 20 13.8 0 0.0

Q2 119 82.1 24 16.6 2 1.4

Q3 97 66.9 40 27.6 8 5.5

Q4 103 71.0 40 27.6 2 1.4

Q5 92 63.4 46 31.7 7 4.8

Q6 14 9.7 34 23.4 97 66.9

Q7 60 41.4 59 40.7 26 17.9

Q8 120 82.8 22 15.2 3 2.1

Q9 49 33.8 71 49.0 25 17.2

Q10 62 42.8 74 51.0 9 6.2

Q11 96 66.2 43 29.7 6 4.1

Q12 70 48.3 59 40.7 16 11.0

Q13 105 72.4 31 21.4 9 6.2

Q14 98 67.6 38 26.2 9 6.2

Q15 134 92.4 11 7.6

Q16 135 93.1 10 6.9
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personality, characteristic of idealist and rational temperaments. The nature of Web-based

courses calls upon students to display self-directed learning traits, but this was not a

variable in the present study. Even so, the idealist and rational temperaments combined

were seen in 22% of the current study’s participants, but no relationships among

temperaments and satisfaction with digital learning were apparent.

7. Conclusion

Student satisfaction with learning in a digital instructional environment is important to

student success as well as to the viability of programs that incorporate Web-based

materials in content delivery. Assessing learner satisfaction in a digital environment and

identifying student characteristics predictive of satisfaction, if distinct characteristics

indeed exist, become important in serving the college student population as well as the

institution. With the clear emergence of a digital learning environment in higher education

and the call for research regarding factors that will impact technology in teaching and

learning, as well as the realization that the environment may be appropriate for some

students but not for others, this research explored factors that could possibly impact

student satisfaction.

More important than the predictors of satisfaction in the digital learning environment

are perhaps the variables that did not emerge as significant factors related to satisfaction.

The majority of participants in this study expressed satisfaction regardless of age, grade

point average, university classification, major, and experience with courses that incorpo-

rated Web-based lessons. Participants whose temperaments were classified as guardian,

idealist, rational, or artisan expressed satisfaction according to the survey statements.

These observations lead to the conclusion that college students with diverse temperaments

are suitable candidates for learning in the digital instructional environment, and the

recommendation that students considering enrolling in courses that incorporate digital

learning, but who may be reluctant to register because of perceived mismatches between

personal traits and the digital environment, should be reassured that the environment is

not restrictive in terms of learner temperament.

8. Recommendations for further study

This report was limited to the temperament aspect of satisfaction research in the digital

learning environment. A recommendation from this research is to continue studying the

population of college students who are engaged in digital learning across all academic

divisions and to extend the demographic variables investigated. Because student satisfac-

tion is important for maximum learning as well as program viability, the identification of

additional impacts upon satisfaction and dissatisfaction holds merit; examples of areas to

consider are self-efficacy, attitudes toward self-directed learning, attrition, and individual

elements that were addressed in the satisfaction survey used in this research project.
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Furthermore, looking beyond satisfaction to other desired outcomes of the instructional

process such as student achievement as a measure of mastery of course content would

contribute to the knowledge base critical to the field of instructional leadership in general

and particularly to the realm of instructional technology.

Appendix A. Statistical survey

Often Sometimes Seldom

(1) I am able to access a computer with an Internet

connection to do my work for this class.

6 6 6

(2) The resources I need for the Web lessons are readily

available through the Internet.

6 6 6

(3) I am satisfied with the degree of contact I have with

my teacher when working through Web-based lessons.

6 6 6

(4) I am pleased with the success I am having with

completing the Web-based lessons.

6 6 6

(5) My technology knowledge level is sufficient for

learning in a Web-based environment.

6 6 6

(6) I am feeling somewhat isolated from the University

setting by taking a class that places emphasis on

learning through Web-based lessons.

6 6 6

(7) I would prefer to take more of my classes through

Internet delivery.

6 6 6

(8) Participating in a Web-based class has allowed me

more flexibility in my daily activities.

6 6 6

(9) I would prefer more of the course materials

in my traditional face-to-face classes to be in

a Web-based format.

6 6 6

(10) I believe that working in a Web instructional

environment enables me to take a more active role

in the learning process.

6 6 6

(11) Communication with other students through

e-mail is a positive experience.

6 6 6

(12) I find the online tutorials to be useful in helping

me understand the material.

6 6 6

(13) My Web-based class is providing me with skills

that I can use in other courses.

6 6 6

(14) I believe that the Web instructional environment

is preparing me for technology use in my profession.

6 6 6

Yes No

(15) I would be willing to take a Web-based course again. 6 6
(16) I would recommend a Web-based course to a friend. 6 6
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Abstract

Interactive video in an e-learning system allows proactive and random access to video content. Our empirical study examined

the influence of interactive video on learning outcome and learner satisfaction in e-learning environments. Four different settings

were studied: three were e-learning environments—with interactive video, with non-interactive video, and without video. The

fourth was the traditional classroom environment. Results of the experiment showed that the value of video for learning

effectiveness was contingent upon the provision of interactivity. Students in the e-learning environment that provided interactive

video achieved significantly better learning performance and a higher level of learner satisfaction than those in other settings.

However, students who used the e-learning environment that provided non-interactive video did not improve either. The findings

suggest that it may be important to integrate interactive instructional video into e-learning systems.
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1. Introduction

Learning provides ‘‘intellectual growth that leads

to scientific reasoning, abstract thought, and formal

operations’’ [36]. As information technologies like
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virtual workspaces and digital libraries have evolved,

they have added new environments for teaching and

learning and have given rise to new areas for research.

Learning enhanced by information technologies is

gaining momentum. This is partially in response to the

demand for reduction in time-to-competency in the

knowledge-based economy, spurred by intensive

competition and globalization. Companies need to

offer effective training to employees and business

partners to ensure that they acquire new skills in a

timely manner. In academia, education must be
.
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delivered to remote students who do not have physical

access to the campus.

E-learning has recently become a promising alter-

native to the traditional classroom learning, helping

societymove toward avisionof lifelongandon-demand

learning [56]. It has become one of the fastest-moving

trends [51] and aims to provide a configurable

infrastructure that integrates learning material, tools,

and services into a single solution to create and deliver

training or educational content quickly, effectively, and

economically [37]. Thousands of online courses are

now being offered. Not only can instructional material

be made available on the Internet but online colla-

borative learning and discussions can also occur.

Video is a rich andpowerfulmediumbeingused in e-

learning. It can present information in an attractive and

consistent manner. Prior studies have investigated the

effect of instructional video on learning outcomes [47].

However, the instructional video used in early studies

was primarily either broadcasted through TV programs

or stored onCD-ROMs. The linear nature of such video

instructions produced inconsistent results [24].

Recent advances in multimedia and communication

technologies have resulted in powerful learning

systems with instructional video components. The

emergence of non-linear, interactive digital video

technologyallows students to interactwith instructional

video. This may enhance learner engagement, and so

improve learning effectiveness. A major ‘media

attribute’ of interactive video is random access to

video content [45]—users can select or play a segment

with minimal search time. The concept is not new but is

taking on new forms. However, the effect of interactive

video on e-learning is still not well understood.

In our research, we mainly focused on investigating

the impact of interactive video on e-learning effec-

tiveness through an empirical study. Learning by

asking (LBA), a multimedia based e-learning system,

integrates multimedia instructional material including

video lectures, PowerPoint slides, and lecture notes.

The LBA system promotes high levels of interaction

by allowing learners to access individual video

segments directly. In our empirical study, there were

four different learning settings:
1. a
n e-learning environment with interactive video;
2. a
n e-learning environment with non-interactive

video;
3. a
n e-learning environment without instructional

video; and
4. th
e traditional classroom.

The learning outcomes and levels of learning satisfac-

tion in each setting were collected and analyzed to

yield a better understanding of how interactive video

can be used to improve e-learning.
2. Theoretical foundation

2.1. Constructivist learning theory

Constructivists view learning as a formation of

abstract concepts in the mind to represent reality. They

posit that learning occurs when a learner constructs

internal representations for his or her unique version of

knowledge [50]. Constructivism argues that inter-

active activities in which learners play active roles can

engage and motivate learning more effectively than

activities where learners are passive. Individuals are

assumed to learn better when they discover things by

themselves and when they control the pace of learning

[26]. Therefore, it is natural to expect that self-

directed, interactive learning would improve learning

outcome.

Constructivists put more emphasis on engaging

students in the process of learning than on finding a

correct answer. Many constructivists call for richer

learning environments that contrast with the typical

less interactive classroom environments relying on

instructors, textbooks, and lectures. Graphics, video,

and other media can help by interesting and engaging

learners. Brandt [9] suggested that constructivism

should be a basis for Web-based learning. Web-based

education supported by the constructivist theory

should thus enable learners to engage in interactive,

creative, and collaborative activities during knowl-

edge construction.

2.2. Cognitive information processing theory

Cognitive information processing theory is an

extension of the constructivist model, based on a

model of memory. It proposes processes and structures

through which an individual receives and stores

information and focuses on cognitive processes during

learning; these involve processing instructional input
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to develop, test, and refine mental models until they

are sufficiently elaborated and reliable to be effective

in novel problem-solving situations. The frequency

and intensity with which a student is challenged to

process and use instructional input should then

determine the pace of learning.

A major assumption of the cognitive learning

model is that a learner’s attention is limited and

therefore selective. With more interactive and richer

media available, a learner who prefers an interactive

learning style has more flexibility to meet individual

needs. Based on this, we assume that an instructional

method that provides a greater variety of interactions

and richer media should be more effective.
3. E-learning

3.1. Video-supported e-learning

Extensive research has shown that students benefit

from e-learning [5,25,39]. Some of the benefits are

that it:
� p
rovides time and location flexibility;
� r
esults in cost and time savings for educational

institutions;
� f
osters self-directed and self-paced learning by

enabling learner-centered activities;
� c
reates a collaborative learning environment by

linking each learner with physically dispersed

experts and peers;
� a
llows unlimited access to electronic learning

material; and
� a
llows knowledge to be updated and maintained in a

more timely and efficient manner.

Video allows students to view actual objects and

realistic scenes, to see sequences in motion, and to

listen to narration. The Virtual Classroom project at

NJIT uses asynchronous learning networks plus vid-

eotaped lectures to evaluate effectiveness of online

courses required for bachelor’s degrees in information

systems and computer science. Students who have

completed online courses tended to do as well as those

in traditional classrooms, although more online

students withdrew or took an incomplete grade.

Carnegie Mellon University’s just-in-time lecture
project (http://www.jitl.cs.cmu.edu) suggests that

video-based education and training systems support

the same level of teaching and learning effectiveness

as face-to-face instruction. A study probed students’

learning effectiveness in a Web environment by

comparing learning outcome in traditional instruction

versus that in an e-learning environment featured

with an asynchronous live switched video with

PowerPoint presentation stream [33].

Despite previous efforts, several aspects of

instructional video in e-learning have not yet been

well investigated. A major problem with the use of

instructional video has been lack of interactivity [15].

In most e-learning systems, learners cannot directly

jump to a particular part of a video. Browsing a non-

interactive video is more difficult and time consuming

than browsing a textbook, because people have to view

and listen to the video sequentially and thus searching

for a specific portion remains a linear process.

We here define interactive video as the use of

computer systems to allow proactive and random

access to video content based on queries or search

targets. Scholarly reports have criticized the

pedagogical approaches that focus on conveying fixed

bodies of information and view students as passive

recipients of knowledge [2]. If learners can determine

what to construct or create, they are more likely to

engage in learning [46]. Interactive video increases

learner-content interactivity, thus potentially motivat-

ing students and improving learning effectiveness.

Having video in small chunks that are well-indexed,

and easily manipulated and incorporated into lessons

is the first step to realizing its potential [29]. The

LBA system used in our experiment used video that

was logically segmented into small clips based on

content. We have searched for but not found e-learning

studies that have investigated the impact of interactive

video.

3.2. The learning by asking (LBA) system

LBA is a multimedia-integrated e-learning system

developed for our research. In order to increase the

interactivity and have learners more engaged, the LBA

system was designed and implemented to provide an

interactive and personalized online learning environ-

ment enabling self-paced, anywhere, just-in-time

knowledge acquisition.

http://www.jitl.cs.cmu.edu/
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Fig. 1. The interactive e-classroom of the LBA system.
In this empirical study, students in e-learning

groups used the interactive e-classroom sub-system

embedded in the LBA system [55]. A student can

watch a lecture with integrated instructional video,

PowerPoint slides, and lecture notes (Fig. 1). S/he can

see the video of the instructor, hear what he or she

says, and read associated slides and lecture notes.

These instructions are synchronized; thus, while an

instructional video is playing, the LBA system can

automatically present corresponding slides and lecture

notes.

In order to provide interactive video, logic

segmentation of the instructional video was per-

formed. Each video clip explains an individual slide. If

the learner does not interact, the whole lecture will

automatically ‘flow’ from beginning to end. However,

the learner can perform interactive operations at any

time by pressing the control buttons at the top of the

interface. For example, he or she can click the ‘Next’

button to skip the current video clip/slide/note or to

press the ‘Prev’ button to go back. When he or she

moves the mouse over the ‘Content’ button, a pull-

downmenu will display a hierarchical content index of

this lecture. The subject can then directly jump to any

particular video clip/slide/note by clicking a sub-topic

(i.e., random access to video content). As a result,

interactive video eliminates the linearity of traditional

video.
In the LBA system, video is delivered from a video

streaming server. It can be played as soon as a small

portion is received by the client computer rather than

after entire video is downloaded. A Web server, on

which most of the information processing takes place,

holds metadata of video and other instructional

material. The metadata contains a variety of descrip-

tive information about video clips, such as titles,

speakers, keywords, and starting/ending time, etc.
4. Development of hypotheses

Our major research question was: does interactive

video enhance the learner’s understanding and

improve learning effectiveness? The dependent vari-

ables were learning effectiveness, as measured by

students’ test scores, and perceived learner satisfac-

tion, as measured by a survey instrument.

Interactivity is considered desirable and it is

assumed that it can positively affect the effectiveness

of education [21]. Increasing interactivity in an e-

learning environment can reinforce concepts learnt and

provide the ability for on-demand learning. However,

there has not been empirical evidence to support these

assumptions. There are three types of interaction:

learner–instructor interaction, learner–learner interac-

tion, and learner–content interaction [32]. There has
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been some research on the effect of learner–instructor

and learner–learner interactions so we primarily

focused on assessing the impact of learner–content

interaction enhanced by interactive video.

Video is a powerful and expressive non-textual way

to capture and present information [16]. It provides a

multi-sensory learning environment that may improve

learners’ ability to retain information [49]. A number

of studies examined whether the learning outcome is

affected by the concurrent presentation of visual and

verbal information in video but they generated mixed

results. The video used in those studies was non-

interactive. Some suggested that video can enhance

learning outcomes due to vivid and fascinating

presentations; e.g., Nugent [35] compared several

components of video presentations and generally

found better retention for stories presented via the

combination of visual and auditory information than

those presented via a single information source. On the

other hand, other studies reported little impact of

video on learning outcome [14,30]. However, those

studies did not use online video. Although research

suggests that instructional video increase learners’

interest in subject matters and motivation of learning

[53], the linearity of non-interactive video may

severely reduce this potential effect.

Interactive video has not been widely used in e-

learning until recently due to limitations of network

bandwidth and multimedia technology. Interactive

video can help entice learners to pay full attention to

learning material through active interaction between

learners and instructional video [1,52]. It provides

effective means to view actual objects and realistic

scenes. Particularly, interactive video in an e-learning

environment not only provides visual and verbal cues

but also enables learners to view any video portion as

many times as they want. Therefore, we hypothesize

that interactive video will improve learning outcome.

The first hypothesis was:

H1a. Students who use the LBA e-learning environ-

ment with interactive instructional video will achieve

better test scores than do students who use it without

instructional video.

A number of studies have indicated that the overall

learning outcome of e-learning with instructional

video is either equal or superior to that of traditional
classroom learning [7,19]. However, the impact of

interactive video on learning effectiveness has been

largely neglected. In comparison to traditional class-

room learning, e-learning with interactive video offers

several distinct advantages:
1. I
t allows online learners to watch in-class activities

and listen to instructors repeatedly as needed,

while, in a traditional classroom, students may not

be able to ask instructors to repeat what they do not

understand. Therefore, interactive video may

provide better support to learners for understanding

the learning material and enhances self-paced

learning.
2. I
t enables random content access, which is

expected to increase learner engagement [3,57],

thus improving learning outcome and satisfaction.
3. I
t can increase the attention, involvement, and

subsequent learning through individualized learn-

ing [17]. Traditional classroom learning is more

instructor-centered, with controlled teaching pace

and content. Students may easily lose attention

when they do not follow the instructor.

Therefore, we propose that students in e-learning e-

nvironments with interactive video can outperform

those in traditional classrooms. So our second hypo-

thesis was:

H1b. Given the same amount of instructional time,

the test scores of students in the LBA e-learning

environment with interactive instructional video will

be better than those of students in the traditional face-

to-face classroom.

In an e-learning environment, students and instruc-

tors are physically separated. Increased student engage-

ment can improve learning outcome, such as promoting

problem solving and critical thinking skills. Studies

have suggested that learner engagement is higher

with interactive than passive multimedia instruction:

higher interactivity can lead to higher learner engage-

ment [10] and better learning outcome [11,34].

Although some prior studies that used TV broad-

cast or video players reported learning outcomes

comparable to those of a traditional classroom [18], an

important pedagogical consideration, the ability to

meet the learning needs of individual students, is

severely limited by lack of interactivity. The limitation
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of linear video-playing processes can prohibit

improvement of learning effectiveness.

Interactive video provides strong student motivation

and engagement [44]. An interactive video-based

learning system can be perceived as facilitating a

constructivist learning environment [48]. Interactive

video reduces limitations by providing control over the

learning process and aid in the self-construction of

competency of learning goals that result in greater

performance [8]. Past research shows that learning

achievement comparisons favor interactive over linear

video [13,38]. Therefore, we hypothesize that an e-

learning setting providing interactive video will help

learners achieve better learning outcome. So our third

hypothesis was:

H1c. Students who use the LBA e-learning environ-

ment that provides interactive videowill achieve better

test scores than do those in the LBA e-learning

environment that presents non-interactive video.

Degrees of learner satisfaction have been widely

used to evaluate the effectiveness of e-learning. E-

learning environments differ substantially from tradi-

tional classroom environments. The adoption and

success of this technology depends on learners’

acceptance of this learning format.

It has been shown that students find video material

attractive, leading to higher degrees of satisfaction

[42]. Interestingly, most prior studies, regardless of the

use of interactive [22] or non-interactive video [40],

reported higher levels of learner satisfaction than

learning without video. Hence, we proposed:

H2a. Students who use the LBA e-learning environ-

ment that provides interactive instructional video will

report higher levels of satisfaction than will those

using the LBA e-learning environment without

instructional video.

H2b. Students in the LBA e-learning environment

that provides non-interactive instructional video will

report higher levels of satisfaction than will those

using the LBA e-learning environment without

instructional video.

Previous studies have reported mixed results about

learners’ satisfaction with e-learning. Some found that

students were satisfied in general [4]. Students
reported higher levels of subjective satisfaction with

e-learning than with the traditional classroom learning

[20]. They especially liked the flexibility and self-

paced process. When an e-learning environment

provides interactive video, the higher degree of

process control can positively influence the effective-

ness of knowledge transfer and lead to higher self-

satisfaction [31].

In other studies, however, students were reported

less satisfied [43]; e.g., Maki et al. [28] reported that

students in the traditional classroom rated satisfaction

higher than those in e-learning environments. A

possible explanation is that students may experience

frustration or anxiety during online learning [54].

They are accustomed to traditional classroom learning

and when confronted with new technology-intensive

learning environments, they tend to have negative

attitudes that lessen but do not disappear over time. In

light of those contradictory arguments, our sixth

hypothesis was exploratory and non-directional:

H2c. Students who use the LBA e-learning environ-

ment that provides interactive instructional video will

report different levels of learning satisfaction than do

students in the traditional classroom.

Prior research linked higher levels of learner

control and interactivity with increased student

satisfaction [6]. Interactive e-learning environments

that provide more exploration and interactivity

capabilities can lead to higher degrees of learner

satisfaction [23]. They give learners more control over

both learning content and process to meet their

individual learning needs. Therefore, we propose the

final hypothesis:

H2d. The satisfaction levels reported by students who

use the LBA e-learning environment that provides

interactive instructional video will be higher than

those reported by students in the LBA e-learning

environment that presents non-interactive video.
5. Methodology

5.1. Research design

We conducted an experiment using the LBA system

as the e-learning environment to test our hypotheses.
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Table 1

Groups and treatments in the experiment

Groups Learning environments Group sizes

1 The LBA system that provided interactive instructional video 35

2 The LBA system that presented instructional video through VCR-type of video player (non-interactive video) 35

3 The LBA system that did not provide any instructional video 34

4 The traditional classroom environment where the lecture was offered in the traditional manner 34
Each subject participated in the study was randomly

assigned to one of four groups, which was then

randomly assigned to one of the four treatments (see

Table 1).

Many studies in computer-aided learning have used

a single session as the unit of analysis [41]. We argue

that there is a trade-off between using a single session

and using a sequence of multiple sessions. Although

the longitudinal approach can mitigate a potential

problem of the first approach, which the limited

duration of the experiments may be partially

responsible for the lack of convergent findings, it

has its own problems: it is difficult to control and

monitor learning activities of subjects. For example,

few longitudinal studies have reported or compared

the time spent by learners. If e-learning students spend

much more time on mastering the material than

traditional classroom students, then even if their test

scores may not differ significantly, it does not mean

that e-learning is as effective as classroom learning. In

general, the experimental control difficulty may lead

to problems while separating and interpreting effects

of various e-learning environmental factors on

learning effectiveness. Therefore, we chose a single

lecture session in our study.

While the traditional classroom group took the

lecture in a regular classroom, e-learning groups

participated in a research laboratory at different time

slots within the same day. The lab was equipped with

30 workstations with high-speed Internet connection

and with all the necessary software already installed.

Each subject had his/her own computer connected

with a headphone set to be able to listen to the

soundtrack of the video without disturbing others.

Although e-learning subjects took the online lecture

using the LBA system, the system interface for each e-

learning group was manipulated to be slightly different

from each other. The interface of the LBA system for

Group 1 (with interactive video) allowed subjects to

interact with video through control buttons. By
removing the control buttons, it became the interface

for Group 2 (with non-interactive video). Subjects in

this group could still use the ‘stop’ and ‘pause’ buttons

provided by the Real Player, as well as fast-forward or

rewind function by dragging the scroll bar. However,

the latter was not of much help for efficiently locating a

specific segment of the video due to the loss of audio

track and few scene changes in the instructional video.

The LBA system used by Group 3 presented only

PowerPoint slides and lecture notes but without video.

Group 4 (traditional classroom group) took the lecture

in a traditional format without using the system.

Because the focus of this study was individual

learning, rather than collaborative learning, and

because we wanted to control possible confounding

factors, learners were not allowed to use emails or an

online discussion forum embedded in the LBA system

to communicate during the experiment.

5.2. Subjects

Like most e-learning studies, undergraduate stu-

dents were chosen as subjects [27]. We recruited 138

undergraduate students from a large university located

in the south-west of the United States. Students were

clearly informed that this experimental study was

provided as a bonus assignment of the course, and they

could participate in it on a voluntary basis. In order to

encourage serious participation, the instructor agreed to

offer up to 5 extra credits (5%with respect to their total

course grades) to participants based on their individual

performance. Participants were recruited frommultiple

sessions of an introductory course in MIS. Subjects

came from seven departments across the campus, such

as MIS, electrical engineering, communications, and

arts. They were either freshmen (92%) or sophomores

(8%). Fifty nine percent of the subjects were male.

Because the objective of this study was mainly to

investigate the effect of interactive video on learning

effectiveness, learner characteristics were not con-
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sidered as independent variables; the study depended

on random distribution of participants across treat-

ments to balance out individual differences. Partici-

pants completed a preliminary survey two weeks

before the experiment to provide their demographic

information such as age, GPA, computer experience,

and prior experience of e-learning. A series of analysis

did not find significant difference among four groups

on those dimensions. The average age of participants

was less than 21 (90%). None of participants had any

previous experience with e-learning. Therefore, we

could assume homogeneity of pre-experiment skills,

e-learning experience, and learner characteristics

among groups. Such subject homogeneity avoided

complicated effects potentially caused by disparate

characteristics of heterogeneous learners.

5.3. The lecture content

The lecture topic in the experiment was Internet

search engines, a part of the Internet technology section

in the course syllabus. Therefore, we avoided the

problem of asking subjects to learn a subject matter that

was outside their course. The lecture introduced basic

concepts of information retrieval, different types of

search engines, and explained how search engines

work.

The instructor in the traditional classroom group

also prepared the online instructions in advance,

including a videotaped lecture, slides, and lecture

notes, which were processed and stored in an online

knowledge repository for the e-learning groups. When

giving the lecture to the traditional classroom group,

the instructor taught the same content as he did in the

instructional video.

5.4. The procedure

Subjects in all e-learning groups went through the

same procedure:
(1) I
ntroduction: At the start of each session, the

objective and procedure of the experiment were

clearly described.
(2) P
re-test: Subjects took a written pre-lecture test,

which included a number of true–false and

multiple-choice questions. The questions were

about basic concepts that the lecture would
introduce. The purpose of this test was to examine

how much a subject already knew about the topic.

No significant differences in pre-test scores

among the four treatment groups were discovered.
(3) L
earners who were to use the LBA system

received about 5 min of training during which

they saw a brief live demonstration about how to

watch an online lecture using the LBA system.

They were given the same amount of time to

familiarize themselves with the system. The

system had been designed and implemented with

an easy-to-use interface and no participant

reported any difficulty in using it.
(4) O
nline lecture session: After all participants

understood how the system worked, they were

given 50 min to watch the online lecture. The

instructional video, which was prepared in

advance, lasted about 29 min. This gave partici-

pants extra time to review the learning material.

There were 20 slides in this lecture.
(5) P
ost-test and questionnaire: At the end of each

session, participants were given another written

exam, consisting of objective questions (with

standard answers) about the lecture content, such

as calculating TF-IDF values of terms in a

document and describing three basic approaches

to searching the Web. The question types in the

post-test were similar to those in the pre-test, but

questions were more specific and difficult. After

the test, each participant was required to fill out a

questionnaire to assess his or her perceived

satisfaction and to give feedback on the system

and their learning experience.
Both pre- and post-tests were closed book, closed

notes. During e-learning sessions, participants could

take notes but they were not allowed to discuss issues

with each other, thus eliminating the influence of peer

interaction on individual performance. The potential

test scores ranged from 0 to 50. The duration of the

lecture session and tests were the same for all e-lea-

rning groups.

The traditional classroom group was given the

same lecture. The content of the real-time lecture was

controlled to ensure its consistency with that of the

online lecture. Participants in the classroom group

went through the same procedure as that of e-learning

groups, except that the steps 3 and 4 were replaced by
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Table 3

Mean differences (P-values) between groups on learning outcome

(post-gain)

Groups 2 3 4

1 6.49 (0.005)** 7.41 (0.001)** 10.47 (0.00)**

2 0.92 (0.967) 3.98 (0.184)

3 3.06 (0.417)

** The mean difference is significant at the 0.01 level.
a 50 min regular in-class lecture and review session.

They were allowed to ask questions about the lecture

content as usual.

Each participant was given a hard copy of the

PowerPoint slides at the beginning of each session.

The learning outcome was measured by the difference

between individual post- and pre-test scores (repre-

sented as ‘post-gain’). The pre- and post-tests were

graded by two graduate teaching assistants who knew

nothing about the experimental treatments. In the

questionnaire, participants were asked to rate their

satisfaction with learning effectiveness using a 7-point

Likert scale, ranging from extremely dissatisfied (1) to

extremely satisfied (7), as well as to provide open

comments on the system.
Table 4

Descriptive statistics of learner satisfaction

Groups Means Standard

deviations

N

E-learning group with

interactive video (1)

6.46 0.56 35

E-learning group with

non-interactive video (2)

5.94 0.84 35

E-learning group without

instructional video (3)

5.74 0.75 34

Traditional classroom group (4) 5.03 0.67 34
6. Analyses and results

Scores of both pre- and post-tests were examined

for ceiling and floor effects; none was found.

During the experiment, the LBA system also

automatically captured every learner-content inter-

active operation (control-button click by each

subject) in the e-learning group with interactive

video. The average number of random content access

was 7.3 per participant.

Table 2 shows the means and standard deviations of

learning outcomes of students in different experi-

mental groups. We performed a one-way, between-

subjects analysis of variance (ANOVA), with differ-

ences between pre- and post-test scores (post-gain) as

the dependent variable and experimental treatment as

the independent variable. The results indicate that

there is significant difference among the group means

(F(3, 134) = 9.916, P = 0.00).

Results of a post-hoc Tukey test are shown

in Table 3; they show that the post-gain of the
Table 2

Descriptive statistics of learning outcome in different treatments

(post-gain)

Groups Means Standard

deviations

E-learning group with interactive video (1) 34.1 8.87

E-learning group with linear video (2) 27.7 8.85

E-learning group without any video (3) 26.7 10.02

Traditional classroom group (4) 23.7 8.79
e-learning group with interactive video that allow-

ed random content access (group 1) was signifi-

cantly higher than that of the other three groups.

Therefore, hypotheses H1a, H1b, and H1c received

support.

In addition, there was no statistically significant

difference in the post-gain between the e-learning

group with non-interactive video (group 2) and the e-

learning group without any video (group 3). This

implies that the interactive video with random

content access may help students enhance under-

standing of the material and achieve better perfor-

mance, while non-interactive video may have little

effect.

Table 4 lists the means and standard deviations of

satisfaction levels of all groups. The results of a one-

way ANOVA analysis reveal significant difference
Table 5

Mean differences (P-values) between groups on satisfaction

Groups 2 3 4

1 0.51 (0.014)* 0.72 (0.00)** 1.43 (0.00)**

2 0.21 (0.621) 0.91 (0.00)**

3 0.71 (0.00)**

* The mean difference is significant at the 0.05 level.
** The mean difference is significant at the 0.01 level.
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among the group means by satisfaction levels (F(3,

134) = 23.696, P = 0.00). Table 5 presents the results

of a post-hoc Tukey test.

The post-hoc Tukey test revealed that students in

the e-learning group with interactive video that

allowed random content access (group 1) reported

significantly higher levels of satisfaction than any of

the other three groups. Therefore, hypotheses H2a,

H2c, and H2d are supported. Students in all three e-

learning groups had significantly higher levels of

satisfaction than those in the traditional classroom

group (group 4). However, students in the e-learning

group with non-interactive video (group 2) had

equivalent levels of satisfaction to those in the e-

learning group without any video (group 3)

(P = 0.62), so H2b is not supported.
7. Discussion

The tests supported our hypotheses on the positive

effects of interactive video on both learning outcome

and learner satisfaction in e-learning. Our findings

provide some insights on how to present instructional

video in an e-learning environment in order to

achieve higher effectiveness.

Students in the LBA group with non-interactive

video achieved equivalent test scores and levels of

satisfaction to those in the e-learning group without

video. This implies that simply integrating instruc-

tional video into e-learning environments may not be

sufficient to improve the e-learning effectiveness.

Daily has argued: ‘‘One of multimedia’s strongest

contributions to learning is increased visualization’’

[12]. Our findings confirm those of previous research

that the use of linear instructional video in education

does not always have positive effect. Video may lead

to better learning outcome, but results are contingent

upon the way it is used.

Many participants in the group 1 reported in their

questionnaires that they liked the capability of

interacting with multimedia instructions the most.

In the meantime, a number of students in the non-

interactive group commented on the difficulty of

efficiently skipping or browsing for a specific portion

of the video. As a result, some were reluctant to re-

watch the video when they failed to understand the

content. This study provides some empirical evidence
to the importance of interactivity of video instructions

in e-learning.

This study has several limitations. First, the scope

of the study was limited: the success with e-learning

may vary by content and some topics or courses may

be better-suited to e-learning than others. Second, this

experiment examined a single class session. Further,

longitudinal studies can examine whether the identi-

fied effects can be obtained throughout an entire

course. Third, we used undergraduate students in an

American university, who were appropriate for this

e-learning research. Results should be generalizable

across populations. However, currently, we cannot

offer empirical support that they do.

Although the findings in this study are encouraging,

we are not in a position to claim that interactive video-

based e-learning is always superior to traditional

classroom learning. The value of e-learning may

depend on many factors, including learners, instruc-

tors, technology (e.g., e-learning environments them-

selves), production values, and content. However, this

study does show that, under certain circumstances,

interactive e-learning can produce better results than

other methods.
8. Conclusion

Researchers have reported mixed results with

deploying multimedia e-learning systems. Our study

demonstrated that simply incorporating video into e-

learning environments may not always be sufficient to

improve learning. Interactive video that provides

individual control over random access to content may

lead to better learning outcomes and higher learner

satisfaction. The study offered an explanation for

inconsistent findings reported in previous studies. It

suggests that interactivity can be a valuable means to

improve learning effectiveness in e-learning environ-

ments.
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a b s t r a c t

Improving the effectiveness of learning when students observe video lectures becomes urgent with the
rising advent of (web-based) video materials. Vital questions are how students differ in their learning
preferences and what patterns in viewing video can be detected in log files.
Our experiments inventory students’ viewing patterns while watching instructional videos. Four viewing
styles were postulated and checked for correlations with existing learning styles and the recent signaling
of parallels with the learner’s short-term memory capacity. Finally we checked whether learners’
awareness of their actual viewing style potentially contributed to learning outcomes.
The viewing behavior of 50 undergraduate students has been investigated. The students performed an
individual learning task based upon instructional videos. Felders learning styles test and Huai’s short-
termmemory test were used and checked for correlation. Video recordings in a usability lab were used to
measure the students’ viewing behavior. A multiple-choice test was integrated to measure possible
learning effects. Moreover, students were interviewed afterwards.
No strong correlation between the viewing styles and pervasive personal traits of students was
perceived. Some students seem to switch their viewing style based upon their cognitive need, without
lowering their test score. This flexibility of the student in adapting his viewing behavior might account
for the missing correlation between pervasive personality traits and viewing styles. Students scored 20%
higher on the test scores when using an awareness instruction.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The challenge to improve the effectiveness of learning by using video lessons has become urgent as web-based materials contain more
and more video and control tools for the learner. Earlier research into the ideal length of video fragments was based upon interactive video
such as those via video discs when the zapping user was an unknown phenomenon. The web has created a much more autonomous and
flexible student attitude. If we want to improve any aspect of students’ learning from video, it is inevitable to typify and understand how
they differ in their learning preferences (Yang & Tsai, 2008). The question arises what patterns in viewing video can be detected in logging
files.

The experiment described in this paper is the third stage of a research project that investigates the possibilities to make learning
management systems adaptive based upon log files from streaming media servers. In the first experiment (De Boer & Tolboom, 2008), four
viewing scenarios based on anonymous entries in log files from streaming media servers were defined.

In the second experiment (De Boer, 2010), the log files were inspected for meaningful indications on how to adapt further to the
individual leaning processes of students. In this third experiment, the viewing behavior of students was linked to pervasive personality traits
like their learning style and the capacity of students’ short-term memory.

Video is being used increasingly as an instructional tool in education and therefore it becomes important to optimize the learning process
of students fromvideo lessons. Furthermore, students are instructed to enhance their learning skills to from text but not fromvideo. Finally,
interacting with the control buttons of a media player gives students only standard tools to interact (start and stop) with video hardly
supporting the learning process.
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Streaming video servers are frequently used to distribute video to students nowadays. These servers are logging event queues: (pausing,
rewinding, etc) in so-called log files. Just as in e-business, log files can be used for personalization and evaluation. In educational settings,
however, the use of log files for mining purposes has not yet been employed to a large extent (Hewitt, Pedretti, Bencze, Vaillancourt, & Yoon,
2003). Log files aremostly used for detecting errors in the infrastructure andwill be deleted as theymay reduce overall system performance.
Shih, Feng, and Tsai (2008) have observed a clear trend that more and more studies were utilizing learner’s log files as data sources for
analysis.

However, it seems worth investigating in order to find out the best way to chunk video streams into meaningful segments for the sake of
optimizing study results. If the viewing behavior of a student potentially influences his or her learning outcomes, we can also use these
loggings for delivering individual feedback to the student. More adaptive and more effective learning management systems may be applied
the coming years.

The rest of this paper is organized as follows. In Section 2, the literature review is focused on the use of streaming video and the collection
of log files. In Section 3, the background of learning styles and short-term memory is presented. In Section 4, the use of some adaptive
systems is given. In Section 5, the research setup of the experiment is presented. In Section 6, experimental results are presented. Finally, the
discussion is given in Section 7.

2. Relevant work

Our earlier research will be presented in this section, together with relevant work, and the research question.
The experiment in this paper is part of a research project. The experiments in this project investigate the possibilities to make learning

management systems more adaptive at run-time, based on log files from streaming media servers. In the first experiment (De Boer &
Tolboom, 2008), four viewing scenarios were defined based on anonymous entries in log files from streaming media servers. One of
those scenarios was ‘viewing by zapping’ where a student seems to zap through a video episode. According to earlier research (Blijleven,
2005), a broken link between the learning task and the learning process could be the cause of this. Also, the zapping viewing scenario
shows patterns of the ‘undirected’ learning style as distinguished by Vermunt (1992).

In the second experiment (De Boer, 2010), learning processes and learning styles were investigated further. It demonstrated that
students’ learning processes (constituting a learning task) could be monitored through the use of log files. However, there was no clear link
between viewing scenarios of students and their learning style. Vermunts learning style model includes not only a cognitive perspective but
also a self-regulating and motivation perspective.

The third experiment addresses the main topic of this paper and focuses on the cognitive perspective and investigates whether the
students’ viewing behavior is determined by pervasive personality traits. The question is how this understanding can be used in order to
optimize student results. The theoretical underpinning has been based upon earlier work by Huai (2000), who found a correlation
between the learning style and the short-term memory of a student. Learners with a weaker short-term memory need to derive lost
elements in short-term memory by actively recruiting and elaborating elements from long-term memory. Learners with a holistic style
build a muchmore integrated knowledge structure that pays back in terms of flexible problem solving and a much larger factual repertoire
in the long run.

The question for the experiment is if and how the linear and holistic learning style can been detected in students’ viewing behavior while
learning from video segments. The research question was formulated as: Does a student’s viewing behavior correlate with more pervasive
personality traits such as short-term memory capacity?

The interaction moments of a student were explored in the context of his navigation while learning from video segments. Navigation is
carried out with the control buttons of themedia player andmay have several purposes. For instance, students may pause a video in order to
explore a complicated still framewith a high information density. Students can also return to a specific segment of the video or the complete
video. Interacting with the control buttons of the currently standard Windows Media Player allows the student only basic tools to interact
with the video resources.

Optimizing the order of video segments in terms of meaningful episodes is therefore of prime importance. Ausubel (1960) primed the
idea of “advance organizer”. It implies that meaningful learning can be provoked by initiating the semantic conceptual skeleton before
subsuming its subordinate details.

Verhagen (1992) investigated the optimumvideo segment length in the early nineties. He defined the maximum number of questions as
the total amount of information elements. He distinguished some typical information elements and roles in the segment lengths chosen by
a group of students. His goal was to formulate design rules for learning fromvideo material. The outcome showed that students often halted
when a video segment seemed to be finished, e.g., the change of the camera angle.

Each interaction with the control buttons of the media player results in a separate entry in a log file from the streaming media server.
Specific combinations of these entries from one student in log files can be conceived as a “viewing scenario”. De Boer and Tolboom (2008)
observed students’ viewing scenarios while watching instructional videos. The logged interaction events have in common that students
prefer to escape from the default viewing sequence for a variety of reasons. For instance, the student may want to improve his under-
standing of a specific segment before continuing with the next segment or he want to memorize the contents. These interactions will be
labeled as stopping moments further on.

Four entries and five attributes in a log file from a streaming media server are shown in Table 1.

� IP-address is the user’s IP address.
� Date and Time is the time when the streaming event starts.
� Starting Point is the starting position in the instructional video where streaming begins.
� Duration is the period of watching the streamed media.

There are several entries for the student with a certain IP address. Combining these entries allows the researcher to typify the pattern in
viewing behavior of a specific student. Table 1 shows a typical zapping scenario: short viewing times (duration) in each entry.



Table 1
Log file data from a streaming media server (zapping scenario).

IP-address Date (m:dd:yyyy) Time (hh:mm:ss) Starting point (in sec.) Duration (in sec.)

10.0.1.54 3/13/2006 10:13:43 0 3
10.0.1.54 3/13/2006 10:13:46 241 1
10.0.1.54 3/13/2006 10:13:48 413 1
10.0.1.54 3/13/2006 10:13:50 525 2
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De Boer and Tolboom (2008) defined four viewing scenarios: one-pass, two-pass, repetitive and zapping scenarios. Table 2 describes the
viewing behavior of these four viewing scenarios.

The student’s choice among the four viewing scenarios in this first experimentwas not determined by thewill to achieve a high test score
because there were no tests in the learning task. Combinations of several viewing scenarios were investigated in the second experiment (De
Boer, 2010). In this third experiment however, a test will be used in a controlled situation and therefore we will not investigate the zapping
scenario further.

3. Viewing patterns and learning styles

In this section, the underpinning theory about learning styles and short-term memory will be discussed in relation with viewing
patterns.

Learning styles and learning strategies are usedquite often in the sameway in research. Kirby (1984)madeadistinctionbetweenstyles and
strategies: style is a stablewayof approaching taskswhile strategies areways of handling particular tasks. Two relevant strategies of Craik and
Lockhart (1972) for this research aremaintenance rehearsal versus elaboration. Maintenance rehearsal is the strengthening of elements in the
short-term memory through repetition. Elaboration is the meaning-oriented rehearsal using related knowledge from long-term memory.

The elaboration learning strategy from Craik & Lockhart is similar to the two-pass viewing scenario (recruiting semantically-related
knowledge from one’s long-term memory), often labeled as a process of meaningful elaboration. Its role is to establish connections among
prior and new concepts in the student’s mind. In terms of cognitive style we may distinguish elaboration versus maintenance as two
complementary trends to memorize. In terms of study approach we may recognize elaboration as a way to prioritize the process of
understanding rather than merely memorization. The maintenance rehearsal approach learning strategy is similar to the repetitive viewing
scenario through the refreshing of memory. A viewing scenario based upon rehearsal implies that a student needs support based on the
chronological order of the video segments. Therefore it is a kind of maintenance rehearsal and also rote learning (learning by repetition).

Following Craik & Lockhart and De Boer (2010), who suggested to use the term viewing style, we introduce the next terms for the viewing
behavior of students: elaboration viewing style,maintenance-rehearsal viewing style, and linear viewing style. In Table 2 we list these viewing
styles including the zapping style from our earlier experiments.

Our research question focuses on a correlation between the viewing behavior of a student and pervasive personality traits like learning
style and short-termmemory, based on earlier work of Huai (2000). She signaled a parallel between the students’ learning style and his/her
short-term memory capacity. Huai studied the descriptions of learning styles and cognitive styles for the design of her short-term memory
test which we also used in our experiment. Cognitive styles are related to the organization and control of cognitive processes and learning
styles to the organization and control of strategies for learning and knowledge acquisition (Messick, 1987). Learning styles can be considered
as a stable way of approaching learning tasks that are characteristic of individuals (Biggs, 1988). Huai defined four learning styles on the
dimension holistic versus serialistic: holists, serialists, versatiles and the unknown-style. Serialists adopt a sequential learning approach and
concentrate on details and procedures. Holists adopt a global, thematic approach to learning. Versatile students may adopt both approaches.
Students with “unknown-styles” do not display ingredients of learning styles anyway.

Huai also explored the relation between short-term memory and learning styles. Short-term memory, according to (Ashcraft, 1989) is
a working memory system where the information is held for further mental processing. It can hold a variety of informational codes,
acoustical information, etc. Its capacity is limited. Miller (1956) suggested that short-termmemory span is seven plus or minus two chunks.
A chunk is a cluster of items. The functional duration of short-term memory is about 15–20 s and fades away without maintenance or
elaboration rehearsal. Huai showed that holists have a lower capacity of short-term memory and serialists a higher short-term memory
capacity. Students, who score low on a short-termmemory test, are expected to pause or rewind the videos at an earlier moment compared
to students who score high on this test. We included this understanding in our experiment whether or not styles are related to the students’
short-term memory and their subsequent learning style in terms of holistic/serialistic sequencing approach.

Huai used the Smugglers Test in her experiment to score the learning style (serialist–holist) which is time consuming and therefore of
little use in online learning environments. Graf, Lin, and Kinshuk (2008) indicate that we can use the score on the dimension understanding
(serialist–global) to measure the serialist–holist learning style when using the ILS test of Felder and Silverman (1988). Felder & Silverman
introduced 32 learning styles embedded in five dimensions: perception, input, organization, processing, and understanding. They further
introduced five teaching styles in order to accommodate these learning styles also based on five dimensions: content, presentation, orga-
nization, student participation and perspective. Felder & Silverman advocate addressing all possible learning styles in a classroom with all
Table 2
Viewing scenarios, viewing behavior, and viewing styles.

Viewing scenario Viewing behavior Viewing style

One-pass scenario A student watches a video in one-pass (uninterruptedly) from the beginning to the end Linear
Two-pass scenario A student watches a video again after finishing the first time in one-pass Elaboration
Repetitive scenario A student watches parts of a video repeatedly Maintenance rehearsal
Zapping scenario A student skips through the instructional video at intervals of relatively short viewing times Zapping
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possible teaching styles to some extent. They developed an online Inventory of Learning Styles. This online test measures four of the five
dimensions with eleven questions per dimension. All 44 questions were scored, but only the 11 questions on the dimension understanding
(sequential–global) were used.

4. Adaptation

In this section some uses of adaptive systems and the operational research questions will be discussed.
Learning style and learning strategies are often proposed as a basis for constructing more adaptive learning systems. Abell (2006) has

described a model guided by learning styles and emerging digital media to individualize learning with the help of intelligent agents. Tseng,
Chu, Hwang, and Tsai (2008) have proposed an innovative adaptive learning approach based upon twomain sources of personalization, that
is, learning behavior and personal learning style.

Schiaffino, Garcia, and Amandi (2008) identify twomain research directions: adaptive educational systems and intelligent tutor systems.
The latter ones are characterized by its continuous efforts to optimize both the system responsiveness and the learners’ meta-cognitive
awareness. Instead of the opportunism to adapt the medium to the latent learner traits, it provokes the learner to become more active and
cope with his/her unbalanced mental trend or even mental repertoire. Adaptive educational systems accommodate the variety in the
presentation of content and navigation through the student’s profile. Intelligent tutor systems recommend educational activities and deliver
individual feedback according to the student’s profile. Schiaffino, Garcia, & Amandi proposed an agent (eTeacher) that can be considered as
an intelligent tutor who unobtrusively observes the student’s behavior and builds the profile.

In order to detect a student’s learning style, Garcia, Schiaffino, and Amandi (2008) explored a Bayesian network representation. During
the course, this network is filled with information. Chen (2008) uses a genetic-based e-learning system with personalized learning path
guidance on the basis of incorrect test responses of a pre-test. Özpolat and Akar (2009) proposed an automated model to detect the learning
style of a student. All prior examples make use of the Felder & Silverman model to classify learning styles.

Designing adaptive learning environments on the basis of learning styles is based on the idea that the styles are stable along time and
across learning task periods. Huai (2000) experimented this hypothesis and found evidence both in literature and experimental outcomes.
The use of learning styles has also been questioned: they are a simplification of the many dimensions and can hardly explain the essence of
individual learning characteristics. Willingham (2009) ignored the occurrence of learning styles. Learner differences are important: in fact
many of them exceed the impact factor of personality traits and sequential preferences, for example:

� their motivation to learn the subject in question (if the motivation’s not there, it has to be stimulated)
� their prior knowledge of the subject (novices need more structure and support; “scaffolding”)
� the extent to which they’ve learned how to learn (independent learners will be much less demanding)

Some models, like the one by (Vermunt, 1992), include factors such as motivation. This reduces the stability of learning styles over time
because the motivation of a student changes. He argues that four distinct learning styles can be discerned: an undirected, a reproduction
directed, a meaning directed and an application directed learning style.

A recent survey (Peterson, Rayner, & Armstrong, 2009) on learning styles shows considerable consistency among the researchers on the
potential impact of learning style in educational settings. One of them is the use of awareness about learning styles of students and teachers.

We propose to use a more adaptive form of teaching compared to Felder & Silverman and also the use of adaptive learning management
systems. Our approach is to use log files from streaming video to design in real-time more adaptive learning management systems. In this
way we are not dependant on previous and possibly wrong or outdated information about their learning style.

Cook (1991) examined learners’ learning style awareness among a group of 78 college students in order to determine to what extent
learning style awareness can be regarded in isolation of teaching styles and if these students would benefit from this awareness in terms of
academic achievement. Cook found a significant difference in academic achievement in favor of the learning style awareness group.

The concept of learning style awareness was adopted in our experiment in order to enhance learning outcomes from tests. For this
purpose students were confronted with their actually-performed viewing sequence.

The operational research questions:

1. Do viewing styles go together with pervasive personality traits such as manifested learning styles and short-term memory?
Earlier experiments of De Boer and Tolboom (2008) failed to show any relationship between manifest sequential preferences and its

underlying personality traits. Attempts were given to reproduce the link between short-term memory and learning styles as shown by
Huai and Kommers (2001). The dominant viewing style was analyzed for students’ short-term memory capacity (measured by Huai’s
test) and their learning styles (measured by the learning style test of Felder & Silverman).

It can be expected that students, with a higher short-term memory capacity transcend from the given chronology only at a later
moment in the instructional video based upon their cognitive need. We also expected that students, who watch the instructional video
in one-pass, develop a more saturated short-term memory.

2. Do students show a consistent preferred viewing style while watching instructional videos?
To see whether the viewing style itself is a pervasive personality trait, we logged and analyzed the learners’ viewing style (linear,

elaboration, or maintenance rehearsal) during the confrontation with the instructional videos. The dominant registered viewing style
category was defined as ‘preferred viewing style’. Interaction with the instructional video is based upon students’ cognitive need so that
we also looked at the test scores to see if there are differences based upon their viewing style. We expected that students, who use more
than one viewing style, scores lower on the test scores.

3. Can viewing style awareness promote higher learning outcomes?
In order to test a possible effect of awareness on learning outcomes, a group of students participated under two conditions:

(Randomly chosen) half of the students got an awareness instruction and the other students did not. We expected that students who
were made aware of their viewing behavior show higher learning outcomes.



Table 3
The periods and the number of students that followed the course about photography.

Group Period Nr. of students

1 February 2009–April 2009 22
2 May 2009–July 2009 9
3 November 2009–January 2010 19

Total 50
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5. Research setup

In this section the research setup of our experiment will be presented.
In this experiment, 50 undergraduate students in three groups at the Hanze University of Applied Sciences followed a nine week course

about photography (Table 3). During oneweek of this course they learned how to shoot portraits with flash in a photo studio and how to use
equipment for the digital darkroom and photo studio like a flashlight and a light meter. We made five instructional videos about the use of
this equipment. Relevant conditions for the first and second group were kept the same. Two conditions changed for the third group in order
to test the effect of awareness on their learning outcomes.

The students had to follow the next three steps during this experiment:

1. Students were instructed about the learning task and the multiple-choice tests.
2. Students performed the learning task with five videos and five tests. An interview after the learning task was held about the specifics of

their viewing behavior.
3. Students had to perform the short-term memory test of Huai (pictorial test and numbers and strings test) and learning style test of

Felder & Silverman.

The learning task in Step 2 for this experiment consisted of a 20-min introduction lessonwith five instructional videos and five multiple-
choice tests on how to use photographic equipment (Table 4). Students were requested to watch and pause parts of the video based upon
their cognitive need in order to optimize one’s retention effect.

After witnessing each of the instructional videos the students had to do an assignment with three multiple-choice questions with four
options each. We instructed them to pause or rewind the video at the specific moment when they thought they could not answer all the
questions of the multiple-choice test. Research of Verhagen (1992) described the stopping strategy of students: 69% of the students stop in
order to avoid false answers to the test questions.

The short-term memory test of Huai was used to score the short-term memory of students. The validity and reliability of this test is
discussed in her thesis. Another test, The Amsterdam Short-TermMemory (ASTM) test (Schagen, Schmand, de Sterke, & Lindeboom,1997), is
a test of negative response bias or insufficient effort and therefore has not been used. The short-term memory test of Huai consists of two
parts. The first part is called pictorial test and the second part numbers and strings test. Both tests have about ten questions. They score
recognition (multiple-choice questions) and recall (open questions). From the STM-test of Huai we used only the total of the pictorial test
and the numbers and strings test.

The learning styles of students were scored using the online Inventory of Learning Styles of Felder & Silverman. Validity and reliability of
this test is discussed by Felder and Spurlin (2005). Students filled in 44 questions online about all four dimensions of the learning style. The
results of this test were returned on the screen and printed for further analysis. From the online learning style test of Felder & Silverman, all
44 questions were scored but only the 11 questions on the dimension understanding (sequential–global) were used. Each question is
a multiple-choice questionwith two options: one on the sequential scale and one on the global scale and one point per question. This gives
a maximum score of 11 on both scales. When a student scores 1 or 3 points, he is considered well balanced on the two dimensions, 5 or 7
points a moderate preference for one dimension, and 9 or 11 points a very strong preference for one dimension.

The learning task was recorded in a usability lab (Fig. 1) with an eye tracker. Eye tracking is normally used for testing for instance the
usability of websites. Analysis of eye movements is done in relation to a specific task. In recent studies, eye tracking is also used to study
cognitive processes in multimedia learning environments (van Gog, Kester, Nievelstein, Giesbers, & Paas, 2009). In this experiment however,
the eye tracker was primarily used as part of the so-called retrospective think-aloud method (Guan, Lee, Cuddihy, & Ramey, 2006). In this
method, students are interviewed directly after the learning task using the video recording capability of the eye tracker. This recording
includes a screen capture, the eye movements, the mouse movements, the surroundings with a web-cam and the sound. The student and
the researcher together view the recording immediately after the experiment. The student is therefore able to recognize his learning process
and answer questions in a more objective way. We did record and used the eye movements in the interviews but ignored its data in our
further analysis.
Table 4
The instructional videos used, the topics covered and the number of multiple-choice questions.

Instruction video nr. Topic covered Length (m:ss) Nr. of questions

1 Short introduction flashlight equipment 0:53 3
2 Flashlight equipment 0:53 3
3 Flashlight meter 1:12 3
4 Linking the flash equipment with the digital reflex camera 1:35 3
5 RAW format and photo editing software 3:30 3



Fig. 1. The usability lab used in the experiment.

J. de Boer et al. / Computers & Education 56 (2011) 727–735732
In order to measure higher learning outcomes due to awareness of learning styles, the multiple-choice test after video five was adapted.
The number of questions of this test was changed from ten to twelve to avoid that too many students scored the maximum test score
(clipping). The learning effects were calculated by asking the students during the last interviewwhich multiple-choice questions they could
have answered without watching the corresponding instructional video. Due to the low number of questions, a regular pre-post test could
not be used. Half of the students were randomly assigned to get an awareness instruction about their viewing behavior using the retro-
spective think-aloud method after the fourth video.

Log files were collected on the streamingmedia server. After the experiment these logging datawere collected into one file and imported
in SPSS. Entries originating from other computers (with other IP-address than the one from the usability lab) were eliminated, the planning
schedule of the experiment was used to determine the user name of the student so we could label all entries in the log files for further
analysis (i.e., determination of the viewing styles from log files).

Segmentation in five parts of the instructional video was done after a pre-test of the first test design. In this first design there was only
one video with all five segments and a length of 8:07 min with an assignment with 15 multiple-choice questions at the end. Students from
this pre-test did stopmostly after the segment points and indicated afterwards that this was due to changing of topics and camera angle and
not of possible pass at the test. This confirms the findings of Verhagen (1992): 56% of the students in his research indicated that they stopped
when an episode came to an end.

Verhagen (1992) also defined the maximum number of questions as the amount of information elements His research indicates segment
length up to 22 information elements is appropriate. The teacher of the photography course created a total of 30 possible multiple-choice
questions. This also supports segmentation of the video in smaller segments with less information elements.

The instruction to the student was adapted and indicated explicitly that the test was a multiple-choice test. Some students indicated that
they changed their viewing behavior of the videos after the first test where they discoveredwhat the exact form of the assignmentwas. They
did not articulate the recall approach and thus switched to recognition as soon as they discovered the test to be expected was a multiple-
choice test. Their viewing scenario changed from two-pass to one-pass in this pre-test. By adapting the instruction therewas a correction for
this phenomenon.
6. Results

In this section the experimental outcomes will be presented.
During the interviews held afterwards we asked the students about the technical and instructional quality of the instructional videos and

they all assessed these as good. Care was taken not to mention facts that could influence the recall effects.
The first research question is: Do viewing styles go together with pervasive personality traits such as manifested learning styles and short-

term memory?
Huai’s finding of the relation between students’ learning style and short-term memory capacity was targeted (Table 5). The students’

short-term memory capacity was measured with the short-term memory test of Huai. The learning style was measured with the online
Inventory of Learning Styles test of Felder & Silverman. When a student scores 1 or 3 points, (s)he is considered to be well balanced on the
two dimensions, 5 or 7 points a moderate preference for one dimension, and 9 or 11 points a very strong preference for one dimension.
Table 5
The short-term memory (STM) capacity of students and their learning styles (sequential or global).

Short-term memory capacity Preference sequential learning style (5–11) Balanced on both dimensions (1–3) Preference global learning style (5–11) Total

High STM (25.5–29.5) 0 3 1 4
Medium STM (16.0–25.0) 4 15 0 19
Low STM (11.5–15.5) 1 6 1 8
Total 5 24 2 31



Table 6
The nr. of students with preferred viewing styles, scored from four instructional
videos.

Preferred viewing style Nr. of students

Linear 12
Maintenance rehearsal 5
Linear and maintenance rehearsal 4
Elaboration 5
Linear and elaboration 5
Total 31
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Students with a low short-term memory capacity are expected to have a more global learning style and student with a high short-term
memory capacity are expected to have a more sequential learning style. Only one of the students falls in one of these categories. Conclusion
is that the link between short-term memory and learning styles by Huai cannot be reproduced here.

A search was made for a correlation between short-term memory capacity and viewing styles in video in two ways. Firstly, we selected
those students who stopped before the end of the video; watching until the end of a video implies that the server stops streaming. The
viewing style belonging to this viewing behavior ismaintenance rehearsal and we used instructional video 4, which contained the most data
with maintenance rehearsals and the corresponding stopping moments in the instructional video. The Pearson correlation between short-
term memory and their stopping moment is �0,11. Conclusion is that the link is weak and negative.

Next was the search for students who manifested a linear viewing style. These students did not interact with the video in order to
optimize the retention. We expect that those students have a high short-termmemory. Instructional videos 3 and 5 were used. Instructional
video 3 contained a complex instruction about the use of a light bulb. Instructional video 5 was the longest in duration and contained the
most dense information elements. Not all students with a linear viewing style displayed a high short-termmemory capacity: about 40% still
have a weaker short-term memory.

The conclusion is that there is not a strong correlation relationship viewing styles and pervasive personal traits like learning styles and
short-term memory.

The second research question is: Do students show a preferred viewing style while watching instructional videos?
The preferred viewing style of a student has been defined as the viewing style with the highest recurrence. This was scored in four

instructional videos. The first video was not used in the analysis because most students use this video to familiarize themselves with the
research setup. This is an even number, so students may demonstrate two preferred viewing styles, each with two occurrences, according to
our definition (Table 6). The viewing behavior of the three viewing styles (linear, elaboration and maintenance rehearsal) is described in
Table 2.

From 31 students, only 22 students had a preference for one viewing style. Nine students still had a preference for two viewing styles.
Following Huai (2000), we will call these students versatiles.

The strength (number of occurrences in the four instructional videos) of the preferred viewing styles was also investigated. From 31
students, only 19 students had a strong preference for one viewing style, the rest did not.

In order to see howwell the students optimized their cognitive need, themean test score per viewing style was calculated. This mean test
score is slightly higher for those students who applied the elaboration viewing style.

To see if switching viewing styles lowers the test results, the total test score of the versatile students versus students was investigated
with one preferred viewing styles. Switches viewing styles did not negatively influence the test score.

Viewing style switchers were also investigated from the perspective of switching from a passive (linear) viewing style to a more active
viewing style (elaboration and maintenance rehearsal) and vice-versa (Table 7). Most students switched to an active style while viewing
instructional video 3 and 5.

Optimizing the cognitive need of students can lead to a more active viewing style and a slightly higher test score when switching from
linear viewing style to elaboration viewing style. Not all students show a preferred viewing style while watching instructional videos. Some
students switch their viewing style based upon their cognitive need and this does not lower their test score.

The conclusion is that viewing styles do not correlate directly with the more pervasive learning styles as mentioned before. Switching
viewing styles however does not impair the test scores.

The third research question is: Can awareness about students’ viewing style be used to achieve higher student results?
Investigated was whether the difference in test results can be enlarged through raising the awareness level of students about their

viewing styles. The same experiment was repeated as before with another group of students (N¼ 19). Two changes were made as described
in the research setup. After instructional video 4 the student was interviewed and their viewing styles were determined. Half of the students
were given randomly an awareness instruction and a test with 12 multiple-choice questions (Table 8) was integrated. The learning effects
were calculated by asking the students during the last interview which multiple-choice questions they could have answered without
watching the corresponding instructional video.
Table 7
Test scores before and after switching viewing style in instructional video 3 and 5.

Viewing style before switching Viewing style after switching Test score before switching Test score after switching Nr. of students

Linear Maintenance rehearsal 26 26 5
Linear Elaboration 24 28 5
Maintenance rehearsal Linear 25 24 11
Elaboration Linear 26 26 8



Table 8
Learning effect of students in instructional video nr. 5, with or without an awareness instruction.

Nr. of students Test score Learning effect

Awareness instruction not applied 9 84.4 38.9
Awareness instruction applied 10 101.0 52.0
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The test scores and learning effects of students, who got an awareness instruction, are about 20% higher. Conclusion is that the learning
outcomes are higher when students get an awareness instruction.

A strong correlation between the viewing styles and pervasive personal traits like the short-term of students was not perceived.
Switching viewing styles however does not lower the test scores. Students can score 20% higher on the test scores through the use of an
awareness instruction.
7. Discussion

In this section we will discuss the results from our experiments and pilots.
This experiment investigates backgrounds of the viewing behavior of students while watching instructional videos. Preferences in their

viewing behavior and correlations of this behavior with pervasive personality style traits were therefore researched. Investigated also was
whether learning outcomes can be enlarged through raising the awareness level of students about their viewing styles.

Students from a pilot of the experimental setup stopped right after the segment transition inmost of the cases. They indicated afterwards
that this was due to changing of topics and camera point and not so much because of memorization for the sake of test expectations. This
confirms the findings of (Verhagen,1992): 56% of the students in his research indicated that students mostly stopped when an episode came
to an end. Verhagen defined the maximum number of questions as the amount of information elements. His research indicates that
a segment length of about 22 information elements is appropriate. The teacher of the photography course created a total of 30 possible
multiple-choice questions. This also supports segmentation of the video in smaller segments with less information elements.

Some students in the same pilot indicated that they changed their viewing style of the videos after the first test where they discovered
what the exact form of the assignment was. They did not study with emphasis on recall but changed to recognition as soon as they
discovered the test was a multiple-choice test. The essence of the conclusion is that in case of video viewing students typically lack the skills
and the attitude to adapt the viewing behavior to the actual state of cognitive need during the learning process. So far it was found that
viewing sequences do not reflect a trivial pattern. It raises the question how video players should elicit the learner to express the actual
learning need and cognitive preference even sharper. Schiaffino et al. (2008) found that students with a global learning style could benefit
from reading a summary of the course materials first.

The link between short-term memory and learning styles cannot be reproduced as Huai did. There are also no strong correlations
between (preferred) viewing styles and personal traits like learning styles and short-term memory. Huai did use another test (Pask’s
Smugglers test) in order to score the dimension serial–global. Possibly the conclusion of Graf et al. (2008) is not correct which was the basis
of our change in test. However, the Smuggler test is more time consuming to use than the real-time use of log files, so this would inhibit the
use of adaptive learning management systems in real-time.

Not all students showed a preferred viewing style while watching instructional videos. Some students even seem to switch their viewing
style based upon their cognitive need and this does not lower their test score. This flexibility of the student in adapting his viewing behavior
is in line with the missing correlation between pervasive personality traits and learning styles found earlier in this experiment.

Interviewing students about their viewing behavior in other educational videos showed some strategy-oriented reasons. One student
said: I first watch the movie, and then I try to guess which questions will be asked and then I rewatch those specific fragments. This example also
shows that students indeed can switch flexible between viewing styles. The term viewing strategy is therefore proposed instead of viewing
style to account for the flexible changing of the viewing behavior of students.

The test scores and learning effects of students, who got an awareness instruction, are about 20% higher. This is in line with the recent
survey (Peterson et al., 2009) on learning styles. The student population however was so small so that we could not use analysis of
covariance to compensate for distributions in the knowledge level.

Further research has to be done. Firstly, the number students in the population will be increased to investigate whether students can
indeed achieve higher learning outcomes and to compensate for distributions in the knowledge level. Secondly, we will investigate how
students can be made aware of their viewing behavior in such a way that it does not interfere with their learning process.
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ABSTRACT

This chapter discusses a theoretical framework for designing multimedia in which manipulation, rather 
than perception, of objects plays the predominant role. The framework is based on research by cogni-
tive psychologists and on Engelkamp’s (1998) multimodal model of action-based learning. Although 
the assumptions of Engelkamp’s model should be helpful for instructional design, they are not complete 
enough to include the additional demands of multimedia learning. These additional demands can result 
in unintended actions, involve sequences of related actions, and require reflection about domain-specific 
knowledge. Actions can be performed on either physical or virtual manipulatives, but virtual manipu-
latives exist in idealized environments, support continuous transformations of objects, and allow for 
dynamic linking to other objects, symbols, and data displays. The use of manipulatives in the Building 
Blocks and Animation Tutor projects provide illustrations.

INTRODUCTION

In his preface to The Cambridge Handbook 
of Multimedia Learning Mayer (2005) defines 
multimedia learning as learning from words 
(spoken or printed text) and pictures (illustrations, 
photos, maps, graphs, animation, or video). The 
Cambridge Handbook consists of 35 excellent 
chapters on many aspects of multimedia learning 
that emphasize the viewing of pictures. However, 

the word “manipulation” does not appear in the 
index. This does not imply that the manipulation 
of objects is ignored in the chapters but action 
receives comparatively little discussion compared 
to perception. 

The purpose of this chapter is to provide a 
theoretical framework for designing multimedia 
in which manipulation, rather than perception, 
of objects plays the predominant role. The term 
“manipulation” in this chapter refers to the 
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movement of an object by a person. The object is 
typically referred to as a “manipulative” in instruc-
tion and although the chapter focuses on virtual 
manipulatives that exist on a computer screen, it 
also includes research on physical manipulatives 
that exist in the environment. Examples include 
superimposing shapes to estimate relative areas 
and selecting and combining parts to build an 
object. Clicking on navigation buttons and chang-
ing parameters in simulations are not included as 
examples of manipulation.

The discussed theoretical framework for using 
manipulatives is based on research by cognitive 
psychologists that should be relevant to the design 
of multimedia instruction. It must be emphasized 
that the objectives of the laboratory tasks created 
by cognitive psychologists often differ from the 
objectives of the instructional software created 
by instructional designers. However, at this early 
stage in applying cognitive psychology to instruc-
tional design, I decided not to prejudge which 
findings will be most helpful and so include a 
variety of results that potentially could influence 
the effectiveness of manipulatives.

I use Engelkamp’s multimodal model of 
learning to organize these findings and refer to 
recent research to illustrate assumptions of his 
model. I next discuss applications of the model 
to instruction by considering some differences 
between the free recall of action phrases that 
forms the empirical basis of his model and the 
instructional learning of schematic knowledge. 
Although instruction may use physical manipula-
tives, there are some advantages to using virtual 
manipulatives that I discuss in the next section. I 
conclude by summarizing two multimedia projects 
before proposing future directions. 

BACKGROUND

There are few theoretical frameworks for un-
derstanding the role that object manipulation 
plays in instruction. In my article on cognitive 

architectures for multimedia learning (Reed, 
2006) only one of the six theories incorporated 
action. Engelkamp’s (1998) multimodal theory 
was designed to account for the recall of long 
lists of action phrases such as “saw wood”, “play 
a flute”, “blow out a candle”, and “water a plant”. 
The recall of action phrases is a very different task 
than the ones designed for multimedia learning 
but the central finding of this research is relevant. 
That finding – labeled the enactment effect – is 
that acting out phrases results in better recall than 
simply reading phrases (Engelkamp, 1998).

The multimodal components of Engelkamp’s 
theory are illustrated in Figure 1. They consist of 
a nonverbal input (visual) and output (enactment) 
system and a verbal input (hearing, reading) and 
output (speaking, writing) system. All four of these 
modality-specific components are connected to a 
conceptual system. Engelkamp (1998) describes 
the many assumptions of his multimodal theory 
in his book Memory for Actions. I have listed the 
major assumptions (and page numbers) in Table 1 
(See Appendix) and evaluate them below within 
the context of recent research on memory and 
reasoning.

1. Recall of observed actions should differ from 
that of performed actions because different systems 
are involved in encoding. 

Engelkamp proposes that observations en-
code visual information about movement but 
performance encodes motor information, as is 
illustrated in Figure 1. One application of this idea 
to instruction is that observed actions can lead to 
performed actions such as initially observing an 
instructor’s dance steps or tennis serve. Subse-
quent recall can then be influenced by both visual 
memories of observing the instructor and motor 
memories of performing the action. 

One implication of this assumption is that 
a person should be better at recalling verb-ac-
tion phrases by enacting them than by verbally 
encoding them or by observing another person 
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enact them. Steffens (2007) recently reported 
that although such results are typically found 
for action phrases, she did not find an advantage 
of enactment over observation for goal-directed 
actions. Students were instructed to either “Pack 
the backpack exactly as I instruct you” (enact-
ment), “Watch closely how I pack the backpack” 
(observation), or “Listen well while I tell you what 
you need to pack” (verbal learning). The results 
of two experiments did not reveal an advantage 
of enactment over observation although both 
encoding tasks were superior to verbal learning 
(in which the objects were also visible). Steffins 
proposed that enactment creates excellent item-
specific encoding that is helpful for recalling 
unrelated phrases but does not create relational 
encoding that is helpful for recalling goal-directed 
actions.

 
2. Although both sensory and motor processes 
exert a positive influence on retention, each of 
these influences should be independent of each 
other.

This assumption mirrors the assumptions of 
Paivio’s (1986) dual coding theory in which two 
memory codes (visual and verbal for Paivio) pro-

vide two opportunities for recall if the memory 
codes are at least partially independent. However, 
this assumption raises questions about when visual 
and motor codes are independent because the actor 
can usually observe her actions or because sensory 
experiences are often the precursors of action. For 
example, the coordination of perception and action 
is the key assumption of the theory of event encod-
ing (Hommel, Musseler, Aschersleben, & Prinz, 
2001) that integrates perception and action into 
a common representational framework. Sensory 
and motor memory codes could therefore be more 
coordinated than independent and discovering 
when each occurs is an important theoretical and 
applied problem.

Research by Schwartz and Black (1999) dem-
onstrates that the extent to which visual and motor 
codes are coordinated depends on the task. They 
instructed students to tip a glass of “water” (its 
level indicated by a mark on the glass) until it 
would pour from the glass. Students did the task 
with a blindfold but were allowed to readjust the 
angle after removing the blindfold. Fifteen of 
the 16 participants correctly increased the angle 
after viewing it, indicating that their perceptual 
and motor codes differed. However, when asked 
to tilt the glass to a specified angle (such as 2 

Figure 1. A flow chart of Englekamp’s (1998) multimodal memory theory
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o’clock), participants did not readjust the angle 
after viewing it. In this task the motor and visual 
codes appeared to be coordinated.

3. Planning an action should lead to poorer recall 
than performing an action because the perfor-
mance includes planning. 

Engelkamp proposes that only part of the 
motor information should be available when the 
action has been planned but not yet performed. 
Evidence from brain-imaging studies now indi-
cates the involvement of motor areas in the brain 
during the recall of enacted action phrases. In a 
study by Nilsson activity in the right motor cortex 
was strongest following encoding by enactment, 
intermediate following imaginary enactment, 
and lowest following verbal encoding (Nilsson, 
Nyberg, Aberg, Persson, & Roland, 2000). The 
stronger activation of the motor cortex follow-
ing enactment should help people remember the 
action.

However, recent research showed that both 
actual manipulation and imagined manipulation 
of toy objects greatly increased memory and 
comprehension of text when compared to a control 
group that read the text twice without manipula-
tion (Glenberg, Gutierrez, Levin, Japuntich, & 
Kaschak, 2004). Children in the second grade 
were initially shown commercially available toys 
that consisted of either a farm scene (animals, 
tractor, barn, hay), a house with several rooms and 
people (mother, father, baby), or a garage scene 
(gas pumps, tow truck, car wash). The children 
in the manipulation condition either physically 
manipulated the toys or imagined manipulat-
ing the toys after reading each sentence. The 
researchers suggested two reasons why manipu-
lation is helpful. The first is that manipulation 
helps young readers map the words to the objects 
they represent. The second is that manipulation 
helps children derive inferences by constructing 
a mental model of the situation described in the 
story. Children who manipulated the objects did 

better on questions about spatial relations that 
were not explicitly stated but could be inferred 
from the story.

4. Responses can be controlled either from the 
conceptual system or directly from the particular 
input system without going through the conceptual 
system.

 
This assumption reminds us that manipula-

tion is not necessarily meaningful for students. 
In commenting on the mixed results of research 
that has used manipulatives, Thompson (1994) 
proposed that instructors must continually ask 
what they want their students to understand 
rather than what they want their students to do. 
Although the material is concrete, the concepts 
behind the manipulations may not be obvious 
because of students’ ability to create multiple 
interpretations of actions.

Manipulation with limited understanding was 
observed by Moyer (2002) when she recorded how 
10 teachers used manipulatives. The teachers had 
attended a 2-week summer institute on the use of 
a Middle Grades Mathematics Kit that included 
base-10 blocks, color tiles, snap cubes, pattern 
blocks, fractions bars and tangrams. They made 
subtle distinctions between real math that used 
rules, procedures, and paper-and-pencil tasks and 
fun math that used the manipulatives. Unfortu-
nately, the fun math typically was done at the end 
of the period or the end of the week and was not 
well integrated with the “real” math.

5. Encoding of relational information occurs 
only in the conceptual system through a process 
of spreading activation. 

The basis for this assumption is the excellent 
item-specific, rather than relational, encoding 
produced by enactment (Engelkamp & Seiler, 
2003). However, research by Koriat and Pearl-
man-Avnion’s (2003) challenges this assumption 
by showing that the free recall of action phrases 
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can be clustered by either the similarity of move-
ments or the similarity of meaning. A person 
who recalled the phrase “wax the car” might 
next recall “spread ointment on a wound” based 
on similar motor movements. Evidence for the 
creation of conceptual relations would include 
recalling together phrases that had similar mean-
ings. A person who recalled the phrase “wax the 
car” might next recall “pour oil into the engine” 
because both phrases refer to cars.

Undergraduates at the University of Haifa were 
required to either enact each phrase (enactment 
instruction) or simply say the phrase aloud (verbal 
instruction). The enactment instructions required 
students to imagine the object and pantomime 
the described action as if the object were present. 
Students in the enactment condition primarily 
recalled together phrases based on similar move-
ments, whereas students in the verbal condition 
primarily recalled together phrases based on 
similar meanings. The authors concluded that the 
different conditions influence the relative salience 
of different types of memory organization and 
their relative contributions to recall. However, as 
found in many other experiments, the enactment 
of the phrases resulted in better recall than simply 
reading aloud the phrases. 

6. Performing an action makes it difficult to form 
new associations in the conceptual system because 
performing an action forces concentration on 
information relevant to the action.

 
This assumption provides a word of caution 

for instructional designers. Although there is 
extensive evidence for the enactment effect, too 
much focus on actions could distract from learn-
ing new information if attention is shifted away 
from concepts. Research by Shockley and Turvey 
(2006) demonstrated that performing an action 
can also reduce retrieval of old associations. Their 
participants were given 30 seconds to retrieve 
instances from a semantic category such as four-
legged animals. Swinging hand-held pendulums 

reduced the number of successful retrievals.
However, action can also facilitate reasoning 

as shown by the finding that gesturing reduced 
the cognitive demands on working memory when 
students explained mathematical solutions (Wag-
ner, Nusbaum, & Goldin-Meadow, 2004). This is 
more likely to occur when the gestures and verbal 
explanation are compatible. But the mismatch 
between information conveyed by gesture and by 
speech provided useful diagnostic information, 
such as indicating when students were consider-
ing different solution options as they reasoned 
about problems.

APPLICATION TO INSTRUCTION

The assumptions of Engelkamp’s multimodal 
theory form a theoretical foundation for think-
ing about the design of multimedia instruction. 
The enactment effect – the robust finding that 
acting out action phrases results in better recall 
than reading phrases – forms the basis for the 
theory and for the inclusion of manipulatives in 
instruction. 

However, it is important to keep in mind 
that Engelkamp’s theoretical assumptions were 
formulated from research on the free recall of 
action phrases. Instructional use of multimedia, 
in contrast, typically requires the learning of in-
tegrated schematic knowledge to produce a deep 
understanding of both procedures and concepts 
(Baroody, Feil, & Johnson, 2007). One conse-
quence of using manipulatives to teach schematic 
knowledge is that students can perform actions 
that differ from the ones intended by the instruc-
tional designer. Another difference between the 
free-recall and instructional paradigms is that 
schematic knowledge usually requires the inte-
grated learning of action sequences rather than the 
recall of independent actions. A third difference is 
that acquisition of schematic structures requires 
reflecting on actions rather than simply recalling 
them. A fourth-difference is that instruction in-
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volves learning domain-specific knowledge rather 
than forming associations among words. 

Unintended actions.  One challenge for using 
manipulatives in instruction is that students’ ac-
tions can differ from normative ones. A formative 
evaluation of one of the modules in the Animation 
Tutor software (Reed, 2005) illustrates this chal-
lenge. The design of the Dimensional Thinking 
module attempts to correct students’ tendency 
to inappropriately apply proportional reasoning 
to area and volume For instance, many students 
believe that doubling the diameter of a circle will 
double its area and doubling the diameter of a 
sphere will double its volume. Attempts to correct 
such misconceptions with static diagrams have 
been largely unsuccessful (De Bock, Verschaffel, 
& Janssens, 2002). Brian Greer, Bob Hoffman, 
and I therefore designed the Dimensional Think-
ing module so students can virtually manipulate 
diagrams of circles, squares, cubes, and irregular 
figures to learn when proportional reasoning does 
and does not apply.

The module begins with a sign in the window 
of a pizza parlor that shows the prices of pizzas 
with different diameters. A 12-inch pizza sells 
for $6.99 and a 20-inch pizza sells for $12.99. It 
then raises the following question of which is the 
better value. A proportional reasoning solution 
of dividing price by diameter would reveal that 
the smaller pizza sells for $0.58 per inch and the 
larger pizza sells for $0.65 per inch. Students who 
use this approach should falsely conclude that the 
smaller pizza is a better value.

Kien Lim did a formative evaluation of the 
Dimensional Thinking module by assigning it 
to 19 freshmen in his science laboratory class at 
the University of Texas, El Paso. Eleven of the 
students initially decided that the 12-inch pizza 
was the better value. Later in the module students 
were asked to compare the relative sizes of the 
two pizzas by determining how many smaller 
pizzas would cover the area of the larger pizza 
(see Figure 2). They were again asked which was 

the better buy. Only three of the eleven students 
switched from the 12- to the 20-inch pizza and 
one student switched from the 20- to the 12-inch 
pizza. The interesting aspect of the results is that 
those students who still claimed the 12-inch pizza 
was the better buy had a mean estimate of 2.26 
small pizzas to cover the large one. Those students 
who claimed the 20-inch pizza was the better buy 
estimated that it would take 3.35 small pizzas to 
cover the large one. These two means differed 
significantly and indicate that although students’ 
answers were influenced by their manipulations, 
underestimation of relative area was correlated 
with incorrect decisions.  

The formative evaluation revealed that this 
aspect of the instruction needs to include more 
guidance about estimating relative area and using 
relative area to make best-buy decisions. The larger 
pizza would still be the better buy even if it were 
only 2.26 times as large because it costs only 1.86 
times as much. Allowing students to calculate 
exact proportions rather than make estimates may 
help them make better decisions.

Action sequences. Making comparisons by 
dragging smaller circles over a larger circle is 
more typical of the use of object manipulation 
in instruction than is recalling a list of action 
phrases. This raises a different set of challenges 
for instructional researchers such as determining 
whether students can integrate action sequences 
and avoid interference from performing similar 
actions. This challenge is particularly timely 
because of Steffins’ (2007) recent finding that 
enactment is not superior to observation for 
recalling goal-directed actions such as packing 
a backpack.

Edwards’ (1991) research on middle-school 
children’s learning transformation geometry is 
a good example of learning sequences of ac-
tions. The children used a set of simple Logo 
commands to slide, rotate, pivot, reflect, flip, and 
scale geometric forms. After gaining experience 
with each transformation, they played a match 



  57

Manipulating Multimedia Materials

game the encouraged them to supimpose two 
congruent shapes by using as few transforma-
tions as possible.

 A study that Jeffrey Johnsen and I performed 
some years ago illustrates the challenge that stu-
dents face in learning sequences of actions (Reed 
& Johnsen, 1977). The task required solving the 
missionaries and cannibals problem by moving 
tokens across a “river”. The intentional group 
was told to try to remember their moves because 
they would have to solve the same problem a 
second time. The incidental learning group did 
not know they would have to solve the problem 
twice. Students in the intentional group improved 
more on their second attempt than students in the 
incidental group and two subsequent experiments 
evaluated what these students had learned.

There was no significant difference between 
the two groups in their ability to recall what move 
they made at the different problem states or select 
the best move at a problem state. Problem solv-
ers were not very accurate in remembering the 
details, perhaps because of the similarity of the 
problem states that differed only in the number 
of missionaries and cannibals on each side of the 
river. Instead, students in the intentional group 

were better at learning more generic strategies 
such as moving cannibals across the river during 
the first third of the sequence and missionaries 
across the river during the second third of the 
sequence. Learning action sequences needs to 
be part of a theoretical framework for the use of 
manipulatives.

Reflection. The intentional learners may have 
learned more about effective strategies because 
they reflected on their actions rather than simply 
solved the problem. Both action and reflection are 
important components of Piaget’s theory. Action 
is important because knowledge for Piaget is fun-
damentally operative; it is knowledge of what to 
do with something under certain possible condi-
tions. Piaget (1977) subsequently emphasized the 
importance of reflection in his book Recherches 
sur l’abstraction réfléchissante. According to 
Robert Campbell (2001), who translated the book 
into English as Studies in Reflecting Abstraction, 
reflection became an important part of Piaget’s 
theory rather late in his prolific writing career. 

Campbell illustrates Piaget’s use of this con-
cept through an example in which Piaget uses 
poker chips to teach multiplication as repeated 
addition. For instance, children are asked to place 

Figure 2. A screen design that allows for dragging small circles over a large circle
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three chips in a row, followed by placing another 
three chips in the same row. According to Piaget, 
children have to perform two types of abstraction 
to think about multiplication as repeated addition 
(2 x 3 = 3 + 3). The first is to recognize how many 
chips they are adding each time. The second is to 
keep track of the number of times that they add the 
same amount. This requires the use of reflecting 
abstraction to abstract a property of their actions. 
Reflecting abstraction is required to create new 
knowledge such as recognizing that adding 2 
chips three times produces the same number of 
chips as adding 3 chips two times (3 x 2 = 2 x 3). 
Learning from manipulatives requires students 
to not only remember their actions, but to reflect 
on the consequences of their actions.

Domain-specific knowledge. Reflecting on 
actions, however, will not be sufficient if stu-
dents lack domain-specific knowledge to guide 
their reflections. A study that compared learning 
domain-specific schemas with learning general 
strategies found that the more specific (schema-
based) instruction was superior to general strategy 
instruction (Jitendra et al., 2007). The schema-
based instruction taught third-grade children to 
solve addition and subtraction word problems by 
learning problem types such as change, group, 
and compare (Marshall, 1995). The general-strat-
egy instruction taught a four-step procedure to 
read and understand the problem, plan to solve 
the problem, solve the problem, and check the 
solution. The plan step included more specific 
advice such as using manipulatives (counters) 
to act out the information in the problem. The 
schema-based instruction was more effective 
in improving students’ ability to solve the word 
problems. However, both strategies were equally 
effective in improving computational skills, 
which the investigators attributed to the use of 
diagrams in the schema-based instruction and 
the use of manipulatives in the general-strategy 
instruction.

ADVANTAGES OF MANIPULATIVE 
SOFTWARE

Piaget and many others have studied the instruc-
tional consequences of manipulatives by using 
physical objects such as poker chips. However, 
there may be some unique advantages to using 
virtual manipulatives in computer-based instruc-
tion. Three advantages are that computers make 
it easier to create idealized environments, dy-
namically link materials, and produce continuous 
transformations of objects.

Idealized environments. One advantage of ma-
nipulating virtual objects over real objects is that 
virtual objects exist in idealized environments. 
For example, there are many advantages of using 
computer-based laboratory materials including 
portability, safety, cost-efficiency, and flexible, 
rapid, and dynamic data displays. As distance 
learning becomes more wide spread, there will 
be a greater need for the virtual manipulation of 
objects.

An example is the use of virtual objects to 
teach children how to design scientific experi-
ments by isolating and testing one variable at a 
time (Triona & Klahr, 2003). The task required 
4th- and 5th-grade students to evaluate how vari-
ables such as the length, width, wire size, and 
weight influence the stretching of a spring. After 
selecting pairs of springs and weights from a 
computer display, children saw a video of how 
far the springs stretched. 

Triona and Klahr compared a group of children 
who trained on the instructional software with a 
group of children who trained with real springs 
and weights. Their results showed that children 
who trained with the virtual materials were as 
capable in correctly designing experiments as 
children who trained with the physical materi-
als. Following training, both groups were asked 
to design experiments to evaluate the effects of 
four variables on the time it would take a ball to 
roll down a ramp. Only physical materials were 
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used on this transfer task. Again, the group who 
had trained on virtual springs did as well as the 
group who had trained on real springs in design-
ing experiments with real ramps, even though 
they had not interacted with physical materials 
during the training.

Another study compared the effectiveness of 
constructing and evaluating toy cars in either a 
real or virtual environment (Klahr, Triona, & Wil-
liams, 2007). Seventh and eighth-grade students 
assembled and tested the cars in order to design a 
car that would travel the farthest. Computer-based 
virtual design was again equally effective and it 
avoided some of the problems encountered when 
assembling real cars. These included real cars that 
did not travel straight, had wheels that were too 
tight, and required a long corridor for testing. The 
investigators concluded that their findings support 
the effectiveness of manipulating virtual objects 
for learning designing experiments. This does 
not imply that teachers should abandon hands-on 
science materials, but teachers should not assume 
that virtual materials are less effective. 

Dynamic linking. Another potential advantage 
of multimedia learning environments is that ac-
tions on screen-based objects can be dynamically 
linked to more abstract information to establish a 
direct mapping between actions and mathemati-
cal structures. As discussed by Kaput (1994), a 
central problem of mathematics education is to 
create functional connections between the world of 
experience and the formal systems of mathemat-
ics. Instructional animations developed by Kaput 
allow students to observe both how changing the 
speed of an object is reflected in a graph and how 
physically manipulating the shape of the graph 
changes the speed of an object. Bowers and Doerr 
(2001) report findings from a qualitative study, 
using Kaput’s Simcalc software, that the dynamic 
linking of two graphs helped prospective teachers 
better understand the relations among distance, 
rate, and time. The students could manipulate the 
relations in one graph to observe how the relations 
would change in a corresponding graph.

In contrast, a quantitative study by Thompson 
(1992; see also Thompson, 1994) failed to find 
that the dynamic linking of base-ten blocks with 
decimal numbers improved performance in a pre-
test-posttest design. However, interviews revealed 
that the children who used the Blocks Microworld 
repeatedly made references to actions on symbols 
as referring to actions on virtual blocks because 
of the dynamic linking of symbols and blocks. 
This contrasts with observations of other children 
whose operations on symbols and wooden blocks 
were typically thought of as separate activities. 

One of the limitations in using manipulatives 
is that they may be introduced too late. Resnick 
and Omanson (1987) expressed disappointment 
in how seldom their students referred to Dienes 
blocks in a subtraction task, which they attrib-
uted to the students’ automated use of symbols. 
Thompson proposed that students in his blocks 
group assimilated instruction on decimals into 
previously learned operations on whole numbers. 
He argued that “if students memorize a procedure 
meaninglessly, it is extremely difficult to get them 
to change it, even with extended, meaningful 
remediation” (Thompson, 1992, p. 144). 

Continuous variation. The manipulation of 
blocks is typical of tasks using manipulatives 
in which students perform actions on discrete 
objects. However, an advantage of virtual manipu-
latives is that it is easier to perform actions that 
produce continuous variation of variables. Figure 
3 shows a screen design that Bob Hoffman and I 
recently created to teach students about variables 
in algebra word problems. Students are instructed 
to raise and lower the height of the second bar to 
vary both the balance and owed interest on the 
Visa card. Varying this bar changes the height and 
amount of the Total Interest bar. It also changes 
values in the equation. 

The purpose of this variation and dynamic 
linking to other objects and numbers is to dem-
onstrate that variables can take on different values 
but only a single value satisfies the constraint that 
the total interest is $165. The use of symbols (typi-
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cally letters) to represent unknown quantities in 
algebra word problems is initially a challenge for 
students because letters have many other uses in 
mathematics classes besides the representation of 
unknown values (Philipp, 1992). The continuous 
variation of objects that are dynamically linked 
to variables in equations will hopefully make the 
concept of a variable less abstract for students.

ILLUSTRATIVE PROJECTS

The Building Blocks project, which is in the final 
stages of evaluation, provides an example of the 
effectiveness of instruction designed around the 
virtual manipulation of objects. It is an exemplary 
model of multimedia design and evaluation. The 
Animation Tutor project is in the initial stages of 
evaluation but illustrates the application of some 
of the ideas in this chapter to current research.

The Building Blocks project. The Building 
Blocks curriculum (Clements & Sarama, 2007) 
demonstrates the effectiveness of manipulatives. It 
is an NSF-funded curriculum development project 

that has created technology-enhanced mathemat-
ics materials for children in pre-kindergarten 
through second grade. The materials are designed 
to build on children’s intuitive knowledge to help 
them learn both spatial-geometric concepts and 
numeric-quantitative concepts. The project’s 
title reflects both its literal and metaphorical 
goals. Building blocks are physical and virtual 
manipulatives that help children form cognitive 
building blocks by creating, copying, and com-
bining discrete objects, numbers, and shapes to 
represent mathematical ideas.

The numeric concepts include verbal and ob-
ject counting; number recognition, comparison, 
sequencing, and composition; adding, subtract-
ing, and place value. Activities such as placing 
toppings on pizza support acquisition of these 
concepts. Geometric concepts include shape 
identification, composition, and construction; 
turns, measurement, and patterning. Combining 
different shapes to make pictures supports these 
concepts. Although both physical and virtual ma-
nipulatives are part of the curriculum, the unique 
advantages of software include linking virtual 

Figure 3. A screen design that allows for the continuous variation of a variable
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manipulatives to numbers, providing feedback, 
and guiding children along learning trajectories 
by moving backward or forward depending on 
performance.

A summative evaluation of the Building Blocks 
curriculum demonstrated its effectiveness in im-
proving mathematical skills (Clements & Sarama, 
2007). The experimental teachers inserted the 
Building Blocks activities at appropriate points 
during the day while the comparison teachers 
used the school’s typical mathematics activities 
that included most of the same concepts covered 
in the experimental curriculum. The investiga-
tors measured the performance of all children at 
the beginning and end of the school year. Results 
showed that the experimental group scores in-
creased significantly more than the comparison 
group scores for both number (effect size = .85) 
and geometric (effect size = 1.47) concepts.

These large effect sizes are a result of the ex-
tensive research (both within and outside of the 
project) of how children acquire numerical and 
geometric concepts. The summative evaluation 
provides empirical support for the effectiveness 
of computer software that uses manipulatives to 
improve mathematical reasoning. The Building 
Blocks project should serve as a role model for 
the design of future research projects.

The Animation Tutor project. The Animation 
Tutor project is another NSF-funded curriculum 
development project that uses computer graphics 
to support mathematical reasoning. It consists 
of eight modules that apply high-school level 
mathematics to topics such as population growth, 
chemical kinetics, safe driving distances, task 
completion times, average speed, and personal 
finance (Reed & Hoffman, in press). 

Bob Hoffman, Albert Corbett, and I are con-
ducting a study to determine whether the kinds 
of graphics created for the Animation Tutor will 
help prepare students for solving problems on the 
Algebra Cognitive Tutor developed at Carnegie 
Mellon University. The Algebra Cognitive Tutor 
provides effective feedback to help students learn 

procedures for solving algebra problems (Ritter, 
Anderson, Koedinger, & Corbett, 2007). Our goal 
is to determine whether object manipulation will 
reduce the amount of required tutoring by creating 
more effective worked examples.  

High school students who have been using 
the Algebra Cognitive Tutor will receive one of 
three different types of worked examples. One 
example is a static graphics display that can not 
be manipulated, a second example is a dynamic 
graphics display that can be manipulated, and a 
third example is a verbal control that organizes 
quantities in a table rather than in a bar graph. 
Figure 3 shows the static graphics display for 
one of the algebra word problems. As discussed 
previously, the dynamic graphics display will en-
able to students to raise and lower the unknown 
quantity to see how it changes total interest in the 
graphics display and in the equation. 

Before receiving instruction on algebra prob-
lems students will be instructed on arithmetic 
word problems, such as the following:

You have a MasterCard with a balance of $532 at 
a 21% interest rate. You also have a Visa credit 
card with a balance of $841 at a 16% interest 
rate. How much money are you paying in total 
annual interest?

Students in the dynamics graphics group will 
construct the bar representing total interest from 
the two bars on the left side of the equation. Ma-
nipulation requires that they click on the amount 
of interest in the first bar and drag a copy to the 
right side of the equation. Clicking will create a 
red border around the owed interest in the first bar 
and around the dragged copy. It will also highlight 
in red that part of the equation (0.21 x $532) that 
mathematically represents this amount. Students 
will then click on the owed interest in the second 
bar to drag and then stack this amount on top of 
the first dragged copy. Blue borders and corre-
sponding numbers in the equation (0.16 x $841) 
will be used to dynamically link these quantities 
within the graphics and to the equation.   
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Each worked example will be followed by an 
equivalent test problem on the Algebra Cognitive 
Tutor in which students construct a table to repre-
sent quantities and then construct an equation for 
solving the problem. The Algebra Cognitive Tutor 
provides constructive feedback that will enable 
us to determine whether the three different kinds 
of worked examples influence the amount and 
type of required feedback. We will also examine 
whether there are performance differences during 
a delayed paper-and pencil test that includes all 
the problems.

Our planned research takes advantage of the 
strengths of virtual manipulatives. The continuous 
variation of bar graphs for the algebra problems 
and the dynamic linking of actions on objects to 
equations will hopefully encourage students to 
relate symbols to quantities. However, to be ef-
fective, virtual manipulation will need scaffolding 
to provide constructive feedback on unintended 
actions, coordinate action sequences, encourage 
reflection, and provide domain-specific knowl-
edge. Providing such support should enable us to 
fulfill the potential of manipulating multimedia 
materials.

CONCLUSION

The manipulation of multimedia materials offers 
a promising method of instruction. However, we 
still lack a theoretical framework for understand-
ing when and how object manipulation facili-
tates learning. Engelkamp’s multimodal model 
provides a beginning of such a framework. This 
chapter examines its theoretical assumptions 
listed in Table 1 and discusses their application 
to multimedia learning. The first three assump-
tions that performing actions creates additional 
memory codes provide a potential explanation 
for instructional improvement. However, the 
subsequent three assumptions that performing 
actions can bypass the conceptual system provide 

a potential explanation for the ineffectiveness of 
actions. 

Although Engelkamp’s assumptions are rel-
evant to instructional design, they are not com-
plete enough to include the additional demands of 
multimedia learning. These demands can result in 
unintended actions, involve sequences of related 
actions, and require reflection about domain-spe-
cific knowledge for successful learning. Actions 
can be performed on either physical or virtual ma-
nipulatives but virtual manipulatives have some 
advantages. They exist in idealized environments, 
support continuous transformations of objects, 
and allow for dynamic linking to other objects, 
symbols, and data displays. The Building Blocks 
and Animation Tutor programs illustrate the use 
of virtual manipulatives in instruction.  

FUTURE RESEARCH DIRECTIONS

Much more research and development are required 
to fulfill the promise of multimedia materials. One 
issue concerns how to optimally blend directed 
and discovery-based instruction. Some theorists 
have argued that students need directed instruction 
based on worked examples (Kirschner, Sweller, 
& Clark, 2006). Other theorists have argued that 
students need the opportunity for carefully-scaf-
folded inquiry learning (Hmelo-Silver, Duncan, & 
Chinn, 2007). The appropriate blend of directed 
and inquiry learning needs to be based on forma-
tive evaluations. For example, our initial forma-
tive evaluations of the best-buy pizza problem 
discussed previously revealed that more guidance 
is required to improve decisions.

Another research issue is to explore how to 
best coordinate the use of virtual and physical 
manipulatives. As argued in this chapter, virtual 
manipulatives have advantages over physical 
manipulatives but students may also require 
experience with real manipulatives. Virtual 
reality environments are now enabling cogni-
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tive scientists to study situations that combine 
physical manipulatives with multimedia-produced 
environments. University of Iowa researchers are 
studying children’s ability to bike across busy 
virtual intersections by having them peddle a sta-
tionary bike that is partially surrounded by large 
multimedia screens (Plumert, Kearney, & Cremer, 
2007). University of Massachusetts researchers 
are studying young drivers’ ability to attend to 
relevant information in virtual environments by 
driving a stationary car in those environments 
(Pollatsek, Fisher, & Pradhan, 2006). Such virtual 
reality environments will provide new opportuni-
ties for research and training.

Another future challenge is to place effective 
multimedia instruction in the schools. I argue in 
my book Thinking Visually (Reed, in press) that 
multimedia programs that could support spatial 
reasoning in mathematics and science education 
will not be in widespread use by the year 2020. 
My pessimistic prediction is based on the tre-
mendous hurdles required to scale up successful 
design for widespread use in schools (Goldman, 
2005). It also is based on the paucity of research-
proven, multimedia programs in mathematics 
and science education that could be scaled up. I 
hope my prediction will contribute to creating a 
stronger commitment for creating and distributing 
instructional multimedia that has the potential to 
make dramatic improvements in learning.
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APPENDIX

Major Assumptions of Engelkamp’s (1998) Multimodal Theory

1.  Recall of observed actions should differ from that of performed actions because different systems 
are involved in encoding (p. 45). Observations encode visual information about movement but 
performance encodes motor information (p. 37).

2.  Although both sensory and motor processes exert a positive influence on retention, each of these 
influences should be independent of each other (p. 38).  

3.  Planning an action should lead to poorer recall than performing an action because the performance 
includes planning (p. 46). Only part of the motor information should be available when the action 
has been planned but not yet performed (p. 37).

4.  Responses can be controlled either from the conceptual system or directly from the particular 
input system without going through the conceptual system (p. 35). 

5.  Encoding of relational information occurs only in the conceptual system through a process of 
spreading activation (p. 40).

6.  Performing an action makes it difficult to form new associations in the conceptual system because 
performing an action forces concentration on information relevant to the action (p. 41).  
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A Split-Attention Effect in Multimedia Learning: 
Evidence for Dual Processing Systems in Working Memory 
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Students viewed a computer-generated animation depicting the process of lightning formation 
(Experiment 1) or the operation of a car's braking system (Experiment 2). In each experiment, 
students received either concurrent narration describing the major steps (Group AN) or 
concurrent on-screen text involving the same words and presentation timing (Group AT). 
Across both experiments, students in Group AN outperformed students in Group AT in 
recalling the steps in the process on a retention test, in finding named elements in an 
illustration on a matching test, and in generating correct solutions to problems on a transfer 
test. Multimedia learners can integrate words and pictures more easily when the words are 
presented auditorily rather than visually. This split-attention effect is consistent with a 
dual-processing model of working memory consisting of separate visual and auditory 
channels. 

In multimedia learning, information is presented to learn
ers in two or more formats, such as in words and in pictures 
(Mayer, 1997). For example, Figure 1 provides selected 
frames from a short animation depicting a cause-and-effect 
explanation of how lightning forms along with correspond
ing on-screen text which provides the explanation in words. 
To design effective multimedia presentations, it is useful to 
understand how learners mentally integrate words and 
pictures. The purpose of this study is to contribute to 
multimedia learning theory by testing a dual-processing 
theory of working memory. 

This can be done by comparing the learning outcomes of 
students who view the lightning animation along with 
corresponding on-screen text (Group AT) and those who 
view the lightning animation along with concurrent auditory 
narration using the same words as the text (Group AN). To 
assess students' understanding of the material, we asked 
them to write explanations of how lightning forms (retention 
test), to give names for parts of an illustration (matching 
test), and to apply what they learned to solve new problems 
(transfer test). Example items are presented in Table 1. 

Dual-Processing Theory of Working Memory 

Our research was designed to test a straightforward 
prediction of a dual-processing theory of working memory, 
as summarized in Figure 2. The primary assumptions of 
dual-processing theory are as follows: (a) Working memory 
includes an auditory working memory and a visual working 

Roxana Moreno created the multimedia materials used in 
Experiment 1; Matt Mendrala created the multimedia materials 
used in Experiment 2. 
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Richard E. Mayer or Roxana Moreno, Department of Psychology, 
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moreno@psych.ucsb.edu. 

memory, which are analogous to the phonological loop and 
visuospatial sketch pad, respectively, in Baddeley's (1986, 
1992) theory of working memory; (b) each working memory 
store has a limited capacity, consistent with Sweller's (1988, 
1989; Chandler & Sweller, 1992; Sweller, Chandler, Tier
ney, & Cooper, 1990) cognitive load theory; (c) meaningful 
learning occurs when a learner retains relevant information 
in each store, organizes the information in each store into a 
coherent representation, and makes connections between 
corresponding representations in each store, analogous to 
the cognitive processes of selecting, organizing, and integrat
ing in Mayer's (1997; Mayer, Steinhoff, Bower, & Mars, 
1995) generative theory of multimedia learning; and (d) 
connections can be made only if corresponding pictorial and 
verbal information is in working memory at the same time, 
corresponding to referential connections in Paivio's (1986; 
Clark & Paivio, 1991) dual-coding theory. 
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According to the dual-processing theory, visually pre
sented information is processed-at least initially-in visual 
working memory whereas auditorily presented information 
is processed-at least initially-in auditory working memory. 
For example, in reading text, the words may initially be 
represented in visual working memory and then be trans
lated into sounds in auditory working memory. In the AN 
treatment, students represent the animation in visual work
ing memory (such as the image of negative signs moving to 
the bottom of a cloud) and represent the corresponding 
narration in auditory working memory (such as the state
ment "negative ions fall to the bottom of the cloud"). 
Because they can hold corresponding pictorial and verbal 
representations in working memory at the same time, 
students in Group AN are better able to build referential 
connections between them, such as seeing that the image of 
negative signs moving to the bottom of the clouds corre
sponds to the words describing the fall of negative ions. 

In the AT treatment, students try to represent both the 
animation and the on-screen text in visual working memory. 
Although some of the visually represented text eventually 
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Cool moist air moves over a warmer 
surface and becomes heated. 

f.s the air In this updraft cools, 
water vapor condenses Into water 

drop lets and forms a cloud. 

Eventual! y, the water drop lets 
and Ice crystals become too large 

to be suspended ~y updraFts. 

When downdrafts strl ~e the ground, 
they spread out in all directions, 
producing the gusts of cool wind 
people feel just before the start 
of the rain. 

Warmed moist air near the earth's 
surface rises rapidly. 

The cloud's top ex tends above the 
freezing level, so the upper portion 

of the cloud Is composed of tiny 
Ice crystals. 

hi raindrops and ice crystals fall 
through the cloud, they drag some 
of the air in the cloud downward, 

producing downdrafts. 

Within the cloud, the rising 
and failing al r currents cause 
electrical charges to build. 

Figure 1. Selected frames from a multimedia lesson on the formation of lightning. 

may be translated into an acoustic modality for auditory 
working memory, visual working memory is likely to 
become overloaded. Students in Group AT must process all 
inCOming information-at least initially-through their vi
sual working memory. Given the limited resources students 

Table 1 
Three Kinds of Questions About the Formation of Lightning 

Test 

Retention 
Matching 

Transfer 

Instruction 

Write an explanation of how lightning works. 
Using the frames shown in Figure 1, circle the cool 

moist air and write C next to it, circle the 
warmer surface and write W next to it, circle the 
updraft and write U next to it, circle the freezing 
level and write F next to it, circle the downdraft 
and write D next to it, circle the cool gusts of 
cool wind and write G next to it, circle the 
stepped leader and write S next to it, and circle 
the return stroke and write R next to it. 

What could you do to decrease the intensity of 
lightning? 

Suppose you see clouds in the sky but no lightning. 
Why not? 

What causes lightning? 
What does air temperature have to do with light

ning? 

have for visual information processing, using a visual 
modality to present both pictorial and verbal information can 
create an overload situation for the learner. If students pay 
full attention to on-line text, they may miss some of the 

Animation 

Narration 

Animation 
and Text 

(No Sound) 

Working Memory 

Working Memory 

Learning 
1---' Outcome 

Learning 
1--.... Outcome 

Figure 2. A dual-processing model of multimedia learning. For 
Group AN, shown in the top panel, the incoming animation and 
narration initially are held in different working memory spaces. For 
Group AT, shown in the bottom panel, the incoming animation and 
text initially are held in the same memory space. 
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crucial images in the animation, but if they pay full attention 
to the animation, they may miss some of the on-line text. 
Because they may not be able to hold corresponding 
pictorial and verbal representations in working memory at 
the same time, students in Group AT are less able to build 
connections between these representations. 

Dual-processing theory predicts a split-attention effect in 
which students in Group AT perform more poorly than 
students in Group AN on retaining the steps in the cause-and
effect chain (retention test), on being able match pictures and 
names of parts (matching test), and on being able to use what 
they have learned to solve problems (transfer test). The 
prediction of a split-attention effect for retention is based on 
the idea that AT students may not have encoded as much of 
the verbal material as AN students. The prediction of a 
split-attention effect for matching is based on the idea that 
AT students may not have been able to build as many 
referential connections between corresponding pictorial and 
verbal information as AN students did. The prediction of a 
split-attention effect for transfer is based on the idea that AT 
students may not have been able to construct a coherent 
mental model of the system as well as AN students could. 

In contrast to the predictions of the dual-processing hypoth
esis, the information-equivalency hypothesis predicts no differ
ences between the AN and AT groups on any of the tests 
because identical information was presented to both groups. 

Advances in Multimedia Learning Theory 

In a study involving static diagrams for geometry prob
lems, Mousavi, Low, and Sweller (1995) found that students 
learned better when an auditory narration was presented 
simultaneously with corresponding diagrams (different
modality presentation) than when printed text was presented 
simultaneously with corresponding diagrams (same-modal
ity presentation). The present study initiated the next phase 
in research on split-attention effects by examining how 
students integrate animation with concurrent text that is 
presented visually or auditorily. In particular, our research is 
the first to test whether students learn better when an 
auditory narration is presented along with a corresponding 
animation (different-modality presentation) than when printed 
text is presented with a corresponding animation (same
modality presentation). Thus, the present study extends 
Mousavi et al.'s pioneering examination of a split-attention 
effect in three ways: (a) by examining a split-attention effect 
in a computer-based multimedia environment rather than a 
paper-based environment; (b) by using multiple dependent 
measures, including transfer and matching; and (c) by using 
cause-and-effect explanations as the target material. 

Experiment 1 

In this study, students viewed an animation depicting the 
process of lightning with concurrent narration (Group AN) 
or with concurrent on-screen text (Group AT). According to 
the dual-processing hypothesis, Group AN should perform 
better than Group AT on recalling relevant steps in the 
process of lightning formation (retention test), on choosing 

the correct names for elements in an illustration (matching 
test), and on generating answers to problems that require 
applying learning to new situations (transfer test). In con
trast, according to the information-equivalency hypothesis, 
Group AN and Group AT should not differ on any of these 
tests because both groups received the same information 
presented for the same length of time. 

Method 

Participants and design. The participants were 78 college 
students recruited from the psychology subject pool at the Univer
sity of California, Santa Barbara. All participants indicated that 
they lacked experience in meteorology. Forty participants served in 
the AN group, and 38 participants served in the AT group. 

Materials and apparatus. For each participant, the paper-and
pencil materials consisted of a participant questionnaire, a retention 
test, a matching test, and a four-page transfer test, with each typed 
on 8.5 X 11 in. (21.59 X 27.94 cm) sheets of paper. The participant 
questionnaire solicited information concerning the participant's 
Scholastic Assessment Test (SAT) scores, gender, and meteorology 
knowledge. Meteorology knowledge was assessed by using a 
six-item knowledge checklist and a five-item self-rating. The 
self-assessment asked the participants to rate their knowledge of 
weather by placing a check mark next to: very little, between very 
much and average, average, between average and very much, or 
very much. The checklist consisted of instructions to "please place 
a check mark next to the items that apply to you" followed by a list 
of six items: "I regularly read the weather maps in the newspaper," 
"I know what a cold front is," "I can distinguish between 
cumulous and nimbus clouds," "I know what a low pressure 
system is," "I can explain what makes the wind blow," "I know 
what this symbol means: [symbol for cold front]," and "I know 
what this symbol means: [symbol for warm front]." 

The retention test contained the following instructions at the top 
of the sheet: "Please write down an explanation of how lightning 
works." 

The matching test presented four frames from the animation 
along with the following instructions: 

Circle cool moist air and write C next to it. Circle the warmer 
surface and write W next to it. Circle the updraft and write U 
next to it. Circle the freezing level and write F next to it. Circle 
the downdraft and write D next to it. Circle the gusts of cool 
wind and write G next to it. Circle the stepped leader and write 
S next to it. Circle the return stroke and write R next to it. 

The transfer test consisted of the following four questions, each 
typed on a separate sheet: "What could you do to decrease the 
intensity of lightning?" "Suppose you see clouds in the sky, but no 
lightning. Why not?" "What does air temperature have to do with 
lightning?" and "What causes lightning?" 

The computerized materials consisted of two computer programs 
for multimedia presentations on how the lightning process works. 
Both programs generated an identica1140-s animation depicting air 
moving from the ocean to the land, water vapor condensing to form 
a cloud, the rising of the cloud beyond the freezing level, the 
formation of crystals in the cloud, the movement of updrafts and 
downdrafts, the building of electrical charges within the cloud, the 
division of positive and negative charges, the traveling of a 
negative stepped leader from the cloud to the ground, the traveling 
of a positive stepped leader from the ground to the cloud, the 
negative charges following the path to the ground, the meeting of 
the negative leader with the positive leader, and the positive 
charges following the path towards the cloud. The AN version also 
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included concurrent narration describing each of the major events 
in words spoken at a slow rate by a male voice. The AT version 
included concurrent text presented on the screen using the same 
words and timing as the narration. The computerized materials 
were adapted from text and illustrations used in previous studies 
(Mayer, Bove, Bryman, Mars, & Tapangco, 1996; Mayer et al., 
1995). Figure 1 presents selected frames from the animation along 
with on-screen text from the AT version. The multimedia anima
tions were developed using Director 4.0 and Soundedit 16 (Macro
media, 1994). 

The apparatus consisted of five Macintosh IIci computer sys
tems, which included 14-in. monitors and Sony headphones. 

Procedure. Participants were tested in groups of 1 to 5 per 
session. Each participant was randomly assigned to a treatment 
group (either AN or AT) and was seated at an individual cubicle in 
front of a computer. 

First, participants completed the participant questionnaire work
ing at their own rates. Second, the experimenter presented oral 
instructions stating that the computer would show an animation of 
how the process of lightning works and that when the computer 
was finished, the experimenter would have some questions for the 
participants to answer. Participants in the AN treatment were told to 
put on headphones, and all participants were told to press the space 
bar to begin the presentation. Third, after pressing the space bar, the 
animation with narration was presented once to the participants in 
the AN group and the animation with text was presented once to the 
participants in the AT group. Fourth, when the presentation was 
finished, the experimenter presented oral instructions for the test, 
stating that there would be a series of question sheets and that for 
each the participant should keep working until told to stop. Fifth, 
the retention test was distributed along with instructions to write 
down an explanation of how lightning works. After 6 min, the test 
sheet was collected. Then the transfer test sheets were presented 
one at a time for 3 min each, with each sheet collected by the 
experimenter before the subsequent sheet was handed out. Then, 
the matching test was presented and collected after 3 min. 

Scoring. A scorer who was not aware of the treatment condi
tion of each participant determined the retention score, matching 
score, and transfer score for each participant. A retention score was 
computed for each participant by counting the number of major 
idea units (out of eight possible) that the participant produced on 
the retention test. One point was given for correctly stating each of 
the following eight idea units regardless of wording: (a) air rises, 
(b) water condenses, (c) water and crystals fall, (d) wind is dragged 
downward, (e) negative charges fall to the bottom of the cloud, (f) 
the leaders meet, (g) negative charges rush down, (h) positive 
charges rush up. 

A matching score was computed for each participant by counting 
the number of correctly labeled elements (out of eight possible) on 
the matching test. Participants received 1 point for each part that 
was circled and labeled with the appropriate letter. 

A transfer score was computed for each participant by counting 
the number of acceptable answers (out of 12 possible) that the 
participant produced across the four transfer problems. For ex
ample, acceptable answers for the first question about decreasing 
lightning intensity included removing positive ions from the 
ground; acceptable answers for the second question about the 
reason for the presence clouds without lightning include~ stating 
that the tops of the clouds might not be high enough to freeze; 
acceptable answers for the third question about temperature's 
relation to lightning included stating that the air must be cooler than 
the ground; acceptable answers for the fourth question about the 
causes of lightning included the difference in electrical charges in 
the cloud. Participants received no more than three points per 
problem. 

Because previous studies have demonstrated that some instruc
tional effects were stronger for low-experience learners than for 
high-experience learners (Mayer & Gallini, 1990; Mayer & Sims, 
1994), we included only low-experience students in our study. We 
computed an experience score by tallying the number of domain
related activities that the participant checked on the activity 
checklist and adding that number to the level of experience the 
participant checked on the five-level self-assessment (with very 
little counted as 0 points less than average as 1, average as 2, more 
than average as 3, and very much as 4). We eliminated the data for 
any student who scored above 5 and replaced it with the data of a 
new student. Using this procedure, 16 students were replaced in 
Experiment 1. 

Results and Discussion 

Split-attention effect on verbal recall. According to the 
dual-processing hypothesis, students should remember more 
of the verbal material when it is presented as narration than 
when it is presented as text. The retention test bars in the left 
portion of Figure 3 show the proportion of the eight idea 
units correctly recalled by students in the AN group and the 
AT group. An analysis of variance (ANOYA) was conducted 
with group (AN vs. AT) as the between-subjects factor and 
retention score as the dependent measure. As can be seen in 
the retention test bars of Figure 3, there was a split-attention 
effect in which AN students tended to recall more relevant 
idea units than did AT students, F(l, 76) = 15.987, MSE = 
2.187, p < .001. These results are consistent with the 
predictions of the dual-processing hypothesis. 

Split-attention effect on visual-verbal matching. Accord
ing to the dual-processing hypothesis, students should 
perfonn better on the matching test when verbal material is 
presented as narration than when it is presented as text. The 
matching test bars in the middle section of Figure 3 show the 
proportion correct on the eight-item matching test by 
students in the AN group and the AT group. An ANOYA was 
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Figure 3. Proportion correct response on retention, matching, and 
transfer tests by two groups-Experiment 1. On retention, M = .69 
(SD = .18) for Group AN and M = .52 (SD = .19) for G/.Uup AT; 
on matching, M = .87 (SD::;; .16) for Group AN and M = .77 
(SD ::;; .22) for Group AT; on transfer, M = .60 (SD = .24) for 
Group AN and M = .28 (SD = .19) for Group AT. AN = Group 
receiving concurrent auditory narration; AT = group receiving 
on-screen text. 
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conducted with group (AN vs. AT) as the between-subjects 
factor and matching score as the dependent measure. As can 
be seen in Figure 3, there was a split-attention effect in 
which AN students tended to correctly match more items 
than did AT students, F(I, 76) = 7.805, MSE = 2.380, p < 
.01. These results are consistent with the predictions of the 
dual-processing hypothesis. 

Split-attention effect on problem-solving transfer. Ac
cording to the dual-processing hypothesis, students should 
generate more problem-solving solutions when verbal mate
rial is presented as narration than when presented as text. 
The transfer test bars in the right portion of Figure 3 show 
the proportion of correct solutions on the transfer test by 
students in the AN group and the AT group (with the 
maximum score set at 12). An ANOVA was conducted with 
group (AN vs. AT) as the between-subjects factor and 
problem-solving score as the dependent measure. As can be 
seen in the transfer test bars in the right portion of Figure 3, 
there was a split-attention effect in which AN students 
tended to generate more solutions than did AT students, 
F(1,76) = 44.797, MSE = 1.683, p < .001. These results 
are consistent with the predictions of the dual-processing 
hypothesis. 

Overall, split-attention effects were obtained on the 
retention, matching, and transfer tests, yielding consistent 
evidence for the dual-processing hypothesis and against the 
information-equivalency hypothesis. On each test, the effect 
sizes were substantial: 0.89 for the retention test (based on 
SD = 0.19), 0.55 for the matching test (based on SD = 0.22), 
and 1.75 for the transfer test (based on SD = 0.19). 

Experiment 2 

In the second study, students viewed an animation depict
ing how a car's braking system works with concurrent 
narration (Group AN) or with concurrent on-screen text 
(Group AT). According to the dual-processing hypothesis, 
Group AN should perform better than Group AT on recalling 
relevant steps in the process (retention test), on choosing the 
correct names for parts in an illustration (matching test), and 
on generating solutions to questions about troubleshooting, 
redesigning, or explaining braking systems (transfer test). 
According to the information-equivalency hypothesis, Group 
AN and Group AT should not differ on any of these tests 
because both groups received the same information pre
sented for the same length of time. 

Method 

Participants and design. The participants were 68 college 
students recruited from the psychology subject pool at the Univer
sity of California, Santa Barbara. All participants indicated that 
they had low knowledge of car mechanics. Thirty-four participants 
served in the AN group, and 34 participants served in the AT group. 

Materials and apparatus. The paper-and-pencil materials con
sisted of a participant questionnaire, a retention test, a matching 
test, and a four-page transfer test, with each typed on 8.5 X 11 in. 
(21.59 X 27.94 em) sheets of paper. The participant questionnaire 
solicited information concerning the participant's SAT scores, 
gender, and mechanical experience. Mechanical experience was 

assessed using an six-item activity checklist and a five-item 
self-rating. The checklist consisted of instructions to "please place 
a check mark next to the things you have done" followed by list of 
six items: "I have a driver's license," "I have put air into a tire on a 
car," "I have changed a tire on a car," "I have changed the oil in a 
car," "I have changed spark plugs on a car," and "I have replaced 
brake shoes on a car." The self-rating consisted of instructions to 
"please place a check mark indicating your knowledge of car 
mechanics and repair" followed by five items and scores ranging 
from very little to very much. 

The retention test contained the following instructions at the top 
of the sheet: "Please write down an explanation of how a car's 
braking system works. Pretend that you are writing an encyclope
dia entry for people who are not already familiar with brakes." The 
transfer test consisted of the following four questions, each typed 
on a separate sheet: "What could be done be make brakes more 
reliable, that is, to make sure they would not fail?" "What could be 
done to make brakes more effective, that is, to reduce the distance 
needed to bring a car to a stop?" "Suppose you press on the brake 
pedal in your car but the brakes don't work. What could have gone 
wrong?" and "What happens when you pump the brakes (i.e., press 
the pedal and release the pedal repeatedly and rapidly)?" The 
matching test presented a frame from the beginning of the 
animation along with the following instructions: 

Circle the brake pedal and write B next to it. Circle the piston 
in the master cylinder and write P next to it. Circle part of the 
brake line and write L next to it. Circle the smaller piston in 
the wheel cylinder and write W next to it. Circle part of the 
brake shoes and write S next to it. Circle part of the brake 
drum and write D next to it. 

The computerized materials consisted of two computer programs 
for multimedia presentations on how a car's braking system works. 
Both programs generated an identical 45-s animation depicting a 
foot pressing on a brake pedal, a piston moving forward in a master 
cylinder, brake fluid being compressed in the brake line, pistons 
moving forward in wheel cylinders, pistons pressing against brake 
shoes, brake shoes pressing against a brake drum, and the wheel 
slowing down to a stop. The AN version included concurrent 
narration describing each of the major events in words spoken at a 
slow rate by a male voice. The AT version included concurrent 
on-screen text, using the same words and timing as the narration. 
The words consisted of the following 10 segments (without the 
segment letters): (a) When the driver steps on the car's brake pedal, 
(b) a piston moves forward inside the master cylinder. (c) The 
piston forces brake fluid out of the master cylinder, (d) and through 
the brake lines to the wheel cylinders. (e) In the wheel cylinders, (f) 
the increase in fluid pressure (g) makes a smaller set of pistons 
move. (h) These smaller pistons activate the brake shoes. (i) When 
the brake shoes press against the drum, (j) both the drum and the 
wheel slow down, or stop. 

For Group AT, each segment appeared under the animation and 
stayed on until the next segment appeared; for Group AN, there was 
a pause after each segment. The multimedia materials were adapted 
from previously used paper-based passages on braking systems 
(Mayer, 1989; Mayer & Gallini, 1990). The multimedia presenta
tions were created using Director 4.0 for Macintosh (Macromedia, 
1994), an animation program widely available from software 
distributors. The apparatus consisted of five Macintosh IIci com
puter systems with 14-in. color monitors and Sony headphones. 

Procedure. Participants were tested in groups of 1 to 5 per 
session. Each participant was randomly assigned to a treatment 
group (i.e., either AN or AT) and was seated at an individual cubicle 
in front of a computer. 

First, participants completed the participant questionnaire, work-
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ing at their own rates. Second, the experimenter presented oral 
instructions stating that the computer would explain how a car's 
braking systems works, that the computer would repeat the 
explanation two times, and that when the computer was finished, 
the experimenter would have some questions for the participant to 
answer. Participants in the AN treatment were told to put on 
headphones, and all participants were told to press the space bar to 
begin the presentation. Third, after pressing the space bar, the 
animation with narration was presented three times to participants 
in the AN group and the animation with text was presented three 
times to participants in the AT group. Fourth, when the presentation 
was finished, the experimenter presented oral instructions for the 
test, stating that there would be a series of question sheets and that 
for each, the participant should keep working until told to stop. 
Fifth, the first sheet was distributed along with instructions to write 
down an explanation of how a car's brakes work. After 5 min, the 
recall sheet was collected. Then, the problem-solving sheets were 
presented one at a time for 2.5 min each and each sheet was 
collected by the experimenter before the subsequent sheet was 
handed out. Finally, the matching test was presented and then 
collected after 2.5 min. 

We used slightly different methodologies in Experiments 1 and 2 
because the materials differed and because we wanted to determine 
whether the results would be robust. The time allocated to various 
tasks in each experiment was based on pilot testing. 

Scoring. A mechanical experience score was computed by 
assigning a score of 0 to 4 on the self-assessment (with 0 points for 
checking very little. 1 point for checking the space between very 
little and average. 2 points for checking average, 3 points for 
checking the space between average and very much. and 4 points 
for checking very much) and adding to that 1 point for each of the 
six items checked on the checklist. To focus the study on 
participants who lacked extensive knowledge of car mechanics, 
data were eliminated for participants scoring above 5 on this 
IO-point scale and new participants were used in their places 
(n = 13). 

A scorer who was not aware of the treatment condition deter
mined the retention score. matching score, and transfer score for 
each participant. A retention score was computed by counting the 
number of major idea units (out of eight possible) that the 
participant produced on the retention test. One point was given for 
correctly stating each of the following eight idea units regardless of 
wording: (a) driver steps on brake pedal, (b) piston moves forward 
in master cylinder, (c) piston forces brake fluid out of wheel 
cylinders, (d) fluid pressure increases at wheel cylinders, (e) 
smaller pistons move, (f) small pistons activate brake shoes, (g) 
brake shoes press against drum, and (h) drum and wheel stop or 
slow down. 

A matching score was computed for each participant by counting 
the number of correctly labeled parts (out of six possible) on the 
~atching test. Participants received 1 point for each part that was 
Circled and labeled with the appropriate letter. 

A transfer score was computed for each participant by counting 
the number of acceptable answers (out of 12 possible) that the 
PartiCipant produced across the four transfer problems. For ex
ample, acceptable answers for the first question about redesigning 
brakes for reliability included a back-up system or cooling system, 
acceptable answers for the second question about redesigning 
brakes for effectiveness included using more friction sensitive 
brake shoes or reducing the distance between the brake shoe and 
pad, acceptable answers for the third question about troubleshoot
mg a faulty brake system included the possibility of a hole in the 
brake line or a piston stuck in one position, and acceptable answers 
for the fourth question about pumping the brakes included that 

pumping reduces heat or reduces wearing the drum in one place. 
Participants received no more than 3 points per problem. 

As in Experiment 1, we analyzed data from low-experience 
learners only. Mter we used the same procedure for identifying 
high-experience learners as in Experiment 1. 13 students were 
replaced in Experiment 2. 

Results and Discussion 

Split-attention effect on verbal recall. According to 
dual-processing theory, students should remember more of 
the verbal material when it is presented as narration than 
when presented as text. The retention test bars on the left 
side of Figure 4 show the proportion of the eight idea units 
correctly recalled by students in the AN group and the AT 
group. An ANaVA was conducted with group (AN vs. AT) 
as the between-subjects factor and recall score as the 
dependent measure. As can be seen in the retention test bars 
on the left side of Figure 4, there was a split-attention effect 
in which AN students tended to recall mOre relevant idea 
units than did AT students, F(!, 66) = 4.630, MSE = 2.670, 
p < .05. These results are consistent with the predictions of 
dual-processing theory. 

Split-attention effect on picture-name matching. Accord
ing to dual-processing theory, students should perform better 
on the matching test when verbal material is presented as 
narration than when presented as text. The matching test 
bars in the middle of Figure 4 show the proportion correct on 
the eight-item matching test by students in the AN group and 
the AT group. An ANaVA was conducted with group (AN 
vs. AT) as the between-subjects factor and matching score as 
the dependent measure. As can be seen in the matching test 
bars in the middle of Figure 4, there was a split-attention 
effect in which AN students tended to correctly match more 
items than did AT students, F(1, 66) == 4.800, MSE == 2.400, 
P < .05. These results are consistent with the predictions of 
dual-processing theory. 
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Figure 4. Proportion correct response on retention, matching, and 
transfer tests by two groups in Experiment 2. On retention, M == .68 
(SD == .19) for Group AN and M == .58 (SD = .21) for Group AT; 
on matching, M = .80 (SD = .26) for Group AN and M = .66 
(SD = .26) for Group AT; on transfer, M = .55 (SD = .24) for 
Group AN and M = .39 (SD = .17) for Group AT. AN == Group 
receiving concurrent auditory narration; AT = group receiving 
on-screen text. 
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Split-attention effect on problem-solving transfer. Ac
cording to dual-processing theory, students should generate 
more problem-solving solutions when verbal material is 
presented as narration than when presented as text. The 
transfer test bars in the right side of Figure 4 show the 
proportion of correct solutions on the problem-solving test 
by students in the AN group and the AT group (with the 
maximum score set at 12). An ANOVA was conducted with 
group (AN vs. AT) as the between-subjects factor and 
problem-solving score as the dependent measure. As can be 
seen in the transfer test bars on the right side of Figure 4, 
there was a split-attention effect in which AN students 
tended to generate more solutions than did AT students, F(1, 
66) = 9.850, MSE = 4.520, p < .01. These results are 
consistent with the predictions of dual-processing theory. 

Overall, split-attention effects were obtained on the 
retention, matching, and transfer tests, yielding consistent 
evidence for the dual-processing hypothesis and against the 
information-equivalency hypothesis. On each test, the effect 
sizes were substantial: 0.49 for the retention test (based on 
SD = 0.21), 0.53 for the matching test (based on SD = 0.26), 
and 0.94 for the transfer test (based on SD = 0.17). 

General Discussion 

Split-Attention Effect 

The major result of these studies is a split-attention effect 
in which students learned better when pictorial information 
was accompanied by verbal information presented in an 
auditory rather than a visual modality. The robustness of the 
effect was evident on three different dependent measures 
across two different studies. 

These results extend previous research (Mousavi et al., 
1995) on split-attention effects involving learning from 
ge~metry examples in a paper-and-pencil environment, in 
~hich students learned better when diagrams were accompa
med by verbal explanations presented auditorily rather than 
visually. First, these results extend the split-attention effect 
from a paper-based context to an important new context, a 
computer-based multimedia environment. Second, the effect 
was obtained across three different dependent measures (i.e., 
retention of verbal material, matching of pictorial and verbal 
material, and problem-solving transfer). Third, the effect 
was obtained with a new type of material, namely scientific 
explanations of how systems work. 

Thes~ res~ts also extend previous research on contiguity 
effects III which students learned better when an animation 
depicting the workings of a scientific system and the 
corresponding narration were presented concurrently rather 
than. successively (Ma~er & Anderson, 1991, 1992; Mayer 
& Sl?J:S, 1994). In. particular, ~e .present results clarify the 
conditions producmg the contigUIty effect by showing that 
the advantage of presenting words and corresponding pic
tures at the same time depends on the modality of words. 

Theoretical Implications 

These results provide an important empirical test of a 
dual-processing theory of working memory within the 

domain of multimedia learning. First, according to a dual
processing theory of working memory, students learn better 
in multimedia environments when words and pictures are 
presented in separate modalities than when they are pre
sented in the same modality. When pictures and words are 
both presented visually (i.e., a split-attention situation), 
learners are able to select fewer pieces of relevant informa
tion because visual working memory is overloaded. When 
words and pictures are presented in separate modalities, 
visual working memory can be used to hold representations 
of pictures and auditory working memory can be used to 
hold representations of words. Consistent with this analysis, 
across two experiments using different materials, AT stu
dents recalled fewer idea units than did AN students. 

Second, in split-attention situations, the learner's aUen
tional resources (or central executive resources) are used to 
hold words and pictures in visual working memory so there 
is not enough left over to build connections between words 
and pictures. In contrast, when learners can concurrently 
hold words in auditory working memory and pictures in 
visual working memory they are better able to devote 
attentional resources to building connections between them. 
Consistent with this interpretation, across two experiments, 
AT students made fewer correct name-picture matches than 
did AN students. 

Third, in split-attention situations, an overload in visual 
working memory reduces the learner's ability to build 
coherent mental models that can be used to answer transfer 
questions. In contrast, when words are represented in an 
auditory working memory and pictures are represented in 
visual working memory, the learner is better able to organize 
representations in each store and integrate across stores. 
Consistent with this interpretation, across two experiments 
AT students generated fewer solutions on the transfer test 
than did AN students. 

Practical Implications 

This study calls attention to the need to broaden the goals 
of instructional designers. The design of multimedia presen
tations should be guided by the goal of presenting relevant 
information using words and pictures and by the goal of 
presenting words and pictures in a way that fosters active 
cognitive processing in the learner. Focusing solely on the 
first goal-presenting relevant information-can lead to 
treatments such as the one given to the AT groups in which 
visual working memory is likely to become overloaded. 
When the learner's working memory system becomes 
overloaded, the opportunities for active cognitive processing 
are reduced. Focusing on both goals-presenting relevant 
information in ways that promote active learning-can lead 
to treatments such as the one given to the AN groups in 
which working memory is less likely to become overloaded. 

An important consideration in the design of multimedia 
presentations aimed at explaining how something works is 
whether to accompany animations with auditorily presented 
or visually presented words. The most important new 
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practical implication of this study is that animations should 
be accompanied by auditory narration rather than by on
screen text. This implication is particularly important in light 
of the increasing use of animations and on-screen text both 
in courseware and on the World Wide Web. These results 
cast serious doubts on the implicit assumption that the 
modality of words is irrelevant when designing multimedia 
lessons with pictures and words. 

According to a generative theory of multimedia learning 
(Mayer, 1997; Mayer et aI., 1996; Mayer et al., 1995), active 
learning occurs when a learner engages three cognitive 
processes: selecting relevant words for verbal processing 
and selecting relevant images for visual processing, organiz
ing words into a coherent verbal model and organizing 
images into a coherent visual model, and integrating corre
sponding components of the verbal and visual models. To 
foster the process of selecting, multimedia presentations 
should not contain too much extraneous information in the 
form of words or pictures. Thus, in the present studies, we 
presented highly concentrated explanations that concisely 
depicted the major steps in the to-be-Iearned process. To 
foster the process of organizing, multimedia presentations 
should represent the steps in order and with clear signals for 
both the verbal and visual information. To foster the process 
of integrating, multimedia presentations should present 
words and pictures concurrently in modalities that effec
tively use available visual and auditory working-memory 
resources. The major advance in this study was to identify 
techniques for presentation of verbal and pictorial informa
tion that minimize working-memory load-namely, accom
panying visually presented animation with auditorily pre
sented narration. 

Limitations and Future Directions 

The limitations of this study include that the instructional 
episode was short, the participants were college students, 
and only how-it-works material was used. Additional re
search is needed to evaluate the robustness of our results in 
more diverse settings. 

These results should not be taken as a blanket rejection of 
the use of text captions with graphics. To the contrary, in a 
series of studies on text and illustrations about how devices 
work carried out in our lab at Santa Barbara the results 
consistently have shown that students learn more produc
tively when text is presented within corresponding illustra
tions rather than when text and illustrations are presented on 
separate pages (Mayer, 1989, 1997; Mayer & Gallini, 1990; 
Mayer et al., 1995). Similarly, in a series of studies on 
worked-out geometry problem examples, Sweller and his 
colleagues (Sweller et al., 1990; Tarmizi & Sweller, 1988; 
Ward & Sweller, 1990) have shown that students learn better 
When text explanations are presented on the sheet with 
geometry problems than when presented separately. Overall, 
these studies provide ample evidence for the benefits of 
presenting short captions or text summaries within textbook 
lllustrations. 

Traditional school instruction tends to favor verbal modes 
of presentation, including both discourse and text. Yet, there 
is emerging evidence that pictorial modes of presentation, 
such as animation, offer a largely underused approach with 
high potential. To harness the power of pictorial learning, 
researchers need to understand how people integrate words 
and pictures as they engage in the act of sense-making. This 
study offers new information concerning how to encourage 
learners to integrate words and pictures in multimedia 
environments. 

Finally, this study provides an example of how studying a 
seemingly applied question-the design of multimedia learn
ing environments-can lead to advances in basic cognitive 
theory. Continued research on multimedia learning can 
contribute to an emerging theory of cognitive processing in 
working memory (Hitch & Logie, 1996). 
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Preface

During the past 10 years, the field of mul-
timedia learning has emerged as a coher-
ent discipline with an accumulated research
base that has never been synthesized and
organized in a handbook. The Cambridge
Handbook of Multimedia Learning consti-
tutes the world’s first handbook devoted
to comprehensive coverage of research and
theory in the field of multimedia learning.
For purposes of the Handbook, multimedia
learning is defined as learning from words
(e.g., spoken or printed text) and pictures
(e.g., illustrations, photos, maps, graphs, an-
imation, or video). The focus of the Hand-
book is on how people learn from words and
pictures in computer-based environments.
Multimedia environments include online in-
structional presentations, interactive lessons,
e-courses, simulation games, virtual reality,
and computer-supported in-class presenta-
tions. Overall, the Handbook seeks to estab-
lish what works (i.e., to determine which
features of a multimedia lesson affect learn-
ing), to explain how it works (i.e., to ground
research in cognitive theory), and to consider
when and where it works (i.e., to explore the
implications of research for practice).

What distinguishes this book from edited
books on distance learning or Web-based in-
struction is our commitment to taking a sci-
entific, evidence-based approach. My goal as
editor is to provide a comprehensive and fo-
cused overview of the state of scientific re-
search on multimedia learning. Each chapter
is based on empirical research and grounded
in cognitive theory, rather than offering un-
substantiated recommendations, describing
best practices, or summarizing software de-
velopment accomplishments. As the first
comprehensive research-based handbook on
multimedia learning, The Cambridge Hand-
book of Multimedia Learning is intended to
define and shape the field for years to come.

There are many books providing advice
on how to design multimedia-learning en-
vironments, but these books are largely
based on the practical experience and wis-
dom of the authors. Similarly, there are
books reporting on the development of
online instructional programs and Web sites,
but these reports of development efforts
are generally based on best practices and
informal case studies. Until recently, the
lack of scientific research evidence in many
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x preface

multimedia-learning books could be justi-
fied on the grounds that a solid research
base did not yet exist. However, the quan-
tity and quality of scientific research – con-
ducted by researchers around the world –
has reached a level warranting the field’s first
comprehensive research-based handbook of
multimedia learning.

As editor, I asked the world’s leading
multimedia researchers to author chapters
in areas in which they have contributed to
the empirical research base. In particular, I
sought authors who are leading researchers
in the field of multimedia learning – that is,
those with the strongest records of research
publication. Because the field is largely inter-
national, the chapter authors for the Hand-
book span the globe. Each chapter author had
a specific charge – that is, directions to re-
view a well-defined subarea such as the role
of online worked-out examples or the role
of speech versus on-screen text. The chap-
ters in each section follow the same general
structure: describing the major research is-
sue or question, providing examples of the
research issue or question, summarizing re-
search in which measures of learning are
the central focus, critiquing the research,
and discussing implications for theory
and practice.

The Handbook consists of 35 chapters
organized into five parts. Each chapter fo-
cuses on a particular theory of multimedia
learning (part 1 ), a basic principle of multi-
media learning (part 2), an advanced prin-
ciple of multimedia learning (part 3), mul-
timedia learning in a content area (part 4),
or multimedia learning within an advanced
computer-based context (part 5). In order
to provide a common structure among the
chapters of the Handbook, I asked authors
to organize their chapters around a com-
mon set of issues. In particular, I asked the
authors of the theory chapters in part 1 to
provide a concise description of the theory
or model with concrete examples, to sum-
marize the theory’s contributions to cogni-
tive theory (i.e., to specify predictions that
have been tested), to summarize the theory’s
contributions to instructional design (i.e., to
specify recommendations for instruction), to

describe any limitations of the theory, and to
suggest future directions for research. I asked
the authors of each of the other chapters to
provide a clear definition and example of the
central principle or topic of the chapter, to
review the relevant published research liter-
ature in sufficient detail, to assess the lim-
itations of the research base, to summarize
the implications for cognitive theory and in-
structional design, and to suggest directions
for future research.

I solicited chapters that were concise (i.e.,
containing no more than 25 double-spaced
pages), focused (i.e., reviewing the research
on a specified topic), well-referenced (i.e.,
containing a rich set of relevant references),
evidence-based (i.e., providing an up-to-
date review of the best empirical evidence),
theory-based (i.e., relating the findings to
testable predictions of theories when ap-
propriate), and educationally relevant (i.e.,
drawing implications for educational prac-
tice when appropriate). In order to minimize
confusion, I asked authors to clearly define
jargon terms in the text as well as in a glos-
sary at the end of the chapter. Each chapter
was reviewed and revised.

The intended audience includes anyone
interested in how people learn from words
and pictures in computer-based environ-
ments. Although this handbook summarizes
the research base in multimedia learning, it
is intended to be accessible to a general au-
dience. On one hand, this handbook is de-
signed to support readers with practical in-
terests in how to design or select multimedia
learning environments that promote learn-
ing. On the other hand, this handbook is
designed to support readers who have aca-
demic interests in conducting or evaluating
research in multimedia learning. The Hand-
book would be appropriate for courses re-
lated to cognitive science, educational psy-
chology, instructional design, human factors,
multimedia arts and technology, professional
training, and interface design. It also would
be useful for instructors interested in de-
signing or improving multimedia lessons in
school settings, job training contexts, and
informal environments. In short, The Cam-
bridge Handbook of Multimedia Learning
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preface xi

belongs on the bookshelf of anyone who
is interested in an evidence-based approach
to Web-based learning, e-learning, hyperme-
dia, multimedia, Web site design, distance
learning, instructional technology, human–
computer interaction, virtual environments,
or applied cognitive psychology.

As editor, I have tried to ensure that this
handbook reflects the values that I think are
important for our field. In particular, I sought
to produce a handbook that is:

research based – The Handbook is in-
tended to summarize the empirical re-
search on multimedia learning, rather
than describe untested best practices
or software development projects. Al-
though I have much respect for the
craft knowledge of practitioners and
designers, it is important to know if rec-
ommendations are supported by scien-
tific evidence and under what condi-
tions they are supported. Thus, I value
a focus on scientific evidence as the key
to progress in our field.

theory grounded – The Handbook is in-
tended to relate empirical research to
cognitive theories of how people learn.
My overriding premise is that multi-
media learning environments should be
designed in ways that are consistent
with what is known about how people
learn.

educationally relevant – The Handbook
focuses on issues that are relevant to
education, that is, to helping people
learn. Thus, I sought chapters that of-
fer research-based implications for in-
structional design.

comprehensive – The Handbook offers a
broad view of the field, including con-
tributions from multimedia researchers
around the world. I value the perspec-
tives of researchers who have devoted
so much of their energy to understand-
ing multimedia learning.

timely – The Handbook offers an up-
to-date overview of the field. I value
timeliness because the scientific study
of multimedia learning is maturing at

a rapid pace, and so are the practi-
cal demands for building multimedia
learning environments – ranging from
e-courses to in-class simulations.

readable – In my role as editor I have tried
to ensure that the chapters are clear
and concise, with key terms defined and
concrete examples provided. In a mul-
tidisciplinary field such as this one, it is
important that the chapters communi-
cate what is known in a way that gen-
eral readers can appreciate.

In short, my values have motivated me to
seek chapters that are based on empirical
research and grounded in cognitive theory
rather than chapters that mainly describe de-
velopment efforts or best practices.

Editing this book has been a treat for
me, because I could commission chapters
from the best researchers in the field and
be the first to learn what they had to say.
I am pleased to share the fruits of this en-
terprise with you in a timely fashion. My
hope is that you enjoy reading this hand-
book as much as I have enjoyed editing it.
I will consider this handbook to be a suc-
cess if it helps you to understand what is
known about how people learn from words
and pictures; gives you useful help in build-
ing or selecting effective multimedia learn-
ing environments; or encourages you to pro-
duce or investigate research that contributes
to cognitive theory and educational prac-
tice. I hope that you will feel free to contact
me at mayer@psych.ucsb.edu to share your
comments about The Cambridge Handbook
of Multimedia Learning.
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Danaë Stanton Fraser

Department of Psychology
University of Bath
Bath, BA2 7AY
United Kingdom
D.StantonFraser@bath.ac.uk

Mary Hegarty

Department of Psychology
University of California
Santa Barbara, CA 93106-9660

USA
hegarty@psych.ucsb.edu

Jennifer Jobst

School of Information
SZB 564

1 University Station, D700

University of Texas
Austin, TX 7871 2

USA
jenj@mail.utexas.edu

David H. Jonassen

School of Information Science and Learning
Technologies

221C Townsend Hall
University of Missouri
Columbia, MO 6521 1

USA
jonassen@missouri.edu

Linda C. Jones

University of Arkansas
Department of Foreign Languages
Kimpel Hall 425

Fayetteville, AR 72701

USA
lcxjones@uark.edu

Ton de Jong

Faculty of Behavioral Sciences
University of Twente
P.O. Box 217

7500 AE Enschede
The Netherlands
jong@edte.utwente.nl

Slava Kalyuga

Educational Assessment Australia
University of New South Wales
1 2-22 Rothschild Avenue
Rosebery 2018

Australia
S.Kalyuga@eaa.unsw.edu.au

www.cambridge.org© Cambridge University Press

Cambridge University Press
0521838738 - The Cambridge Handbook of Multimedia Learning
Edited by Richard E. Mayer
Frontmatter
More information

http://www.cambridge.org/0521838738
http://www.cambridge.org
http://www.cambridge.org


contributors xv

Liesbeth Kester

Educational Technology Expertise Center
Open University of the Netherlands
P.O. Box 2960

NL-6401 DL Heerlen
The Netherlands
Liesbeth.Kester@ou.nl

Robert Kozma

Center for Technology in Learning
SRI International
333 Ravenswood Avenue
Menlo Park, CA 94025

USA
robertkozma@sri.com

James Laffey

School of Information Science and Learning
Technologies

221L Townsend Hall
University of Missouri
Columbia, MO 6521 1

USA
laffeyj@missouri.edu

Susanne P. Lajoie

Department of Educational and Counseling
Psychology

McGill University
3700 McTavish Street
Montreal, Quebec
Canada H3A IT2

Susanne.lajoie@mcgill.ca

Chwee Beng Lee

School of Information Science and Learning
Technologies

1 1 1 London Hall
University of Missouri
Columbia, MO 6521 1

USA
cuimin@signet.com.sg

Renae Low

School of Education
University of New South Wales
Sydney, NSW 2052

Australia
r.low@unsw.edu.au

Richard K. Lowe

Department of Education
Curtin University of Technology
G.P.O. Box U1987

Perth, Western Australia 6845

Australia
r.k.lowe@curtin.edu.au

Richard E. Mayer

Department of Psychology
University of California
Santa Barbara, CA 93106-9660

USA
mayer@psych.ucsb.edu

Roxana Moreno

Educational Psychology Program
Simpson Hall, Room 1 23

University of New Mexico
Albuquerque, NM 87131 -1 246

USA
moreno@unm.edu

Carlos Nakamura

Department of Educational and Counseling
Psychology

McGill University
3700 McTavish Street
Montreal, Quebec
Canada H34 IT2

Carlos.nakamura@mail.mcgill.ac

Fred Paas

Educational Psychology Expertise
Center

Open University of the Netherlands
P. O. Box 2960

6401 DL Heerlen
Heerlen
The Netherlands
Fred.Paas@ou.nl

Jan Plass

The Steinhart School of Education
New York University
East Building, 239 Greene Street, #308

New York, NY 10003

USA
jan.plass@nyu.edu
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Multimedia Learning: Empirical Results and Practical Applications
Peter E. Doolittle

Virginia Tech

ABSTRACT: Web-based multimedia represents the presentation of instruction that involves more than
one delivery media, presentation mode, and/or sensory modality.  The basis for the use of multimedia is
the assumption that when the user interacts within these various methods they learn more meaningfully.
Recently, there has been an increase in the amount of multimedia research that is grounded in cognitive
psychology.  This research has begun to identify various design principles that are both theoretically
grounded and educationally applicable.  This session is designed to examine and provide examples of
principles of effective multimedia design that are grounded in cognitive psychology.

Defining Multimedia:

Multimedia may be defined in multiple way, depending upon one’s perspective.  Typical definitions
include the following:

• Multimedia is the “use of multiple forms of media in a presentation” (Schwartz & Beichner, 1999, p. 8).
• Multimedia is the “combined use of several media, such as movies, slides, music, and lighting,

especially for the purpose of education or entertainment” (Brooks, 1997, p. 17).
• Multimedia is “information in the form of graphics, audio, video, or movies. A multimedia document

contains a media element other than plain text” (Greenlaw & Hepp, 1999, p. 44).
• Multimedia comprises a computer program that includes “text along with at least one of the following:

audio or sophisticated sound, music, video, photographs, 3-D graphics, animation, or high-resolution
graphics” (Maddux, Johnson, & Willis, 2001, p. 253).

The commonality among these definitions “involves the integration of more than one medium into some
form of communication….Most commonly, though, this term now refers to the integration of media such as text,
sound, graphics, animation, video, imaging, and spatial modeling into a computer system (von Wodtke, 1993)”
(Jonassen, 2000, p. 207).

A Multimedia Framework:

Investigating the effects of multimedia on learning and performance requires a solid foundation in learning
theory.  A theoretically-grounded investigation of multimedia allows one to draw conclusions relative to the learner,
rather than attempting the slippery slope of a media comparison (see Clark, 1994; Lockee, Burton, & Cross, 1999).
Bishop and Cates (2001) effectively synthesize information processing theory and communication theory as a
foundation for the investigation of the use of sound in multimedia instruction. Another example of multimedia
investigations that are grounded in cognitive theory includes the work of Richard Mayer (see Mayer, 1997, 1999;
Mayer & Anderson, 1991, 1992; Mayer, Bove, Bryman, Mars, & Tapangco, 1996; Mayer & Gallini, 1990; Mayer &
Heiser, & Lonn, 2001; Mayer & Moreno, 1998; Mayer, Moreno, Boire, & Vagge, 19999; Mayer, & Sims, 1994;
Moreno & Mayer, 1999; Moreno, & Mayer, 2000; Moreno & Mayer 2001).

Mayer has based the majority of his multimedia work on an integration of Sweller’s cognitive load theory
(Chandler & Sweller, 1991; Sweller, 1999), Pavio’s dual-coding theory (Clark & Paivio, 1991; Paivio, 1986), and
Baddeley’s working memory model (1986, 1992, 1999). Mayer focuses on the auditory/verbal channel and visual
pictorial channel, stating,

I define multimedia as the presentation of material using both words and pictures….thus the definition of
multimedia I use…is narrower than some other definitions….I have opted to limited the definition to just
two forms – verbal and pictorial – because the research base in cognitive psychology is most relevant to
this distinction.”



Mayer bases his cognitive theory of multimedia learning on the following model.

This model is based upon three primary assumptions (Mayer, 2001):

1. Visual and auditory experiences/information are processed through separate and distinct information
processing “channels.”

2. Each information processing channel is limited in its ability to process experience/information.
3. Processing experience/information in channels is an active cognitive process designed to construct

coherent mental representations.

Further, this model is activated through five steps: “(a) selecting relevant words for processing in verbal
working memory, (b) selecting relevant images for processing in visual working memory, (c) organization selected
words into a verbal mental model, (d) organizing selected images into a visual mental model, and (e) integrating
verbal and visual representations as well as prior knowledge” (Mayer, 2001, p. 54).

Empirical Multimedia Results and Applications

Mayer and his colleagues have conducted a decade’s worth of research investigating the nature and effects
of multimedia presentations on human learning.  These effects are summarized below with relative practical
applications.

Empirical Results Practical Applications
Multimedia Principle: Students learn better from words
and pictures than from words alone.

On screen animation, slide shows, and narratives should
involve both written or oral text and still or moving
pictures. Simple blocks of text or auditory only links are
less effect than when this text or narration is coupled
with visual images.
(Sample example)

Spatial Contiguity Principle: Students learn better
when corresponding words and pictures are presented
near rather than far from each other on the page or
screen.

When presenting coupled text and images, the text
should be close to or embedded within the images.
Placing text under an image (i.e., a caption) is sufficient,
but placing the text within the image is more effective.
(Sample example)

Temporal Contiguity Principle: Students learn better
when corresponding words and pictures are presented
simultaneously rather than successively.

When presenting coupled text and images, the text and
images should be presented simultaneously. When
animation and narration are both used, the animation and
narration should coincide meaningfully.
(Sample example)

Pictorial
Model

Verbal
Model

Images

SoundsEars

Eyes

Words

Pictures

Prior
Knowledge

selecting
words

selecting
images

organizing
words

organizing
images

integrating



Coherence Principle: Students learn better when
extraneous words, pictures, and sounds are excluded
rather than included.

Multimedia presentations should focus on clear and
concise presentations. Presentations that add “bells and
whistles” or extraneous information (e.g. to increase
interest) impede student learning.
(Sample example).

Modality Principle: Students learn better from
animation and narration than from animation and on-
screen text.

Multimedia presentations involving both words and
pictures should be created using auditory or spoken
words, rather than written text to accompany the
pictures.
(Sample example)

Redundancy Principle: Student learn better from
animation and narration than from animation, narration,
and on-screen text.

Multimedia presentations involving both words and
pictures should present text either in written form, or in
auditory form, but not in both.
(Sample example)

Individual Differences Principles: Design effects are
stronger for low-knowledge learners than for high-
knowledge learns and for high spatial learners rather
than from low spatial learners.

The aforementioned strategies are most effective for
novices (e.g., low-knowledge learners) and visual
learners (e.g., high-spatial learners). Well structured
multimedia presentations should be created for they are
most likely to help.

Conclusion

Multimedia and its effects on learning are slowly being teased out. This teasing, or investigation, is best
endeavored from a well-grounded foundation, such as cognitive psychology.  The work of Mayer, and others,
provides an example of well-grounded multimedia research that is yielding interesting and robust findings.
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The cognitive benefits of interactive videos:
learning to tie nautical knots
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Abstract

In contrast to their traditional, non-interactive counterparts, interactive dynamic visualisa-
tions allow users to adapt their form and content to their individual cognitive skills and
needs. Provided that the interactive features allow for intuitive use without increasing cogni-
tive load, interactive videos should therefore lead to more efficient forms of learning. This
notion was tested in an experimental study, where participants learned to tie four nautical
knots of different complexity by watching either non-interactive or interactive videos. The
results show that in the interactive condition, participants used the interactive features like
stopping, replaying, reversing or changing speed to adapt the pace of the video demon-
stration. This led to an uneven distribution of their attention and cognitive resources across
the videos, which was more pronounced for the difficult knots. Consequently users of non-
interactive video presentations, needed substantially more time than users of the interactive
videos to acquire the necessary skills for tying the knots.
# 2004 Elsevier Ltd. All rights reserved.
Over the course of the last two decades, the art of presenting information has

undergone dramatic changes due to the development of computer systems that are

capable of processing and displaying huge amounts of information almost

instantly. Therefore, dynamic visual media like interactive video, hypervideo, and

virtual reality have emerged. These media combine realistic, iconic depictions with

the three main characteristics of the so-called ‘‘new media’’:
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. non-linear structure,

. concerted use of a great number of different symbol systems, and

. interactivity, which gives users the opportunity to decide on the ‘‘what’’ and the
‘‘how’’ of the information presentation.

It is this last aspect of the new types of dynamic visual media—interactivity—
that will be the focus of the following sections. In particular, it will be discussed if
and under which circumstances the enlarged scope of action on the side of the user
leads to a better processing and understanding of the presented visual information.
From a cognitive standpoint, this problem may be decomposed into two different
aspects. Firstly, the difference between picking up information by means of direct,
unmediated observation and by means of media-based presentation will be con-
sidered. Secondly, against this backdrop of the cognitive purposes of media in
general the question of the cognitive benefits of interactive visual media will be dis-
cussed. In particular, we will examine if and under which circumstances inter-
activity leads to a better processing and understanding of the presented visual
information.
1. The cognitive benefits of media-based information over direct experience

From the perspective of human evolution, the human information processing
system has for the most part developed without the use of media (Donald, 1991).
Thus, the cognitive apparatus is well adapted to conditions of direct, unmediated
experience. Nevertheless, a large number of empirical studies in the field of media
psychology have shown that recipients can also deal with media based information
with apparent ease. This is especially true for iconic depictions—regardless of whe-
ther they are in the form of static pictures and photographs or dynamic movies
and video clips (Hobbs, Frost, Davies, & Stauffer, 1988; Messaris, 1994). This
leads to the conclusion that at least realistic, iconic media make use of general,
media-unspecific cognitive skills (Anderson, 1996; Levin & Simons, 2000).
Iconic media, however, should not be thought of as merely a convenient means

of storing and transmitting visual information that is otherwise more or less cogni-
tively equivalent to its ‘‘natural’’ unmediated counterparts. Instead, it should also
be realized that one of the main benefits of media-based information presentations
is that contents can be customized according to the cognitive needs of users. In the
case of films or videos, customization takes place by staging events, by controlling
the recording process (e.g. choosing different camera lenses, using multiple cameras
etc.), and by arranging and assembling the recorded material during post-pro-
duction (e.g. introducing film cuts). Indeed, some film scholars argue that by means
of careful design, the film director is to a large extent, able to facilitate and control
the cognitive processes of the film viewers (Bordwell, 1985). For example, Schwan,
Garsoffky, and Hesse (2000) demonstrated that film depictions of complex activity
sequences were better understood if activity boundaries were made more salient
through the placement of film cuts. In other words, the placement of the cuts was
found to facilitate the process of cognitively segmenting the stream of activity into
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comprehensible units. Also, Schwan and Garsoffky (2004) could show that film
summaries of complex activity sequences led to mental representations similar to
those developed from complete, ‘un-shortened’ depictions of the event, thereby
reducing the viewers’ needs to cognitively select and aggregate relevant parts of the
activity.
In more general terms: media-based information presentations like photographs

or movies are not merely valid reproductions of factual information, but are also
instruments for information processing. They give authors and producers a great
degree of freedom for shaping the presentation of information. These degrees of
freedom may even be greater than for a common observer under conditions of
natural, everyday experience. For example, a film director can record a given event
simultaneously from multiple viewpoints, and can subsequently choose the best,
‘‘canonical’’ view for each part of the event (Blanz, Tarr, & Bülthoff, 1999; Palmer,
Rosch, & Chase, 1981). In contrast, everyday observers are typically restricted to
their particular viewpoint, which they cannot easily change (Garsoffky, Schwan, &
Hesse, 2000). In other words, media authors have the possibility to optimize the
experiencing conditions of events those ordinary observers do not possess.
Consequently, these characteristics of visual media lead to a kind of ‘‘working

division’’ between author and recipient. The recipients delegate the shaping of their
conditions of experience to the author. In turn, the author designs the information
presentation in order to facilitate and partly anticipate the cognitive processes of
the recipients. The recipient then follows the media presentation and processes it in
a mostly predetermined way. This is exemplified by watching a movie or a tele-
vision report: Here, the sequence and pace of the information presentation is fixed,
thereby substantially constraining the mental activities of the viewers.
Keep in mind, that this model is not equivalent with the notion of the recipient

as a kind of passive ‘‘couch potato’’. Instead, comprehending the media presen-
tation encompasses a host of information processing activities (Wetzel, Radtke, &
Stern, 1994), but these activities are shaped by the characteristics of the media-
based information presentation. Additionally, they are restricted to internal, men-
tal processes, whereas overt activities in the sense of modifying the given media
presentation are minimized.
2. The benefits of interactive media over non-interactive media

According to the above arguments, one of the main advantages of media over
direct experience lies in the possibilities to intentionally shape, arrange, and opti-
mize information with regard to the cognitive apparatus of its recipients. This opti-
mizing process does have limitations, however. Films and videos are mass media
presentations in the sense that they do not address a specific viewer, but rather a
general audience. Typically, the cognitive characteristics of this audience’s
members will vary to a greater or lesser extent. Examples of such differences
between individual members might include cognitive skills, prior knowledge, current
interests, or metacognitive strategies.
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For traditional mass media, it is almost impossible to take these individual dif-
ferences into account. Instead, they have to rely on the notion of an ‘‘average
user’’, who is equipped with a set of common cognitive characteristics. Thus,
whereas a media presentation may be well suited for the mental apparatus of the
user in general, its fit with the cognitive needs of a given individual viewer may be
substantially smaller.
Here, interactive media come into play, because they give up the strict working

division between author and user in favor of a more balanced approach, whereby
parts of the process of shaping the information presentation are returned to the
user. Interactive media enable the user to adapt the presentation to her or his indi-
vidual cognitive needs by actively deciding about the ‘‘what’’ and the ‘‘how’’ of a
given presentation. As a consequence, by introducing interactivity into a dynamic
visual presentation, not only the balance between author and user is profoundly
changed, but also the interplay of internal (mental) and external (media directed)
activities on the side of the user.
Kirsh and Maglio (1994) have termed this user-triggered modification of an

external information presentation an ‘‘epistemic action’’, which may serve impor-
tant cognitive purposes. In particular, by use of epistemic actions, mental processes
may be facilitated and simplified, either by reducing the number of elements to be
held in memory, by reducing the number of required mental processing steps, or by
making the whole process more reliable. Kirsh and Maglio (1994) exemplified this
in a detailed analysis of the computer game ‘‘Tetris’’. Here, the player must orga-
nize variously shaped tiles as they drop from the top of the computer screen with
increasing speed. Kirsh and Maglio (1994) were able to show that skilled players
develop a number of epistemic strategies by which they manipulate the appearance
of the tiles on the screen. Players use these strategies in order to make the relevant
features of the tiles perceptually more salient. This facilitated their cognitive
processing and allowed the players to cope with tiles presented at extremely high
rates.
Viewers of traditional, non-interactive educational videos typically face problems

similar to those of the Tetris players. They must rapidly organize information that
is presented at a rate they cannot change. While texts allow their readers to tune
their reading behaviour to their cognitive needs, this is not the case for traditional
videos or films. Readers can account for the changing complexity of the text pas-
sages, e.g. by adapting their reading speed, by skipping unimportant passages, or
by re-reading difficult passages (Bazerman, 1985; Guthrie & Mosenthal, 1987). In
contrast, viewers follow the film according to its inherent speed of presentation
without such adaptive opportunities.
As argued above, in the case of a thoroughly crafted film presentation, the strict

working division between film editor and viewer may well be better suited to the
cognitive outfit of an average viewer than a direct unmediated experience. Never-
theless, the lack of adaptability may lead to dangers such as shallow processing or
cognitive overload, as has been found in a great number of empirical studies on
learning by films or videos (Seels, Berry, Fullerton, & Horn, 1996; Wetzel et al.,
1994). Thus, one important purpose of making such videos interactive may be to
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give the viewers the opportunity to adapt a presentation’s pace and sequence to
their own cognitive needs and skills.
In contrast with the abovementioned benefits, research on interactive multimedia

shows that making use of interactive features increases the number of activities
which must be planned and held in memory, and the number of decisions required
during the information presentation. Therefore, the benefits of facilitating and sim-
plifying mental processes may be outweighed by the increased cognitive load
required to efficiently manage these interactive features (e.g. Conklin, 1987;
Schnotz, Boeckheler, & Grzondziel, 1999). To put it in terms of cognitive load
theory: interactive features introduces the possible danger of increasing the
extraneous cognitive load instead of freeing cognitive resources for further infor-
mation elaboration (i.e. germane cognitive load, Sweller, Merrienboer, & Paas,
1998). Nevertheless, research on human–computer interaction indicates that inter-
active functionalities can be designed in a way that keeps increases in extraneous
load at a low level. In particular, utilization of natural mapping devices that corre-
spond to everyday perception-action-cycles have been shown to minimize required
cognitive effort (Norman, 1988; Zhang & Norman, 1995).
3. Experimental overview

In summary, an advantage of interactive dynamic visualizations over their non-
interactive counterparts may be expected in cases where the interactivity allows
users to substantially reduce the cognitive processing requirements of the learning
task while keeping the cognitive costs of the interaction behaviour at a low level.
The following study attempts to show that under these circumstances, learning can
indeed profit from the provision of interactive features.
For purposes of empirical investigation, we choose the tying of nautical knots as

to-be-learned content. There were several reasons we expected this task to be
especially suitable for an interactive video. Firstly, the tying of a nautical knot may
be considered as a continuous motor skill, which is typically learned by a combi-
nation of observation and practice. According to Park and Hopkins (1993), such
skills are best demonstrated through dynamic visualizations, e.g. video clips or ani-
mations, instead of static pictures or text descriptions. Secondly, from a practical
standpoint, in the case of nautical knots videos may both outperform direct dem-
onstration and interactive animations—the former because of its convenience and
its unlimited repeatability, the latter because of its relatively cheap and easy pro-
duction. Thirdly, different steps of the overall tying procedure may vary greatly in
difficulty and complexity (McLeay & Piggins, 1998). Also, due to varying prior
knowledge and competencies, a great degree of individual differences during learn-
ing may be expected. Therefore, nautical knot tying qualifies as learning content
that should benefit from interactively adapting its dynamic visualization to varia-
tions in complexity and cognitive processing requirements.
Whereas half of the learners were required to acquire the knot-tying skill by

viewing non-interactive videos, the other half could manipulate time-related para-
meters of the video presentation such as speed and direction. In order to minimize
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the cognitive effort for handling these interactive functions, an interface similar to
Apple Computer’s QuickTime was chosen. Here, speed and direction of presen-
tation can by simply manipulated by moving a tile in an analogous manner. There-
fore, this kind of interface fulfils the requirements of a natural mapping device, as
specified by Norman (1988) or Zhang and Norman (1995).
Within this learning setting, we expected that

. compared to conditions of a non-interactive video demonstration, participants in
the interactive video condition should indeed make use of its interactive func-
tionalities, that is, manipulate both speed and direction of the presentation.

. by use of such features, participants should devote different amounts of cognitive
effort to different parts of the demonstration (as indicated by different inspection
times).

. the uneven distribution of effort should only partly be determined by objective
features of the video demonstration, but should also reflect the individual differ-
ences of the participants.

. consequently, the uneven distribution of cognitive effort caused by the use of the
interactive features should allow the participants to acquire the required motor
skill in a more efficient way.

. overall, these effects of interactivity should be more pronounced for complex
than for simple knots.
4. Method

4.1. Subjects

Thirty-six participants (eight female and 24 male students at the University of
Offenburg, mean age 23) took part in the study. None of them had prior experi-
ence with the tying of nautical knots. They were paid for their participation.

4.2. Stimulus material and experimental setting

From a commercially available CD-ROM entitled ‘‘Segeln lernen interaktiv’’
(Learning to sail interactively)1, four video clips were selected. Each video clip
showed—framed in close-up—the hands of an actor demonstrating the tying of a
specific nautical knot (see Fig. 1). Each video clip was purely visual, i.e. contained
no spoken commentary nor sound and lasted between 14 and 35 s. Two experts
rated the knots according to their difficulty. In ascending order of difficulty, the
knots were double half hitch, cleat wind, anchor bend, and bowline.
Based on the video clips, two different learning environments were realized. In

the non-interactive environment, the video clips were presented in an all-or-nothing
fashion. That is, the learner was free to view the respective clip as often as she
wished, but she had to view it always completely from beginning to end at normal
1 Segeln lernen interaktiv (1994), Delius Klasing Verlag Bielefeld
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speed without the possibility of interruption. In contrast, in the interactive environ-
ment, the learner could interrupt the clip at will, change the speed of presentation
from slow motion to normal speed to time-lapse and vice versa, and could also
change the direction of presentation from forwards to backwards and vice versa.

4.3. Experimental design and procedure

The experiment was run as a 2� 4 factorial design with ‘‘video type’’ (non-inter-
active vs. interactive) as between-subjects factor and ‘‘difficulty of knot’’ (double
half hitch vs. cleat wind vs. anchor bend vs. bowline) as within-subjects factor. The
experiment was run in individual sessions, with each session lasting between 80 and
120 min. After a short welcome, the participants were seated in front of a com-
puter and were given a rope. They were told that they had to learn to tie four dif-
ferent nautical knots by watching video clips and practicing the knots. Prior to the
four experimental knots, a simple training knot (figure eight knot) had to be
learned in order to familiarize the participant with the learning environment. For
all five knots, the procedure was identical. In the learning phase, the learner could
watch the demonstration video as often as she wished. She could also practice the
knot by tying the rope, but only after the video was stopped. In other words, dur-
ing the learning phase, the learner could alternate between watching the video and
practicing the knot at will, but was not allowed to watch and practice simul-
taneously.
In the non-interactive condition, the video had to be watched completely from

beginning to end. In the interactive condition, the video could be stopped at arbi-
trary points and the speed and direction of the video presentation could be varied.
The participants were instructed to proceed through the learning phase until they
were able to tie the nautical knot correctly. After finishing the learning phase, the
tying of the knot had to be demonstrated to the experimenter. Then, the next knot
had to be learned. The knots were presented in fixed order of ascending difficulty
(double half hitch, cleat wind, anchor bend, bowline). After having learned all
five knots, the learners were interviewed about their learning strategies, and then
g. 1. Video still from one of the experimental video
Fi s.
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completed a test on spatial ability (Schlauchfigurentest; Stumpf & Fay, 1983). Also,
their experience with the tying of knots, the usage of computers in general, and the
usage of interactive learning software in particular was assessed on four-point
scales.

4.4. Data analysis

The behaviour of each learner during the learning phase was recorded automati-
cally via log-file protocols. Based on the log-files, the following behavioural indices
were determined: Overall duration of the learning phase, which consisted of the
overall duration of watching the video during the learning phase, and the overall
duration of practicing the knot during the learning phase. To assure comparability
across the four different knots, each time measure was divided by the length of the
respective demonstrating video. Also, the number of practicing trials during the
learning phase was determined.
Additionally, for the interactive condition, it was determined how often the lear-

ner stopped the video clip without practising, how often she watched the video in
slow motion, how often she watched the video in time-lapse, and how often the
direction of presentation was changed. Also, for each frame of the video clip it was
determined how long the learner viewed it. From this, both mean and standard
deviation of the viewing duration across all frames of the video clip were calculated
for each learner.
5. Results

5.1. Individual differences

The participants of the study had no prior expertise in the tying of knots
(x ¼ 0:2 on a four-point scale), an average experience with computers in general
(x ¼ 2:2 on a four-point scale), and low expertise with interactive learning software
(x ¼ 1:0 on a four-point scale). Also, t-tests showed no significant differences
between the experimental conditions on these variables, all p>0.10. Similarly, the
spatial abilities were also comparable across experimental conditions, tð34Þ ¼ 0:29,
p > 0:10.

5.2. Learning outcomes

None of participants had to be excluded from the study, because all were able to
competently demonstrate the tying of each of the four knots to the experimenter
immediately after the respective learning phase.

5.3. Learning time

As can be seen in Table 1, across all experimental conditions, the mean overall
learning time, relative to length of the respective demonstrating video, varied from
7.6 for the easiest knot (double half hitch) under conditions of interactive presen-
tation to 34.2 for the most difficult knot (bowline) under conditions of non-
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interactive presentation. In a 2� 4 MANOVA, both factors ‘‘video type’’
(non-interactive vs. interactive), Fð1; 34Þ ¼ 14:6, p < 0:01, and ‘‘difficulty of knot’’

(double half hitch vs. cleat wind vs. anchor bend vs. bowline), Fð3; 102Þ ¼ 46:8,
p < 0:001 were highly significant. The interaction between the two factors was also

significant, Fð3; 102Þ ¼ 2:7, p < 0:05. Closer inspection of the results shows that it
took the learners drastically longer to learn the knot under the conditions of

non-interactive video presentation than under the conditions of interactive video

presentation. Depending on the type of knot, this difference was more or less
pronounced, ranging from about 66% for cleat wind to about 95% for anchor

bend.
Next, the overall learning time was broken down into the time for viewing the

demonstrating video and the time for practicing the knot (see Table 1). With

regard to the viewing time, a 2� 4 MANOVA revealed a highly significant main
effect of ‘‘difficulty of knot’’, Fð3; 102Þ ¼ 34:6, p < 0:001. Although for every type

of knot, the interactive group spend less time viewing the video, neither the factor

‘‘video type’’ (Fð1; 34Þ ¼ 4:7, p > 0:05) nor the interaction of ‘‘video type’’ and
‘‘difficulty of knot’’ (Fð3; 102Þ < 1, p > 0:10) reached significance. Thus, whereas

the viewing times varied depending on the type of knot, they were roughly compa-
rable with regard to the presence or absence of interactive possibilities. In contrast,

the practicing times were heavily influenced by the factor ‘‘video type’’. For all
knots, the learners practiced at least as twice as long in the non-interactive con-

dition than in the interactive condition. The Anchor Bend was practiced three

times longer under non-interactive condition than under interactive condition.
Accordingly, a 2� 4 MANOVA revealed significant main effects both for ‘‘video

type’’, Fð1; 34Þ ¼ 18:0, p < 0:001 and for ‘‘difficulty of knot’’, Fð3; 102Þ ¼ 38:7,
p < 0:001, as well as an highly significant interaction of both factors,

Fð3; 102Þ ¼ 6:1, p < 0:01.
Table 1

Means (M) and standard deviations (SD) of overall learning time, viewing time and practicing time in

the different experimental conditions
D
ouble

half hitch
Cleat

wind
Anchor

bend
Bowline
Overall learning time
 Non-interactive
 M 1
3.5
 31.6 2
5.7
 34.3
SD
 5.7
 13.9
 11.9
 13.6
Interactive
 M
 7.6
 19.0
 13.0
 20.5
SD
 4.4
 12.0
 6.8
 9.1
Viewing time
 Non-interactive
 M
 6.6
 10.5
 10.1
 12.3
SD
 2.5
 4.2
 4.0
 4.2
Interactive
 M
 4.1
 9.7
 7.7
 9.9
SD
 1.5
 4.7
 3.3
 3.9
Practicing time
 Non-interactive
 M
 6.9
 21.1
 15.6
 22.0
SD
 3.4
 11.0
 8.9
 10.9
Interactive
 M
 3.6
 9.2
 5.2
 10.6
SD
 3.3
 8.2
 4.1
 5.6
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5.4. Usage of interactive features

In the interactive condition, the learners made heavy use of the interactive fea-
tures, especially of slow motion, time-lapse (i.e. playing the video with increased
presentation speed), and change of direction (see Table 2). The amount of inter-
activity was also influenced by the difficulty of the to-be-learned knot, with more
difficult knots provoking more interactive behaviour. Accordingly, one-factorial
analyses of variance showed significant effects of knot difficulty for the slow
motion feature, Fð3; 51Þ ¼ 11:6, p < 0:001, for the time-lapse feature,
Fð3; 51Þ ¼ 4:0, p < 0:05, and for changes of presentation direction, Fð3; 51Þ ¼ 8:4,
p < 0:001. The strategic uses of the interactive features were also apparent in the
post-experimental interviews with the participants. Most of them said that they
used the interactive features in order to cope with the more difficult parts of the
knot tying process.
By means of this usage pattern, the learners distributed their viewing time

devoted to the individual video frames unevenly. For each of the four videos, the
mean viewing time of each of its frames was determined across all viewers. Based
on these data, the mean standard deviation of the viewing times across all frames
was calculated for each video. Again, this index of variability of viewing times was
more pronounced for the more difficult knots, as shown by a highly significant
effect, Fð3; 51Þ ¼ 13:6, p < 0:001 (see Table 2).
In addition, an indicator of the homogeneity of the usage of interactive features

was calculated. For each of the four videos, and for each participant, the distri-
bution of viewing time across its frames was calculated. Then, the mean correlation
of these distributions across the participants was calculated for each video. The
mean correlations were r ¼ 0:19, p < 0:05 for the double half hitch, r ¼ 0:22,
p < 0:05 for the cleat wind, r ¼ 0:17, p < 0:05 for the anchor bend, and r ¼ 0:48,
p < 0:001 for the Bowline. Thus, for three of the four knots the mean correlations
were positive but low, indicating strong inter-individual differences in the distri-
bution of viewing times across the videos. The only exception was the most difficult
Table 2

Means (M) and standard deviations (SD) of use of interactive features for the four different knots
Double half

hitch
Cleat

wind
Anchor

bend
Bowline
Number of stops (without

practicing)
M
 3.3
 2.7
 3.5
 2.3
SD
 3.7
 1.5
 1.5
 1.6
Number of slow motions
 M
 1.5
 7.7
 6.3
 10.1
SD
 2.0
 7.0
 5.5
 8.4
Number of time-lapses
 M
 14.8
 17.1
 18.7
 23.3
SD
 12.9
 14.4
 13.8
 11.0
Number of direction changes
 M
 16.0
 22.9
 24.7
 31.7
SD
 13.1
 17.6
 17.8
 15.1
Variability of viewing time

across video
M
 2.1
 4.0
 3.4
 5.3
SD
 1.2
 2.2
 1.9
 2.2
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knot, the bowline. Here, a moderate inter-individual accordance of the viewing
time distribution was found.
6. Discussion

The present study addressed the question whether or not dynamic visual media,
conceived as cognitive tools, may gain additional effect by making their process of
reception interactive. The results show that at least under the specific conditions of
the present study, the provision of dynamic visualisations with interactive features
may indeed accelerate the process of skill acquisition. When faced with the task
of learning nautical knots of varying difficulties, participants made heavy use of
the interactive features provided. Similar to well-established reading strategies
(Bazerman, 1985; Guthrie & Mosenthal, 1987), viewers of the video clips acceler-
ated, decelerated, stopped, reversed or repeated parts of the videos in a systematic
manner, thus distributing their attention and cognitive resources unevenly across
the whole video demonstration. Also, this redistribution was even more pro-
nounced for the more difficult knots.
The results fit neatly with the concept of epistemic actions, as introduced by

Kirsh and Maglio (1994): the participants obviously possessed a repertoire of stra-
tegic interactions, and used it intentionally to adapt the pace and density of the vis-
ual information presentation to their cognitive processing needs. Further, these
processing needs were to a large degree of an individual nature, as indicated by the
low correlations of the distribution of viewing times across participants for a given
video. Hence, these adaptation processes can only partly be anticipated by a fixed,
non-interactive approach to video design.
In effect, despite the substantial redistribution of attention, the average overall

viewing times for a given interactive video were largely comparable to its non-inter-
active counterpart. In other words, the effect of requiring more time to watch the
more difficult parts of the video repeatedly, in slow motion, or with stops was more
or less compensated by skipping the more easy parts of the videos or watching
them in speeded mode. But although the viewing times were roughly the same, the
viewers of the interactive videos developed a better understanding of the depicted
processes than the viewers of the non-interactive videos. Accordingly, the viewers
of the non-interactive videos had to practice the knots at least twice as long as the
viewers of their interactive counterparts until they could reproduce it accurately. In
other words, learning to tie nautical knots proceeded in a far more efficient man-
ner, if the video demonstration allowed for interactive adaptation to the cognitive
needs of the viewers.
Similar gains in learning effectiveness have also been reported for learning ori-

gami (paper-folding) by means of interactive video demonstrations (Shyu &
Brown, 1995). On the other hand, some other empirical studies of interactive
dynamic visualisations have failed to show corresponding increases in learning out-
comes (Lowe, 1999; Schnotz et al., 1999). At closer inspection, two major differ-
ences seem to contribute to this difference in usefulness of interactive possibilities.
Firstly, the studies of Lowe (1999) and of Schnotz et al. (1999) dealt with the
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acquisition of abstract conceptual knowledge—e.g. meteorological dynamics from
weather maps—whereas both the present study and the study by Shyu and Brown
(1995) focussed on concrete procedural skills. As Lowe (1999) has convincingly
shown, in the case of weather maps, the visible dynamic changes in the video pres-
entation do not necessarily stand in direct connection to the underlying causal
principles that have to be learned. In other words, viewers may not possess the
appropriate interaction strategies to deal with the video presentation in order to
extract its essential conceptual features. Secondly, this lack of appropriate strate-
gies may be accompanied by the problem of finding an adequate user metaphor for
the interactive functionalities. The absence of such a metaphor reduces the natural-
ness of the user interface and may in turn lead to an increased extraneous load, as
reported by Schnotz et al. (1999). In other words, balancing the provision of inter-
activity with the cognitive effort required for strategically handling these functions
seems to be a difficult endeavour for abstract conceptual tasks. In contrast, com-
bining a procedural learning task with a highly intuitive interactive interface con-
stitutes an valuable application field for interactive dynamic visualisations, where
learners may adapt the presentation to their individual needs at low cognitive
costs.
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Nine Ways to Reduce Cognitive Load in Multimedia Learning
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First, we propose a theory of multimedia learning based on the assumptions that humans possess
separate systems for processing pictorial and verbal material (dual-channel assumption), each
channel is limited in the amount of material that can be processed at one time (limited-capacity
assumption), and meaningful learning involves cognitive processing including building con-
nections between pictorial and verbal representations (active-processing assumption). Second,
based on the cognitive theory of multimedia learning, we examine the concept of cognitive over-
load in which the learner’s intended cognitive processing exceeds the learner’s available cogni-
tive capacity. Third, we examine five overload scenarios. For each overload scenario, we offer
one or two theory-based suggestions for reducing cognitive load, and we summarize our re-
search results aimed at testing the effectiveness of each suggestion. Overall, our analysis shows
that cognitive load is a central consideration in the design of multimedia instruction.

WHAT IS MULTIMEDIA LEARNING AND
INSTRUCTION?

The goal of our research is to figure out how to use words and
pictures to foster meaningful learning. We define multimedia
learning as learning from words and pictures, and we define
multimedia instruction as presenting words and pictures that
are intended to foster learning. The words can be printed (e.g.,
on-screen text) or spoken (e.g., narration). The pictures can
be static (e.g., illustrations, graphs, charts, photos, or maps) or
dynamic (e.g., animation, video, or interactive illustrations).
An important example of multimedia instruction is a com-
puter-based narrated animation that explains how a causal
system works (e.g., how pumps work, how a car’s braking
system works, how the human respiratory system works, how
lightning storms develop, how airplanes achieve lift, or how
plants grow).

We define meaningful learning as deep understanding of
the material, which includes attending to important aspects of
the presented material, mentally organizing it into a coherent

cognitive structure, and integrating it with relevant existing
knowledge. Meaningful learning is reflected in the ability to
apply what was taught to new situations, so we measure learn-
ing outcomes by using problem-solving transfer tests (Mayer
& Wittrock, 1996). In our research, meaningful learning in-
volves the construction of a mental model of how a causal
system works. In addition to asking whether learners can re-
call what was presented in a lesson (i.e., retention test), we
also ask them to solve novel problems using the presented
material (i.e., transfer test). All the results reported in this arti-
cle are based on problem-solving transfer performance.

In pursuing our research on multimedia learning, we have
repeatedly faced the challenge of cognitive load: Meaningful
learning requires that the learner engage in substantial cogni-
tive processing during learning, but the learner’s capacity for
cognitive processing is severely limited. Instructional design-
ers have come to recognize the need for multimedia instruc-
tion that is sensitive to cognitive load (Clark, 1999; Sweller,
1999; van Merriënboer, 1997). A central challenge facing de-
signers of multimedia instruction is the potential for cognitive
overload—in which the learner’s intended cognitive process-
ing exceeds the learner’s available cognitive capacity. In this
article we present a theory of how people learn from multime-
dia instruction, which highlights the potential for cognitive
overload. Then, we describe how to design multimedia in-
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struction in ways that reduce the chances of cognitive over-
load in each of five overload scenarios.

HOW THE MIND WORKS

We begin with three assumptions about how the human mind
works based on research in cognitive science—the dual chan-
nel assumption, the limited capacity assumption, and the ac-
tive processing assumption. These assumptions are summa-
rized in Table 1.

First, the human information-processing system consists
of two separate channels—an auditory/verbal channel for
processing auditory input and verbal representations and a vi-
sual/pictorial channel for processing visual input and picto-
rial representations.1 The dual-channel assumption is a
central feature of Paivio’s (1986) dual-coding theory and
Baddeley’s (1998) theory of working memory, although all
theorists do not characterize the subsystems exactly the same
way (Mayer, 2001).

Second, each channel in the human information-process-
ing system has limited capacity—only a limited amount of
cognitive processing can take place in the verbal channel at
any one time, and only a limited amount of cognitive process-
ing can take place in the visual channel at any one time. This is
the central assumption of Chandler and Sweller’s (1991;
Sweller, 1999) cognitive load theory and Baddeley’s (1998)
working memory theory.

Third, meaningful learning requires a substantial amount
of cognitive processing to take place in the verbal and visual
channels. This is the central assumption of Wittrock’s (1989)
generative-learning theory and Mayer’s (1999, 2002) select-
ing–organizing–integrating theory of active learning. These
processes include paying attention to the presented material,
mentally organizing the presented material into a coherent
structure, and integrating the presented material with existing
knowledge.

Let us explore these three assumptions within the context
of a cognitive theory of multimedia learning that is summa-
rized in Figure 1. The theory is represented as a series of
boxes arranged into two rows and five columns, along with
arrows connecting them. The two rows represent the two in-
formation-processing channels, with the auditory/verbal
channel on top and the visual/pictorial channel on the bottom.
This aspect of the Figure 1 is consistent with the dual-channel
assumption.

The five columns in Figure 1 represent the modes of
knowledge representation—physical representations (e.g.,
words or pictures that are presented to the learner), sensory
representations (in the ears or eyes of the learner), shallow

working memory representations (e.g., sounds or images at-
tended to by the learner), deep working memory representa-
tions (e.g., verbal and pictorial models constructed by the
learner), and long-term memory representations (e.g., the
learner’s relevant prior knowledge). The capacity for physi-
cally presenting words and pictures is virtually unlimited, and
the capacity for storing knowledge in long-term memory is
virtually unlimited, but the capacity for mentally holding and
manipulating words and images in working memory is lim-
ited. Thus, the working memory columns in Figure 1 are sub-
ject to the limited-capacity assumption.

The arrows represent cognitive processing. The arrow
from words to eyes represents printed words impinging on the
eyes; the arrow from words to ears represents spoken words
impinging on the ears; and the arrow from pictures to eyes
represents pictures (e.g., illustrations, charts, photos, anima-
tions, and videos) impinging on the eyes. The arrow labeled
selecting words represents the learner’s paying attention to
some of the auditory sensations coming in from the ears,
whereas the arrow labeled selecting images represents the
learner’s paying attention to some of the visual sensations
coming in through the eyes.2 The arrow labeled organizing
words represents the learner’s constructing a coherent verbal
representation from the incoming words, whereas the arrow
labeled organizing images represents the learner’s construct-
ing a coherent pictorial representation from the incoming im-
ages. Finally, the arrow labeled integrating represents the
merging of the verbal model, the pictorial model, and relevant
prior knowledge. In addition, we propose that the selecting
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1
Based on research on discourse processing (Graesser, Millis, & Zwaan,

1997), it is not appropriate to equate a verbal channel with an auditory channel.
Mayer (2001) provided an extended discussion of the nature of dual channels.

TABLE 1
Three Assumptions About How the Mind Works in Multimedia

Learning

Assumption Definition

Dual channel Humans possess separate information processing
channels for verbal and visual material.

Limited capacity There is only a limited amount of processing capac-
ity available in the verbal and visual channels.

Active processing Learning requires substantial cognitive processing
in the verbal and visual channels.

FIGURE 1 Cognitive theory of multimedia learning.

2
Selecting words refers to selecting aspects of the text information rather

than only specific words. Selecting images refers to selecting parts of pictures
rather than only whole pictures.



and organizing processes may be guided partially by prior
knowledge activated by the learner. In multimedia learning,
active processing requires five cognitive processes: selecting
words, selecting images, organizing words, organizing im-
ages, and integrating. Consistent with the active-processing
assumption, these processes place demands on the cognitive
capacity of the information-processing system. Thus, the la-
beled arrows in Figure 1 represent the active processing re-
quired for multimedia learning.

THE CASE OF COGNITIVE OVERLOAD

Let us consider what happens in multimedia learning, that
is, a learning situation in which words and pictures are pre-
sented. A potential problem is that the processing demands
evoked by the learning task may exceed the processing ca-
pacity of the cognitive system—a situation we call cogni-
tive overload. The ever-present potential for cognitive
overload is a central challenge for instructors (including in-
structional designers) and learners (including multimedia
learners); meaningful learning often requires substantial
cognitive processing using a cognitive system that has se-
vere limits on cognitive processing.

We distinguish among three kinds of cognitive demands:
essential processing, incidental processing, and representa-
tional holding.3 Essential processing refers to cognitive pro-
cesses that are required for making sense of the presented
material, such as the five core processes in the cognitive the-
ory of multimedia learning—selecting words, selecting im-
ages, organizing words, organizing images, and integrating.
For example, in a narrated animation presented at a fast pace
and consisting of unfamiliar material, essential processing in-
volves using a great deal of cognitive capacity in selecting,
organizing, and integrating the words and the images.

Incidental processing refers to cognitive processes that are
not required for making sense of the presented material but
are primed by the design of the learning task. For example,
adding background music to a narrated animation may in-
crease the amount of incidental processing to the extent that
the learner devotes some cognitive capacity to processing the
music.

Representational holding refers to cognitive processes
aimed at holding a mental representation in working memory
over a period of time. For example, suppose that an illustra-
tion is presented in one window and a verbal description of it
is presented in another window, but only one window can ap-

pear on the screen at one time. In this case, the learner must
hold a representation of the illustration in working memory
while reading the verbal description or must hold a represen-
tation of the verbal information in working memory while
viewing the illustration.

Table 2 summarizes the three kinds of cognitive-process-
ing demands in multimedia learning. The total processing in-
tended for learning consists of essential processing plus
incidental processing plus representational holding. Cogni-
tive overload occurs when the total intended processing ex-
ceeds the learner’s cognitive capacity.4 Reducing cognitive
load can involve redistributing essential processing, reducing
incidental processing, or reducing representational holding.

In the following sections, we explore nine ways to reduce
cognitive load in multimedia learning. We describe five dif-
ferent scenarios involving cognitive overload in multimedia
learning. For each overload scenario we offer one or two sug-
gestions regarding how to reduce cognitive overload based on
thecognitive theoryofmultimedia learning,andwereviewthe
effectiveness of our suggestions based on a 12-year program
of research carried out at the University of California, Santa
Barbara (UCSB). Our recommendations for reducing cogni-
tive load in multimedia learning are summarized in Table 3.

Type 1 Overload: Off-Loading When One
Channel is Overloaded With Essential
Processing Demands

Problem: One channel is overloaded with essential
processing demands. Consider the following situation:
A student is interested in understanding how lightning works.
She goes to a multimedia encyclopedia and clicks on the entry
for lightning. On the screen appears a 2-min animation depict-
ing the steps in lightning formation along with concurrent
on-screen text describing the steps in lightning formation. The
on-screen text is presented at the bottom on the screen, so while
the student is reading she cannot view the animation, and while
she is viewing the animation she cannot read the text.

This situation creates what Sweller (1999) called a
split-attention effect because the learner’s visual attention is
split between viewing the animation and reading the
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3
Essential processing corresponds to the term germane load as used in the

introduction to this special issue. Incidental processing corresponds to the
term extraneous load as used in the introduction to this special issue. Finally,
representational holding is roughly equivalent to the term intrinsic load.

4
To maintain conceptual clarity, we use the term processing demands to

refer to properties of the learning materials or situation and the term process-
ing to refer to internal cognitive activity of learners.

TABLE 2
Three Kinds of Demands for Cognitive Processing in Multimedia

Learning

Type of Processing Definition

Essential processing Aimed at making sense of the presented ma-
terial including selecting, organizing, and
integrating words and selecting, organiz-
ing, and integrating images.

Incidental processing Aimed at nonessential aspects of the pre-
sented material.

Representational holding Aimed at holding verbal or visual represen-
tations in working memory.



on-screen text. This problem is represented in Figure 1 by the
arrow from picture to eyes (for the animation) and the arrow
from words to eyes (for the on-screen text); thus, the eyes re-
ceive a lot of concurrent information, but only some of that in-
formation can be selected for further processing in visual
working memory (i.e., the arrow from eyes to images can only
carry a limited amount of information).

Solution: Off-loading. One solution to this problem is
to present words as narration. In this way, the words are pro-
cessed—at least initially—in the verbal channel (indicated by
the arrow from words to ears in Figure 1), whereas the anima-
tion is processed in the visual channel (indicated by the arrow
from picture to eyes in Figure 1). The processing demands on
the visual channel are thereby reduced, so the learner is better
able to select important aspects of animation for further pro-
cessing (indicated by the arrow from eyes to image). The pro-

cessing demands on the verbal channel are also moderate, so
the learner is better able to select important aspects of the narra-
tion for further processing (indicated by the arrow from ears to
sounds). In short, the use of narrated animation represents a
method for off-loading (or reassigning) some of the processing
demands from the visual channel to the verbal channel.

In a series of six studies carried out in our laboratory at
UCSB, students performed better on tests of problem-solving
transfer when scientific explanations were presented as ani-
mation and narration rather than as animation and on-screen
text (Mayer & Moreno, 1998, Experiments 1 and 2; Moreno
& Mayer, 1999, Experiments 1 and 2; Moreno, Mayer,
Spires, & Lester, 2001, Experiments 4 and 5). The median ef-
fect size was 1.17. We refer to this result as a modality effect:
Students understand a multimedia explanation better when
the words are presented as narration rather than as on-screen
text. A similar effect was reported by Mousavi, Low, and
Sweller (1995) in a book-based multimedia environment.
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TABLE 3
Load-Reduction Methods for Five Overload Scenarios in Multimedia Instruction

Type of Overload Scenario Load-Reducing Method Description of Research Effect Effect Size

Type 1: Essential processing in visual channel > cognitive capacity of visual channel
Visual channel is overloaded by

essential processing demands.
Off-loading: Move some essential

processing from visual channel to
auditory channel.

Modality effect: Better transfer when words
are presented as narration rather than as
on-screen text.

1.17 (6)

Type 2: Essential processing (in both channels) > cognitive capacity
Both channels are overloaded by

essential processing demands.
Segmenting: Allow time between

successive bite-size segments.
Segmentation effect: Better transfer when

lesson is presented in learner-controlled
segments rather than as continuous unit.

1.36 (1)

Pretraining: Provide pretraining in
names and characteristics of com-
ponents.

Pretraining effect: Better transfer when stu-
dents know names and behaviors of sys-
tem components.

1.00 (3)

Type 3: Essential processing + incidental processing (caused by extraneous material) > cognitive capacity
One or both channels overloaded by

essential and incidental processing
(attributable to extraneous material).

Weeding: Eliminate interesting but
extraneous material to reduce pro-
cessing of extraneous material.

Coherence effect: Better transfer when ex-
traneous material is excluded.

0.90 (5)

Signaling: Provide cues for how to
process the material to reduce
processing of extraneous material.

Signaling effect: Better transfer when sig-
nals are included.

0.74 (1)

Type 4: Essential processing + incidental processing (caused by confusing presentation) > cognitive capacity
One or both channels overloaded by

essential and incidental processing
(attributable to confusing presenta-
tion of essential material).

Aligning: Place printed words near
corresponding parts of graphics to
reduce need for visual scanning.

Spatial contiguity effect: Better transfer
when printed words are placed near cor-
responding parts of graphics.

0.48 (1)

Eliminating redundancy: Avoid pre-
senting identical streams of
printed and spoken words.

Redundancy effect: Better transfer when
words are presented as narration rather
narration and on-screen text.

0.69 (3)

Type 5: Essential processing + representational holding > cognitive capacity
One or both channels overloaded by

essential processing and representa-
tional holding.

Synchronizing: Present narration
and corresponding animation si-
multaneously to minimize need to
hold representations in memory.

Temporal contiguity effect: Better transfer
when corresponding animation and nar-
ration are presented simultaneously
rather than successively.

1.30 (8)

Individualizing: Make sure learners
possess skill at holding mental
representations.

Spatial ability effect: High spatial learners
benefit more from well-designed instruc-
tion than do low spatial learners.

1.13 (2)

Note. Numbers in parentheses indicate number of experiments on which effect size was based.



The robustness of the modality effect provides strong evi-
dence for the viability of off-loading as a method of reducing
cognitive load.

Type 2 Overload: Segmenting and
Pretraining When Both Channels are
Overloaded With Essential Processing
Demands in Working Memory

Problem: Both channels are overloaded with
essential processing demands. Suppose a student
views a narrated animation that explains the process of light-
ning formation based on the strategies discussed in the previ-
ous section. In this case, some of the narration is selected to be
processed as words in the verbal channel and some of the ani-
mation is selected to be processed as images in the visual
channel (as shown by the arrows in Figure 1 labeled selecting
words and selecting images, respectively). However, if the in-
formation content is rich and the pace of presentation is fast,
learners may not have enough time to engage in the deeper
processes of organizing the words into a verbal model, orga-
nizing the images into a visual model, and integrating the
models (as shown by the organizing words, organizing im-
ages, and integrating arrows in Figure 1). By the time the
learner selects relevant words and pictures from one segment
of the presentation, the next segment begins, thereby cutting
short the time needed for deeper processing.

This situation leads to cognitive overload in which avail-
able cognitive capacity is not sufficient to meet the required
processing demands. Sweller (1999) referred to this situation
as one in which the presented material has high-intrinsic load;
that is, the material is conceptually complex. Although it
might not be possible to simplify the presented material, it is
possible to allow learners to digest intellectually one chunk of
it before moving on to the next.

Solution: Segmenting. A potential solution to this
problem is to allow some time between successive segments
of the presentation. In segmenting, the presentation is broken
down into bite-size segments. The learner is able to select
words and select images from the segment; the learner also
has time and capacity to organize and integrate the selected
words and images. Then, the learner is ready for the next seg-
ment, and so on. In contrast, when the narrated animation is
presented continuously—without time breaks between seg-
ments—the learner can select words and select images from
the first segment; but, before the learner is able to complete
the additional processes of organizing and integration, the
next segment is presented, which demands the learner’s atten-
tion for selecting words and images.

For example, Mayer and Chandler (2001, Experiment 2)
broke a narrated animation explaining lightning formation
into 16 segments. Each segment contained one or two sen-

tences of narration and approximately 8 to 10 sec of anima-
tion. After each segment was presented, the learner could
start the next segment by clicking on a button labeled CON-
TINUE. Although students in both groups received identical
material, the segmented group had more study time. Students
who received the segmented presentation performed better on
subsequent tests of problem-solving transfer than did stu-
dents who received a continuous presentation. The effect size
in the one study we conducted was 1.36. We refer to this as a
segmentation effect: Students understand a multimedia ex-
planation better when it is presented in learner-controlled
segments rather than as a continuous presentation. Further re-
search is needed to determine the separate effects of segment-
ing and interactivity, such as comparing how students learn
from multimedia presentations that contain built-in or
user-controlled breaks after each segment.

Solution: Pretraining. Although segmenting appears
to be a promising technique for reducing cognitive load,
sometimes segmenting might not be feasible. An alternative
technique for reducing cognitive load when both channels are
overloaded with essential processing demands is pretraining,
in which learners receive prior instruction concerning the
components in the to-be-learned system. Constructing a men-
tal model involves two steps—building component models
(i.e., representations of how each component works) and
building a causal model (i.e., a representation of how a
change in one part of the system causes a change in another
part, etc.). In processing a narrated animation explaining how
a car’s braking system works, learners must simultaneously
build component models (concerning how a piston can move
forward and back, how a brake shoe can move forward or
back, etc.) and a causal model (when the piston moves for-
ward, brake fluid is compressed, etc.). By providing
pretraining about the components, learners can more effec-
tively process a narrated animation—devoting their cognitive
processing to building a causal model. Without pretraining,
students must try to understand each component and the
causal links between them—a task that can easily overload
working memory.

In a series of three studies involving narrated animations
about how brakes work and how pumps work, students per-
formed better on problem-solving transfer tests when the nar-
rated animation was preceded by a short pretraining about the
names and behavior of the components (Mayer, Mathias, &
Wetzell, 2002, Experiments 1, 2, and 3). The median effect
size comparing the pretrained and nonpretrained groups was
1.00. Similar results were reported by Pollock, Chandler, and
Sweller (2002). We refer to this result as a pretraining effect:
Students understand a multimedia presentation better when
they know the names and behaviors of the components in the
system. Pretraining involves a specific sequencing strategy in
which components are presented before a causal system is
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presented. The results provide support for pretraining as a
useful method of reducing cognitive load.

Type 3 Overload: Weeding and Signaling
When the System is Overloaded by
Incidental Processing Demands Due to
Extraneous Material

Problem: One or both channels are overloaded by
the combination of essential and incidental processing
demands. In the two foregoing scenarios, the cognitive
system was required to engage in too much essential process-
ing—such as when complex material is presented at a fast
rate. Let us consider a somewhat different overload scenario
in which a learner seeks to engage in both essential and inci-
dental processing, which together exceed the learner’s avail-
able cognitive capacity. For example, suppose a learner clicks
on the entry for lightning in a multimedia encyclopedia, and
he or she receives a narrated animation describing the steps in
lightning formation (which requires essential processing)
along with background music or inserted narrated video clips
of damage caused by lightning (which requires incidental
processing).

According to the cognitive theory of multimedia learning,
adding interesting but extraneous5 material to a narrated ani-
mation may cause the learner to use limited cognitive re-
sources on incidental processing, leaving less cognitive
capacity for essential processing. As a result, the learner will
be less likely to engage in the cognitive processes required for
meaningful learning of how lightning works—indicated by
the arrows in Figure 1. Sweller (1999) referred to the addition
of extraneous material in an instructional presentation as an
example of extraneous load.

Solution: Weeding. To solve this problem, we suggest
eliminating interesting but extraneous material—a load-re-
ducing technique can be called weeding. Weeding involves
making the narrated animation as concise and coherent as
possible, so the learner will not be primed to engage in inci-
dental processing. In a concise narrated animation, the learner
is primed to engage in essential processing. In contrast, in an
embellished narrated animation—such as one containing
background music or inserted narrated video of lightning
damage—the learner is primed to engage in both essential
and incidental processing.

In a series of five studies carried out in our laboratory at
UCSB, students performed better on problem-solving trans-
fer tests after receiving a concise narrated animation than an
embellished narrated animation (Mayer, Heiser, & Lonn,

2001, Experiments 1, 3, and 4; Moreno & Mayer, 2000, Ex-
periments 1 and 2). The added material in the embellished
narrated animation consisted of background music or add-
ing short narrated video clips showing irrelevant material.
The median effect size was .90. We refer to this result as a
coherence effect: Students understand a multimedia expla-
nation better when interesting but extraneous material is ex-
cluded rather than included. The robustness of the
coherence effect provides strong evidence for the viability
of weeding as a method for reducing cognitive load.
Weeding seems to help facilitate the process of selecting rel-
evant information.

Solution: Signaling. When it is not feasible to remove
all the embellishments in a multimedia lesson, cognitive load
can be reduced by providing cues to the learner about how to
select and organize the material—a technique called signaling
(Lorch, 1989; Meyer, 1975). For example, Mautone and
Mayer (2001) constructed a 4-min narrated animation explain-
ing how airplanes achieve lift, which contained many extrane-
ous facts and somewhat confusing graphics. Thus, the learner
might engage in lots of incidental processing—by focusing on
nonessential facts or nonessential aspects of the graphics. A
signaled version guided the learner’s cognitive processes of (a)
selecting words by stressing key words in speech, (b) selecting
images by adding red and blue arrows to the animation, (c) or-
ganizing words by adding an outline and headings, and (d) or-
ganizing images by adding a map showing which of three parts
of the lesson was being presented. In the one study we con-
ducted on signaling of a multimedia presentation (Mautone &
Mayer, 2001, Experiment 3), students who received the sig-
naled version of the narrated animation performed better on a
subsequent test of problem-solving transfer than did students
who received the unsignaled version. The effect size was .74.
We refer to this result as a signaling effect: Students understand
a multimedia presentation better when it contains signals con-
cerning how to process the material. Although there is a sub-
stantial amount of research literature on signaling of text in
printed passages (Lorch, 1989), Mautone and Mayer’s study
offers the first examination of signaling for narrated anima-
tions. Signaling seems to help in the process of selecting and
organizing relevant information.

Type 4 Overload: Aligning and Eliminating
Redundancy When the System is
Overloaded by Incidental Processing
Demands Attributable to How the Essential
Material is Presented

Problem: One or both channels are overloaded by
the combination of essential and incidental processing
demands. The problem is the same in Type 3 and Type 4
overload—the learning task requires incidental process-
ing—but the cause of the problem is different. In Type 3 over-
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Extraneous material may be related to the topic but does not directly sup-

port the educational goal of the presentation.



load the source of the incidental processing is that extraneous
material is included in the presentation, but in Type 4 over-
load the source of the incidental processing is that the essen-
tial material is presented in a confusing way. For example,
Type 4 overload occurs when on-screen text is placed at the
bottom of the screen and the corresponding graphics are
placed toward the top of the screen.

Solution: Aligning words and pictures. In Type 3
overload scenarios, incidental cognitive load was created by
adding extraneous material. Another way to create incidental
cognitive load is to misalign words and pictures on the screen,
such as presenting an animation in one window with concur-
rent on-screen text in another window elsewhere on the
screen. In this case—which we call a separated presenta-
tion—the learner must engage in a great deal of scanning to
figure out which part of the animation corresponds with the
words—creating what we call incidental processing. In
eye-movement studies, Hegarty and Just (1989) showed that
learners tend to read a portion of text and then look at the cor-
responding portion of the graphic. When the words are far
from the corresponding portion of the graphic, the learner is
required to use limited cognitive resources to visually scan
the graphic in search of the corresponding part of the picture.
The amount of incidental processing can be reduced by plac-
ing the text within the graphic, next to the elements it is de-
scribing. This form of presentation—which we call inte-
grated presentation—allows the learner to devote more
cognitive capacity to essential processing.

Consistent with this analysis, Moreno and Mayer (1999,
Experiment 1) found that students who learned from inte-
grated presentations (consisting of animation with integrated
on-screen text) performed better on a problem-solving trans-
fer test than did students who learned from separated presen-
tations (consisting of animation with separated on-screen
text). The effect size in this single study was .48. Similar ef-
fects have been found with text and illustrations in books
(Mayer, 2001). We refer to this result as a spatial contiguity
effect: Students understand a multimedia presentation better
when printed words are placed near rather than far from corre-
sponding portions of the animation. Thus, spatial alignment
of words and pictures appears to be a valuable technique for
reducing cognitive load. As you can see, aligning is similar to
signaling in that it guides cognitive processing, eliminating
the need for incidental processing. Aligning differs from sig-
naling in that aligning applies to situations in which essential
words and pictures are separated and signaling applies to situ-
ations in which extraneous material is placed within the mul-
timedia presentation.

Solution: Eliminating redundancy. Another example
of Type 4 overload occurs when a multimedia presentation
consists of simultaneous animation, narration, and on-screen

text. In this situation—which we call redundant presenta-
tion—the words are presented both as narration and simulta-
neously as on-screen text. However, the learner may devote
cognitive capacity to processing the on-screen text and recon-
ciling it with the narration—thus, priming incidental process-
ing that reduces the capacity to engage in essential processing.
In contrast, when the multimedia presentation consists of nar-
rated animation—which we call nonredundant presenta-
tion—the learner is not primed to engage in incidental process-
ing. In a series of three studies (Mayer et al., 2001, Experiments
1 and 2; Moreno & Mayer, 2002, Experiment 2) students who
learned from nonredundant presentations performed better on
problem-solving transfer tests than did students who learned from
redundant presentations. The median effect size was .69, indicat-
ing that eliminating redundancy is a useful way to reduce cogni-
tive load. We refer to this result as a redundancy effect: Students
understand a multimedia presentation better when words are pre-
sented as narration rather than as narration and on-screen text. We
use the term redundancy effect in a more restricted sense than
Sweller (1999; Kalyuga, Ayres, Chandler, & Sweller, 2003). As
you can see, eliminating redundancy is similar to weeding in that
both involve cutting aspects of the multimedia presentation. They
differ in that weeding involves cutting interesting but irrelevant
material, whereas eliminating redundancy involves cutting an un-
needed duplication of essential material.

When no animation is presented, students learn better
from a presentation of concurrent narration and on-screen
text (i.e., verbal redundancy) than from a narration-only pre-
sentation (Moreno & Mayer, 2002, Experiments 1 and 3). An
explanation for this effect is that adding on-screen text does
not overload the visual channel because it does not have to
compete with the animation.

Type 5 Overload: Synchronizing and
Individualizing When the System is
Overloaded by the Need to Hold
Information in Working Memory

Problem: One or both channels are overloaded by
the combination of essential processing and
representational holding. In the foregoing two sections,
cognitive overload occurred when the learner attempted to
engage in essential and incidental processing, and the solu-
tion was to reduce incidental processing through weeding and
signaling (when extraneous material was included), or
through aligning words and pictures or reducing redundancy
(when the same essential material was presented in printed
and spoken formats). In the fifth and final overload scenario,
cognitive overload occurs when the learner attempts to en-
gage in both essential processing (i.e., selecting, organizing,
and integrating material that explains how the system works)
and representational holding (i.e., holding visual and/or ver-
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bal representations in working memory during the learning
episode).

For example, consider a situation in which a learner clicks
on the lightning entry in a multimedia encyclopedia. First, a
short narration is presented describing the steps in lightning
formation; next, a short animation is presented depicting the
steps in lightning formation. According to a cognitive theory
of multimedia learning, this successive presentation can in-
crease cognitive load because the learner must hold the verbal
representation in working memory while the corresponding
animation is being presented. In this situation, cognitive ca-
pacity must be used to hold a representation in working mem-
ory, thus depleting the learner’s capacity for engaging in the
cognitive processes of selecting, organizing, and integrating.

Solution: Synchronizing. A straightforward solution
to the problem is to synchronize the presentation of corre-
sponding visual and auditory material. When presentation of
corresponding visual and auditory material is simultaneous,
there is no need to hold one representation in working mem-
ory until the other is presented. This situation minimizes cog-
nitive load. In contrast, when the presentation of correspond-
ing visual and auditory material is successive, there is a need
to hold one representation in one channel’s working memory
until the corresponding material is presented in the other
channel. The additional cognitive capacity used to hold the
representation in working memory can contribute to cogni-
tive overload.

For example, in a series of eight studies carried out in our
laboratory at UCSB (Mayer & Anderson, 1991, Experiments
1 and 2a; Mayer & Anderson, 1992, Experiments 1 and 2;
Mayer, Moreno, Boire, & Vagge, 1999, Experiments 1 and 2;
Mayer & Sims, 1994, Experiments 1 and 2), students per-
formed better on tests of problem-solving transfer when they
learned from simultaneous presentations (i.e., presenting cor-
responding animation and narration at the same time) than
from successive presentations (i.e., presenting the complete
animation before or after the complete narration). The median
effect size was 1.30, indicating robust evidence for synchro-
nizing as a technique for reducing cognitive load. We refer to
this result as a temporal contiguity effect: Students understand
a multimedia presentation better when animation and narra-
tion are presented simultaneously rather than successively.

Note that the temporal contiguity effect is eliminated
when the successive presentation is broken down into
bite-size segments that alternate between a few seconds of
narration and a few seconds of corresponding animation
(Mayer et al., 1999, Experiments 1 and 2; Moreno & Mayer,
2002, Experiment 2). In this situation, working memory is not
likely to become overloaded because only a small amount of
material is subject to representational holding.

Solution: Individualizing. When synchronization may
not be possible, an alternative technique for reducing cogni-
tive load is to be sure that the learners possess skill in holding

mental representations in memory.6 For example, high-spa-
tial ability involves the ability to hold and manipulate mental
images with a minimum of mental effort. Low-spatial learn-
ers may not be able to take advantage of simultaneous presen-
tation because they must devote so much cognitive process-
ing to hold mental images. In contrast, high-spatial learners
are more likely to benefit from simultaneous presentation by
being able to carry out the essential cognitive processes re-
quired for meaningful learning. Consistent with this predic-
tion, Mayer and Sims (1994, Experiments 1 and 2) found that
high-spatial learners performed much better on prob-
lem-solving transfer tests from simultaneous presentation
than from successive presentation, whereas low-spatial learn-
ers performed at the same low level for both. Across two ex-
periments involving a narrated animation on how the human
respiratory system works, the median effect size was 1.13.
We refer to this interaction as the spatial ability effect, and we
note that individualization—matching high-quality multime-
dia design with high-spatial learners—may be a useful tech-
nique for reducing cognitive load.

CONCLUSION

Meeting the Challenge of Designing
Instruction That Reduces Cognitive Load

A major challenge for instructional designers is that meaning-
ful learning can require a heavy amount of essential cognitive
processing, but the cognitive resources of the learner’s infor-
mation processing system are severely limited. Therefore,
multimedia instruction should be designed in ways that mini-
mize any unnecessary cognitive load. In this article we sum-
marized nine ways to reduce cognitive load, with each
load-reduction method keyed to an overload scenario.

Our research program—conducted at UCSB over the last
12 years—convinces us that effective instructional design de-
pends on sensitivity to cognitive load which, in turn, depends
on an understanding of how the human mind works. In this ar-
ticle, we shared the fruits of 12 years of programmatic re-
search at UCSB and related research, aimed at contributing to
cognitive theory (i.e., understanding the nature of multimedia
learning) and building an empirical database (i.e., re-
search-based principles of multimedia design).

Theory. We began with a cognitive theory of multime-
dia learning based on three core principles from cognitive sci-
ence, which we labeled as dual channel, limited capacity, and
active processing (shown in Table 1). Based on the cognitive
theory of multimedia learning (shown in Figure 1), we de-
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rived predictions concerning various methods for reducing
cognitive load. In conducting dozens of controlled experi-
ments to test these predictions, we were able to refine the the-
ory and offer substantial empirical support. Thus, the seem-
ingly practical search for load-reducing methods of
multimedia instruction has contributed to theoretical ad-
vances in cognitive science—a well-supported theory of how
people learn from words and pictures. Overall, our approach
has been based on the idea that the best way to improve in-
struction is to begin with a research-based understanding of
how people learn.

Database. Our search for theory-based principles of
instructional design led us to conduct dozens of well-con-
trolled experiments—thereby producing a substantial re-
search base (summarized in Table 3). For each of our recom-
mendations for how to reduce cognitive load, we see the
need to conduct multiple experiments. In some cases when
we report only a single preliminary study (i.e., segmenting,
signaling, and aligning) more empirical research is needed.
Clear and replicated effects are the building blocks of both
theory and practice. Overall, our approach has been based
on the idea that the best way to understand how people learn
is to test theory-based predictions in the context of student
learning scenarios.

Future directions. Additional research is needed on
the measurement of cognitive load (cf. Brüncken, Plass, &
Leutner, 2003; Paas, Tuovinen, Tabbers, & Van Gerven,
2003). In particular, we need ways to gauge (a) cognitive load
experienced by learners, (b) the cognitive demands of instruc-
tional materials, and (c) the cognitive resources available to
individual learners. Although we hypothesize that our nine
recommendations reduce cognitive load, it would be useful to
have direct measures of cognitive load.

In our research, concise narrated animation fostered mean-
ingful learning without creating cognitive overload. How-
ever, additional research is needed to examine situations in
which certain kinds of animation can overload the learner
(Schnotz, Boeckheler, & Grzondziel, 1999) and to determine
the role of individual differences in visual and verbal learning
styles in influencing cognitive overload (Plass, Chun, Mayer,
& Leutner, 1998; Riding, 2001). In addition, it would be
worthwhile to examine whether the principles of multimedia
learning apply to the design of online courses that require
many hours of participation, to problem-based simulation
games, and to multimedia instruction that includes on-screen
pedagogical agents (Clark & Mayer, 2003).

In short, our program of research convinces us that the
search for load-reducing methods of instruction contributes
to cognitive theory and educational practice. Research on
multimedia learning promises to continue to be an exciting
venue for educational psychology.
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Abstract

The premise of this paper is that the effectiveness of web in contributing to learning will be a function of
web-model alignment and the appropriateness of the model to a particular learning situation. We begin
with a discussion of the most commonly advocated models of learning. Then we review the research evi-
dence on learner control in a web-based teaching environment and the conditions under which it can most
effectively facilitate rather than impede learning. Future research directions are discussed as well. # 2001
Elsevier Science Ltd. All rights reserved.

1. Introduction

An emerging trend in education worldwide is a movement of the focus from that of teaching to
that of learning (Ramsden, 1992; Bates, 1995). Examples of this trend are evident in many ways.
For example, the move in contemporary learning theories away from instructivist paradigms to
those which more readily describe and explain learning (Jonassen, 1993). Increasingly, we are
facing a move from content centered curricula to outcomes based modes of curriculum design
and with these moves has come an increased use of the Internet as an aid to learning and the
development and increased use of learner centered learning environments (Oliver & Omari, 1999).
Institutional leaders are emphasizing learning and learner-centeredness while instructors are
becoming aware of the possibility of changing how they teach and how their students learn (Gil-
bert, 2000). Traditional instructor-led learning, however, will not disappear. There are situations
in which classroom learning—human, face-to-face interaction—is preferable.
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The Internet requires us to ask fundamental questions about education such as: How do we
customerize learning to the individual? Web-based teaching offers a better opportunity to provide
more individualized instruction, with immediate and direct feedback on performance, than can be
offered by a conventional teaching (Khan, 1997). The Internet in particular can give to the lear-
ner, through its arrangement of nodes and links, the means to access information flexibly and
individually. The learner can control the learning strategy, choosing what to view, how long to
view how many times to view.
One major feature of web-based teaching is the possibility it offers to pass control of learning

sequences from the program designer to the learner (El-Tigi & Branch, 1997). It is for the learner
to follow or renounce the many possible paths which typically are available for the user to select
as a session progresses. Such flexibility in information access and exploration traditionally has
been by information scientists as an important quality in an information system. In an instruc-
tional environment, however, learner control can raise problems as well as incur benefits. Part of
the challenge web-based courses pose is that so much of what happens in them is dependent on
the self-motivation of students.
For pedagogical reasons, the effective design of flexible learning environments within a tech-

nologically rich medium is hampered without an understanding of the attitudes, needs, and
characteristics of its learners (Smith, 1997). Consequently, course design may become technology
driven rather than allowing technology to serve as a resource in support of student needs (Trapp,
Hammond, & Bray, 1996).
The premise of this paper is that the effectiveness of the web in contributing to learning will be a

function of web-model alignment and the appropriateness of the model to a particular learning
situation. We begin with a discussion of the most commonly advocated models of learning. Then
we review the research evidence on learner control in a web-based teaching environment and the
conditions under which it can most effectively facilitate rather than impede learning. Finally,
future research directions are discussed as well.

2. Learning models and their assumptions

The use of the Internet in an educational setting will reflect, either purposely or inadvertently,
some model of learning. The following review of learning models is not exhaustive; rather, it
seeks to highlight major differences among the more widely accepted models of learning in terms
of their assumptions, goals, and instructional implications.
Learning models can be classified as behavioral or cognitive. Objectivism, also referred to as the

traditional model of learning, is the behavioral model of learning and represents a traditional view of
learning. The primary competing cognitive model is constructivism. The constructive model has a
number of derivations including collaborativism and cognitive information processing. The socio-
culturalismmodel shares some assumptions and goals with constructivism, but challenges some others.

2.1. Objectivist learning model

The objectivist model of learning is based on Skinner’s stimulus-response theory: learning is a
change in the behavioral disposition of an organism (Jonassen, 1993) that can be shaped by
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selective reinforcement. The tenet of the model is that there is an objective reality and that the
goal of learning is to understand this reality and modify behavior accordingly.
In terms of instruction, the objectivist model assumes that the goal of teaching is to efficiently

transmit knowledge from the expert to the learner. Instructions structure reality into abstract or
generalized representations that can be transferred and then recalled by students (Yarusso, 1992).

2.2. Constructivist learning model

Constructivism denies the existence of an external reality independent of each individual’s
mind. Rather than transmitted, knowledge is created, or constructed, by each learner. The mind
is not a tool for reproducing the external reality, but rather the mind produces its own, unique
conception of events (Jonassen, 1993).
Constructivist model calls for learner-centered instruction: individuals are assumed to learn

better when they are forced to discover things themselves rather than when they are instructed.
The learner must have experience with hypothesizing and predicting, manipulating objects, pos-
ing questions, researching answer, imaging, investigating, in order for knowledge construction to
occur (O’Loughlin,1992).

2.3. Cooperative learning model

Whereas in constructivism learning is assumed to occur as an individual interacts with objects,
in collaborativism, learning emerges through interaction of individuals with other individuals
(Slavin, 1990). Learning occurs as individuals exercise, verify, solidify, and improve their mental
models through discussion and information sharing. Whereas instructor-led communication is
inherently linear, collaborative groups allo more branching and concentricity (Flynn, 1992).
In addition to sharing the pedagogical assumptions of constructivism, collaboratists also

assume that knowledge is created as it is shared, and the more it is shared, the more is learned.
The second pedagogical assumption is that learners have prior knowledge they can contribute to
the discussion. The third assumption is that participation is critical to learning. The fourth
assumption is that learners will participate if given optimal conditions such as small groups to
work interactively.

2.4. Cognitive information processing model

The cognitive information processing model argues that learning involves processing instruc-
tional input to develop, test, and refine mental models in long-term memory until they are effec-
tive and reliable enough in problem-solving situations (Schuell, 1986). The frequency and
intensity with which a student cognitively processes instructional input controls the pace of
learning. Instructional inputs that are unnoticed, or unprocessed, by learners cannot have any
impact on mental models (Brunning, 1983)
The cognitive information processing model assumes that learners differ in terms of their pre-

ferred learning style. Instructional methods that match an individual’s learning style will be the
most effective (Bovy, 1981). The second assumption is that individual’s prior knowledge is
represented by a mental model in memory and that the mental model is an important determinant
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of how effectively the learner will process new information. The third assumption is that given a
learner’s limited information processing capacity, attention is selective (Bovy, 1981). Selective
attention is an interrelated function of the display, the cognitive structure of the learner, the prior
experience of the learner. Preinstructional methods such as topic outlines and learning goals
might improve learning because they direct attention (Brunning, 1983). Biggs (1993) has shown
that students who consider learning as better understanding reality are more likely to adopt a
deeper approach.

2.5. Sociocultural learning model

Whereas collaborativism and the cognitive information processing model are extension of
constructivism, the sociocultural model is both an extension of and a reaction against some
assumptions of constructivism. In fact, the sociocultural model embrace the concept that there is
no one external reality, they argue that constructivism and collaborativism force the minority
cultural into adopting the understanding derived by the majority.
The major assumption of socioculturalism is that middle-class Anglo male America has pre-

vented a genuinely emanicipatory environment in which students begin to construct meaning on
their own terms and in their own interests (O’Loughlin, 1992). One major implication of the
sociocultural model is that students should participate on their own terms. Instruction should not
deliver a single interpretation of reality nor a culturally biased interpretation of reality.

2.6. Computational model

The computational model states that beliefs, desires, and other intentions are stored in our
minds as information, as bits and bytes of data (Pinker, 1997). Information and computation
reside in patterns of data and in relationships of logic that are independent of the physical med-
ium that carries them. Not only knowledge, but also beliefs and skills are bits of information that
become meaningful when they are organized, collated, and chucked into symbols, patterns, and
relationships.
The fundamental assumption of the computational model is that learning is an interplay, a

dialogue among facts, concepts, and principles, among bits and bytes and patterns. Learning is
the process of finding receptor nodes for bits of new information and then exercising the thinking
that can arrange and structure that information. One way to support this learning process is to
provide a variety of steps on the Internet.

3. Web-based teaching and instructional programs

Web-based teaching has caught the attention of instructional designers, particularly because of
the flexibility it offers learns. Learners can usually follow links through the materials which have
been suggested by the instructors in accordance with their own perceived needs and desires. This
flexibility allows learners to play an active role in their own learning. Good educational software
is active, not passive; learners have to be doing something, not watching something (Schank,
1993). The wealth of the web provides an experiential space for learners to follow their own

380 B. Lin, C. Hsieh /Computers & Education 37 (2001) 377–386



thoughts and insights. The web also provides access to experts and cases that can provide virtual
hands-on experiences (Boettcher, 2000).
The Internet offers education a window of opportunity to augment the traditional methods,

materials and strategies of learning and teaching. A recent survey result revealed that students are
enthusiastic about using the Internet to help them in the classroom; they recognize its importance
and usefulness as an educational tool, and are willing to face the challenges of cyberspace (Hsieh
& Lin, 1998).
Early computer-based programmed instruction method tended to be based on behavioral rather

than cognitive theories (Hannafin& Rieber, 1989). Computer-based instruction typically included
such behaviorist techniques as small lesson units, controlled sequencing, immediate feedback and
prompting. A powerful feature of browser/server activity on the Internet is the ability to monitor
student’s online course activity (Svanum, Chen, & Bublitz, 1997). This feature can provide the
basis for assessing cyberstudent involvement in the virtual classroom.
On the other hand, cognitive researchers view each individual student as paramount in med-

iating learning. Instructional sequence decisions and options are intended to adapt the sequences
to individual student differences. The student becomes the focus of the learner-instruction trans-
action rather than the instructional materials per se.
Various motivational theories also emphasize the importance of learner control. Control gives

individuals the possibility to make choices and to affect outcomes, resulting in the student feeling
more competent and the activity having greater personal meaning and intrinsic interest (Lepper,
1985). Merrill (1975) asserted that students need to be given control of learning since they can
then learn better how to learn. In other words, students make the instructional decisions and in so
doing discover the best tactics for different situations. Serendipitous learning can occur, enabling
students to pursue new ideas and make new connections between pieces of information (Sta-
ninger, 1994). Jonassen (1988) relates hypertext structures to such cognitive conceptions of
learning.
Leidner and Jarvenpaa (1995) identified two major learning models available. The first is the

objectivist learning model, which promotes instructor-centered instruction. The second, the con-
structivist learning model, suggests a learner-centered approach.
Originally, web-based teaching simply duplicated the objectivist techniques found in the tradi-

tional classroom, resulting in disappointing talking-head programs. In these objectivist programs,
the emphasis centered on the instructor, and the learners became isolated, passive observers.
Fraser (1996) complained that early online teaching used the technology simply to automate the
instructional process, creating bulleted text screens supplemented by a few gratuitous images and
fancy, pointless screen transitions. As a result, such programs detracted learners and lowered
cognitive achievement.
The constructivist learning model calls for a learner-centered approach. The model assumes

learners learn better if they discover things for themselves, rather than being told by an instructor
or machine. Early studies indicated that these constructivist learning models improved the effi-
ciency and effectiveness of distance education significantly (Payne & Stoddard, 1994). Learners
take more responsibility for their own learning and communicate with their peers to find infor-
mation beyond textbooks and chalkboards (Barler & Dickson, 1996).
These conflicting instructional strategies may confuse learners’ instructors to develop web-

based courses. Leidner and Jarvenpaa (1995) suggest that no particular model is the best
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approach. Instead, they suggest that mixing learning approaches will be appropriate depending
upon the course, content, educational goals, and learners’ experience. Maturity, and intelligence.
An example of this mix is the web-based learning site developed by FisherChemical using Vue-
point’s Learning Performance System (LPS) software (www.vuepoint.com). After learners log on
the site, they can choose between My Way, Learn, Research, or Communicate.

4. Program control and learner control

In the broadest sense, learner control is the degree to which a learner can direct his/her own
learning experience (Shyu & Brown, 1992). More specifically, learner control can be defined as the
degree to which individuals control the path, pace, and/or contingencies of instruction (Hannafin,
1984). The meaning of learner control, however, has evolved over time to include the character-
istics of new learning paradigms as well as new technologies such as a web-model.
Traditional instructional materials, such as textbooks, typically expect the student to follow a

linear sequences to other sections that are subject-related to the section currently under study.
Web-based instruction systems permit more flexibility in lesson study. The student can follow a
more individualized route by exploiting such features as feedback on exercise performance, the
capability to repeat or skip sections, and the possibility to follow subject-related themes regard-
less of the order in which information has been physically arranged.
In most web learning applications, learners will be able to perform a range of actions to access

the information available, ranging from a simple linear sequence to a complex network of
hypertext or hypermedia links. One of the main things to avoid with hyperlink options is the
possibility of losing the learner’s sense of direction. The extent to which the learner can move via
links to access information will depend on the instructional strategies and designs built into the
learning application.
Web-based instruction systems offer non-sequential control along a continuum. At one end of

the continuum is program control, where students perform according to externally specified cri-
teria and follow prescribed lesson sequences. At the other end of the continuum is learner control,
the term used to describe a design feature that allows individual learners to make various
instructional decisions about lesson activities and procedures while interacting with the lesson
and based on individually perceived needs (Hannafin & Colamaio, 1987). Learner control is
intuitively appearing because it is assumed that students will be more motivated if allowed to
control their own learning (Steinberg, 1989).
In the web-based teaching environment, with emphasis on node linkages, learner control is a

central feature. For example, hypertext authoring software, designed primarily for information
retrieval, offers high levels of learner control. The effectiveness of learner versus program control
is therefore significant for any assessment of web-based teaching. Park (1991) argued that the use
of hypertext for instruction is intimately related to the issue of learner control.
Web-based teaching can empower individual learners by handing them control over the learn-

ing experience. It is no longer necessary to establish a fixed learning sequence for everyone; indi-
vidual learners can make their own decisions to meet their own needs at their own pace and in
accordance with their existing knowledge and learning goals. These are advantages to be valued
in an educational environment.
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Web-based learning provide additional materials for the learners which may be accessed as
required. This may be more related to support systems, navigation, problem solving and inter-
action rather than learner control specifically. The range of support can be embedded in such a
way that it supports both the novice and experienced learners. This option for learner control is
also linked to advisement, whereby the learner receives feedback as to performance and appro-
priate paths to follow (Clariana, 1993) as well as choosing a particular degree of difficulty and
choosing the amount of problems practicing required.
It might be expected to alleviate boredom, frustration and anxiety because students can skip

materials they already know or do not wish to learn, and concentrate on the material they deem
relevant. Learner control might be expected to hold attention longer, involve students more deeply
and even give them a greater insight into the material. Schank (1993) argues that no computer
should be allowed to be in control of the educational process; i.e. students should have the power
to decide what is coming next. In other words, the learner must determine what paths to follow,
when to backtrack or jump ahead, when to follow an interesting side trail and when to avoid the
distractions of tangential dead-ends. As a result, the cognitive demands upon the learner are increased.
This can interfere with memory of previously learned information through a process termed retro-
spective interference (Freitag & Sullivan, 1995). Lin (1989) suggested that some advanced information
technology could offer a greater advantage to those sensing learners, while some advanced
information technology could permit those intuition learners to discover underlying principles.
Hannafin (1984) concluded from a review of the relevant research that learner control com-

pared with program control is likely to be most successful when the following conditions are met:

1. the learners are older;
2. the learners are more able;
3. the educational objective is to impart a higher order of skills rather than factual information;
4. the content is familiar;
5. advice is provided to assist learners in making decisions.

5. Conclusion and future research challenges

The research evidence gleaned from studies of web-based teaching, whether employing hyper-
text or some other organizational structure, suggests that learner control must be approached
more cautiously. While some students may gain educational benefit from this freedom, others
may suffer as a consequence of being handed such control over their learning. The initial phase of
learner control in web-based learning needs to be analyzed and evaluated with great care. In fact,
what is most needed is a way of thinking about the web that incorporates its specific properties
into a new model of learning.
The research results used to attempt to measure the effectiveness of one or another information

technology must be treated with a certain degree of caution (Clark, 1983). Problems can arise
from interference by non-controlled variables, experimental constraints that may not apply in the
classroom, small sample sizes, and so on. Nevertheless, the large measure of research consensus
on learner control does suggest that designers should exercise caution in handling over too much
control to the learner.
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The web-based learning environment places more responsibility on the learner than ever before.
The principles of self-instruction and empowerment require the learner to develop self under-
standing that will allow for the most effective use of the resources, rather than junking out on the
Net—more than just surfing but building the waves.
Because research on web-based teaching is relatively new, numerous challenges remain in the

are of improvements to business education, many of which require effort from IT researchers
interested in educational environments. Several areas in need of research present themselves and
are briefly discussed below.

5.1. Research is needed on interaction between learning styles and course content

It seems quite possible that the interaction between learning styles and course content founded
in the conventional classroom setting (Ehrman, 1990) may differ in the virtual classroom envir-
onment. It also seems quite possible that the interaction between learning styles and course con-
tent founded in the program control setting may differ in the learner control environment. As
many instructors move beyond the recognition that they have instructional options, they recog-
nize that they have a pedagogical responsibility (Gilbert, 2000) to understand what direction
might be possible and to make choices that will enable their students to learn more effectively.

5.2. Research is needed on the roles of instructors and learners in virtual classroom

McQuillan’s (1994) extensive ethnographic study clearly supports the notion that most benefits
of introducing technology are related to the changes in teachers’ conceptions and the con-
sequential changes to instructional strategy rather than the introduced technology itself. In the
virtual learning environment, the instructor is likely to provide visions for directions, orients the
chaotic situation that results from multiple individuals simultaneously creating and sharing
knowledge, and sets the deadline by which the visions will be realized (Leidner & Jarvenpaa,
1995). Teaching in a web-based environment requires preparation of materials in advance,
detailed attention to learners’ questions, facilitating peer-to-peer interaction and continuous
guiding of learners.
The way learners acquire knowledge in a web-based setting has not been extensively studied.

Most current use of web-based teaching transfers traditional classroom/lecture-based methods to
the online setting, recasting reading into web-based materials, lectures into online lecture notes or
video clips and discussion into online conferencing (Bourne McMaster, Rieger, & Campbell,
1997). While these approaches are effective in permitting time and place shifting of learning, there
has been little investigation of the are of the possible in the web-based teaching settings—what
are the ways to optimize learning? Moreover, learners are likely to resist the new learning models
as much as the instructors. In the virtual learning settings, learners are as much responsible for
the quality and amount of learning as the instructor.
In a recent study of web-based teaching, Oliver and Omari (1999) reported that the students

frequently indicated that they valued the input of the teacher and saw this component as a valu-
able part of teaching and learning. They suggest the need to remember the important role of the
teacher in any learning process and the need to ensure students have adequate access to, and lines
of, communication with their teachers.
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5.3. Research is needed on the role of learning communities

One area of future research that should prove especially interesting is the role of learning
communities in web-based teaching. In a recent empirical study of web-based classes, the quiz,
homework, and midterm exam scores suggested that cyberstudents benefit from the study groups
that are encouraged by means of student-moderated chatrooms and electronic fora (i.e. bulletin
boards; Wang & Newlin, 2000). There may however, be additional benefits beyond the mastery of
skills and concepts required in class. For example, recent research suggests that extended invol-
vement on the Internet is associated with declines in social and family activities and increases in
depression and loneliness (Kraut et al., 1998). Moreover, distance learners who are not well
integrated socially within the academic environment tend to have lower grades and higher drop-
out rates compared with students who are socially integrated (Kember et al., 1992). We recom-
mend that web-instructors should counter these tendencies by designing and encouraging
opportunities for their students to form learning communities in cyberspace. The benefit of this
form of social support would not only serve to improve class performance; it would also heighten
students’ interest and involvement in the activities of the virtual classroom.
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Summary Asynchronous distance learning programs in health informatics are becom-
ing more prevalent, but there is little research on the best practices of asynchronous
learning technologies. There are virtually no data on the value of video of the instruc-
tor compared to an audio slide presentation. We conducted a randomized controlled
trial in which we showed the same slide presentation to two groups of students. One
group saw a video of the instructor giving the lecture and the other group saw the
same presentation with audio only. Our results show that adding video to an audio
presentation does not lead to greater satisfaction or greater learning. Students may
think they want the video, but those who have it are not uniformly pleased with it.
These results demonstrate that despite the intuitive appeal of streaming video, the
addition of a video to an audio presentation may not be worth the extra expense and
effort.
© 2003 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Healthcare and information technology are both
growing fields and there has also been an increase
in the number of health informatics educational
programs designed to prepare students for these
fields. Many of the people interested in further edu-
cation in health informatics are currently employed
individuals who are interested in either advancing
their education or changing professions. Clinicians
interested in improving their technology knowledge
and skills and information technology professionals
interested in entering the healthcare field are at-
tracted to health informatics programs, but often
cannot afford to leave lucrative jobs to return to
school. For this reason, many of these individuals

*Corresponding author. Tel.: +1-205-975-8219.
E-mail address: eberner@uab.edu (E.S. Berner).

are interested in distance learning programs and
health informatics programs are feeling the pres-
sure to accommodate these learners. Asynchronous
distance education methodologies may be the most
appropriate instructional method for this group of
learners. Asynchronous distance learning programs
for teaching health and medical informatics are
becoming more prevalent [1—3], but since distance
educational technologies are still evolving there
is little research evidence on the best practices
in terms of technologies for asynchronous learn-
ing [4]. Computer-based lectures have been shown
to be equally as effective as classroom lectures,
especially with the introduction of an audio feed
in addition to a slide presentation [5]. The issue
of video in addition to audio has not been studied
systematically. There have been some studies ex-
amining how much digitized videotapes of lectures
are used by students, but the results are mixed.
For instance, Dev et al. found that there was some

1386-5056/$ — see front matter © 2003 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.ijmedinf.2003.12.001
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use of digitized lectures, but not as much as antic-
ipated and student attendance at the live lectures
did not drop, suggesting the students were using
the digitized lectures for review, rather than as
a primary source of the material [6]. Bell et al.
found that not only did students not access the
digitized videos of the lectures, but that class at-
tendance dropped as well [7]. Bell et al. attribute
the results to students intending to access the pre-
sentations, but failing to do so [7]. Both of these
studies were done by videotaping live presenta-
tions, which included both audio and video and fo-
cused on student utilization, not formal evaluation
of the importance of the video versus the audio. In
addition, the taped lectures were intended as an
additional instructional resource, not as a primary
mode of distance education. The development of
online materials for distance education may in-
volve different preparation than simply taping and
digitizing a live lecture. While Spickard et al. found
that the addition of audio was more effective than
simply displaying the slides, it is not clear how
important it is to add streaming video to audio in
computer-based presentations [5]. There are many
advocates of including video of the lecturer and
video tools continue to be developed. Proponents
claim that a video of the instructor in addition to
the audio narration personalizes the presentation
and that learners prefer it. Opponents have gen-
erally argued that it is expensive, consumes band-
width and is not necessary. Given the resources
needed to produce high quality video lectures, it
is important to make these decisions on evidence
rather than opinion. For this reason, we performed
a randomized controlled trial to determine the im-
pact of using streaming video compared to audio
only on students’ learning and satisfaction with
computer-based lectures.

2. Methods

The sampling frame included 50 students from
two classes of students in the Master of Science
in Health Administration program at the Uni-
versity of Alabama at Birmingham, who had not
previously heard the particular lecture that was
used in this study. Subjects in each class were
pre-randomized to two groups, stratified by gender
and race/ethnicity to assure the same proportions
of males and minorities as in the total group. Both
groups viewed the same presentation, but one
group had both audio and video of the instructor
talking and the other group had audio only. The
presentations were prepared by using RealPresen-
ter PlusTM Version 8.01, a content creation tool

developed by RealNetworks Inc. Recording was op-
timized for high bandwidth. The presentation was
21min long with 17 different slides (primarily text
with bullets displayed all at once, without progres-
sive disclosure). The topic was the HIPAA legislation
with a focus on the Privacy Rule. The presentations
were played via CDs on laptop computers, rather
than over the Internet as a control for dissatis-
faction due to transmission difficulties or latency.
Students viewed the presentations in a classroom
setting as a group. Following the presentations,
students filled out a brief evaluation survey assess-
ing their perceptions of the presentation itself and
their views on distance education using the type of
presentations they saw. The evaluation items were
derived from a long-standing literature on lecture
evaluation and are similar to others that have re-
cently been used in formal studies [8,9]. The audio
only group was also asked whether they would
have liked to have viewed a video of the instructor
and the audio/video group was asked their opinion
of the value of the video. Both groups also took
a 14-item test assessing their knowledge of the
content of the presentation. Descriptive statistics
included the mean and standard deviation for each
class and each group on both the test and the sur-
vey. To assess the main research question, whether
there are differences in either student satisfaction
or learning with audio compared to audio/video
presentations, a multivariate analysis of variance
was done with two fixed factors (class and group)
and two dependent variables (test scores and mean
survey ratings).

3. Results

A total of 41 students actually attended the pre-
sentations. A χ2-analysis of the differences in the

Table 1 Evaluation ratings and test scores

Group Mean (S.D.)

Evaluation
(maximum:
5.00)

Test (max-
imum:
14.00)

Audio class 1 3.94 (0.24) 6.30 (1.34)
Audio/video class 1 3.82 (0.29) 8.00 (2.83)
Audio class 2 3.66 (0.43) 6.20 (2.82)
Audio/video class 2 3.80 (0.38) 5.67 (2.35)
Audio total 3.80 (0.37) 6.25 (2.15)
Audio/video total 3.81 (0.33) 7.00 (2.83)
Class 1 total 3.87 (0.27) 7.23 (2.39)
Class 2 total 3.73 (0.40) 5.95 (2.55)
Total 3.80 (0.34) 6.63 (2.52)
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Table 2 Effect of group and class on evaluation ratings and test scores

Source of variance Dependent
variable

F P

Group (audio only (N = 20), audio/video (N = 21)) Evaluation 0.01 0.94
Test 0.58 0.45

Class (class 1 (N = 22), class 2 (N = 19)) Evaluation 1.93 0.17
Test 2.53 0.12

Group/class interaction Evaluation 1.52 0.23
Test 2.13 0.15

gender and minority proportions of the participat-
ing students compared to the randomized assign-
ments was not significant, indicating that those
students who attended the presentations were com-
parable on race and ethnicity to the students who
were pre-randomized. In terms of the questions on
the value of the video, a majority of those in the
audio only group said that they would have liked to
have the video of the instructor in addition to the
audio, while less than half of those in the group
that had the video felt that video contributed to
the learning experience and a third of the students
in the video group found the video distracting. The
means and standard deviations of all groups on the
evaluation survey and the test are shown in Table 1.
Table 2 shows the results of the analysis of variance.
Therewas no significant overall main effect of group
(audio versus audio/video) or class (class 1 or class
2) on either the student evaluation of the presenta-
tion, or on the knowledge they gained from it, nor
was there any statistically significant interaction.
For class 1, there were technical difficulties with

the presentation that may have affected the scores
of the class 1 audio only group. For that group,
the presentation had to be restarted several times
and eventually the instructor stopped the computer
presentation and finished the presentation in per-
son. While the students were told to base their eval-
uation of the instructional medium on what they
saw of the computer-based presentation and to ig-
nore the technical problems, the disruption could
have depressed their test scores.

4. Discussion

Our results show that adding video to an audio pre-
sentation does not lead to either greater satisfac-
tion or greater learning and that students may think
they want the video, but those who have access
to it are not uniformly pleased with it. Although
we only used a single presentation, these results
are similar to those found in another study exam-

ining the impact of video on collaborative working
groups [10]. In that study the researchers tried to
determine if the addition of a video communication
channel would provide any significant benefit over
audio in the use of work-space software. Results
from the study showed that even though the users
expected to be more satisfied with video, there
was little difference between the audio and video
scenarios [10].
There are some limitations that may potentially

affect the generalizability of these results. The test
was not a validated examination, but was similar to
a classroom test on the topic of the presentation.
The survey was specially designed for this study, al-
though the items on it were typical of other lecture
rating instruments [8,9].
Even though the results of this study find support

in studies in related areas, it may be necessary to
examine whether the results would be consistent
across a range of health informatics content. The
content of this presentation was such that tradi-
tional slides with bulleted text were sufficient to
convey the information. Much of the content of on-
line lectures and presentations is very traditional
and involves exactly the kind of slides we used.
However, with content that requires more demon-
stration, such as how to use equipment, video may
be more important. A further area for research
would be to replicate this study with other content.
Another concern that mightd be raised is gen-

eralization to other groups of students or other
presenters. In this study, there was no statistically
significant effect of the class the students were in,
but again, both classes had similar backgrounds.
It is always possible that students with a differ-
ent background might have responded differently.
It was assumed that the randomization procedure
would minimize the influence of other differences
among students, such as computer facility, learning
styles, and other similar variables but these as-
pects were not directly assessed. Also, although the
groups were not large, the differences in scores,
especially on the satisfaction scores, were so close
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that more subjects would be unlikely to make a
difference in the conclusions.
Lecturers vary in their expressiveness or use of

body language. A full view of a charismatic lecturer
might be evaluated differently than what was pre-
sented to the students. However, many videos that
accompany educational slide presentations are ei-
ther close-ups of a seated speaker or small distance
views of the lecturer. Neither of these types of
videos is likely to take full advantage of expressive
body language and vocal expressiveness can be cap-
tured as well in audio. Nevertheless, further stud-
ies examining a variety of speakers could be done
to determine whether the results were specific to
the particular lecturer.
We recognize that viewing the presentations as

a group in a classroom is not the same as viewing it
individually at a computer monitor. The quality of
students’ individual computers might differ which
could affect the results. There were different
computers and projectors used in the two rooms
where the presentations were viewed. However,
the better equipment was in the room where the
audio/video presentation was shown, which could
have given it an advantage, but that did not occur.
Better quality video might have made a difference
in the evaluation responses. If the video had been
of higher quality, some of the subjects might have
rated the experience more positively. However,
even if the video recording quality were higher, it
would most likely be even worse than it was in our
classroom if it were broadcast over the Internet,
which would be the intent in online instructional
use. That is, the video would be expected to de-
grade in almost any presentation delivered over the
Internet and would degrade even more for students
with dial-up connections. Thus, the conditions of
this experiment, while not directly comparable to
online instruction, are more like a ‘‘best case’’
scenario and the addition of video still does not
provide any advantage.
Another limitation is the technical difficulties

that the class 1 audio only group experienced dur-
ing the presentation and whether the difficulties
affected the scores of the group. Despite the tech-
nical difficulties, that group’s reactions were posi-
tive and they had the highest satisfaction scores of
all the groups.
Because a script was used, the pace of presen-

tation was more rapid than might be typical in a
classroom. If classroom lectures are simply filmed
and put online, they would undoubtedly have less
rapid changes of slides than occurred in our study.
With slower paced presentations, and/or with less
rapidly changing slides, the video may be more nec-
essary to hold students’ attention. Thismay account

for the anecdotal impression that students prefer
the video. If this is the case, though, it may be more
cost-effective to avoid the expense and effort to
create video, and to address the attention prob-
lem by keeping the pace of the presentation and
change of slides rapid enough to hold student at-
tention. Further research examining the effect on
preference for video with different speeds of pre-
sentation, perhaps by using progressive disclosure
of bullet points, might provide data on how gener-
alizable the results are.
The results of this study have raised several

areas for further research to definitively address
the question of the value of adding video to
audio-annotated slide presentations. In particular,
effect of different student backgrounds and cog-
nitive styles, presenters, content and pace of the
presentation should be explored.

5. Conclusion

These results demonstrate that despite the intuitive
appeal of streaming video and the increasing so-
phistication of video software and equipment, the
addition of a video of the lecturer to an audio pre-
sentation may not be worth the expense and effort
it takes to produce and maintain.
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Abstract 

Learners are referring to streaming instructional videos for the understanding of concepts and theories, for step-by-step 
demonstrations in learning to do something as well as in familiarizing themselves with environments through simulations and 
virtual tours. Through a survey set out to a group of university students in a computer based course, this research reports the use 
and beliefs of using video instructions as a tool for learning that transcends the classroom. Findings show that students will refer 
to video instructions first before attempting any other form of online instruction.  
© 2010 Published by Elsevier Ltd. 
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1. Introduction 

The use of video instructions in the learning environment is becoming common over the last two decades in 
classrooms as well as for distance learning (Whatley & Ahmad, 2007). Video when used appropriately can be a 
powerful teaching medium to grab students’ attention and can also be a strong motivator for learning (Whatley & 
Ahmad, 2007). Over the years, videos have gained popularity on the Web as a medium of presenting materials that 
incorporate multimedia content for e-learning. Interactive videos allow students to have repetitive viewing by which 
they can pause and replay the content as needed to help their understanding and improve information retention 
(Whatley & Ahmad, 2007). There are many formats of instructional videos available. These include expert 
demonstrations and explanations, screen captured presentations, mini lectures, interviews, scenarios and etc. (Fadde, 
2008). The types and categories of digital video instructions are listed in Figure 1.  

Video  not  only  allows  students  to  learn  at  their  own  pace,  own  time  and  in  the  comfort  of  their  own  
environments, but it also provides a way for them to learn independently without relying on others for help. Today, 
with the affordability and variety of technology has to offer, it seems that videos are suitable for beyond classroom 
and large classroom learning. Videos have proven to be beneficial to learning as exemplified by some empirical 
studies on the case for using videos in teaching and learning. It has resulted in valuable collaborations, 
communication and reflections among learners as well as instructors (Baecker, 2002; Cunningham & Benedetto, 
2002; Hartsell & Yuen, 2006; Hayes, 2009; Leijen et al., 2009; Whatley & Ahmad, 2007). Videos in the form of 
Webcasts or podcasts are published in streaming format and then broadcasted over the Web for self-paced learning 
especially in distance education (Oliver, 2005).  
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Using videos as an aid for teaching relieves the instructor of repeating lectures or skilled demonstrations. The 
advancement of streaming technologies which enables rich media content to be delivered to learners as an entire 
program or specific segment of it anywhere and at any time as long as it is connected to the Web befits the 
requirements of mobile and ubiquitous learning (Jones & Jo, 2004). Pre-loaded videos on the other hand, can be 
shared over a local area network (LAN) where instructional video content is delivered to a server where it is 
connected to the LAN for playback (Hartsell & Yuen, 2006).  

The downside of using video instruction is the long development time needed for streaming videos compared to 
the development time needed for a lecture (Weiser & Wilson, 1999 in Liu, Liao & Pratt, 2009). According to 
Vaughn (2008), besides hardware and software issues, instructors need to have knowledge on video authoring, 
instructional design skills and creativity to create good streaming videos. Instructors will also need to identify 
students’ preferred channels for knowledge sharing as well as have necessary knowledge on how to upload video on 
social media sites while keeping the content open and secured. 

 

 

Figure 1: Types of digital instructional videos 

 

2. Literature review 

Downloading videos and viewing it is nothing new to students these days. As most current university students 
belong to a group of learners known as the Digital Natives (Prensky, 2001), they are seen as savvy digital tool users. 
They spend a lot of their time communicating, learning and playing games using digital devices. They are also 
skilled users and creators of  digital content (Prensky, 2001; Kennedy et al., 2007). One of the main uses of digital 
devices by them is for playing streaming content such as music and videos (Kennedy et al., 2007). Even without 
guidance from instructors, Digital Natives pick up these digital skills outside the classroom. As most university 
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courses expect that students’ will continue to learn or research even after they have exited the classroom, instructors 
can facilitate, engage and motivate students by understanding their learning style and needs (Prensky, 2001). Most 
universities apply blended learning in their learning context as shown in  

 
Figure 2.  Blended learning combines traditional face to face classroom learning with Information 

Communications Technology (ICT) to help students learn more efficiently (Higgins, 2003). Blended learning is also 
called hybrid learning where many modes of learning are combined, with the usual combination of web-based 
instruction with live instruction, resulting in a socially supported and constructive learning experience (Oliver, 
2005). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 2: Current learning context 

2.1 YouTube revolution 
 

     YouTube is one of the many video sharing sites on the Web. As social media become increasingly popular over 
the Web, YouTube like other social media tools such as Wikis and blogs have found their way into the everyday 
classroom. YouTube has been voted as the  top  video  sharing  site  in The Emerging List of Top 100 Tools for 
Learning in the year 2009 and 2010 (C4LPT, 2010). YouTube has recorded an average of 65,000 uploads and 100 
million videos viewed per day in 2006 (USA Today, 2006) and as of 17th May 2010, the number of videos viewed 
per day has exceeded 2 billion (Lewin, 2010). Although most users upload content that are deemed entertainingly 
“interesting” on YouTube (Kruitbosch & Nack, 2008), it is also a site where students seek informative learning 
videos (Yuen, 2009). YouTube contains not only user-generated videos but also user-generated-of-a-professional-
performance videos, professional recordings, user edited or professionally edited videos (Kruitbosch & Nack, 2008).  

YouTube as a learning tool has many advantages; mainly because it is free, user friendly and mobile friendly. 
Videos in YouTube also allow for tagging, annotations, deep links, commenting and captioning. Since it is heavily 
dependent on users’ contribution, user-generated content including user-generated videos may contain safety and 
legal concerns attached to them. User-generated content encompasses various kinds of media content which 
are publicly made available on the Web. They are produced by end-users reflect some creative 
effort created outside professional routines and practices (Wunsch-Vincent & Graham, 2006). 
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Though there are measures taken to keep user sharing sites safe for all, there are still possibilities of inappropriate 
content such as those deemed offensive, violent or pornographic (Bloxx, 2010). Education institutions and 
instructors will have to work hand in hand to ensure that students access only relevant content which is useful to 
their learning. Nonetheless, user-generated content has many advantages as it allows discussion and collaboration 
between learners as compared to professionally created video instructions. Jane Hart (2010) explains: 

 
It is not about churning out content (however well instructionally designed) but also about 

the social aspects of learning. Individuals need to have the opportunity to discuss, collaborate 
and share their experiences – and thereby add to the body of knowledge around a topic. UGC 
(user-generated content) should therefore be seen as a valuable aspect for formal learning 
context – as much as expert generated content (as cited in Poulos (2010), para.3). 

3. Students’ belief and use of video instructions for learning 

Students’ belief and preference of learning are surveyed to identify strategies of integrating video instructions as 
support for formal classroom learning. Survey data retrieved from 31 students taking a computer based learning 
course in the Faculty of Creative Multimedia, Multimedia University is collected and analyzed. The survey reports 
students’ belief and preference for video instructions for learning. The results of the survey are presented in Table 1. 

 
Table 1: Students’ belief and preference of video instructions for learning 

 
Statement Mean  Std Dev 

Video is better than on screen text/textbooks 4.000 .127 
Learn better with video than without them 3.733 .172 
Video helps learning 4.333 .111 
Video holds attention 4.033 .122 

*5 point Likert scale based on 1-Absolutely No to 5-Absolutely Yes 
 

Students’ preference on seeking information for learning Mean  Std Dev 
Textbook/On Screen text 2.516 1.061 
Online (non-video) 3.516 1.480 
Forums 2.065 1.031 
Blog/podcast 1.968 1.169 
Video posted by lecturer 4.067 .159 
Videos from Expert (Content/subject matter) 4.000 .159 
Videos from YouTube 4.032 .188 

*5 point Likert scale based on 1-Never to 5-Always 
 

Students’ belief on the aspects of a "good” streaming video Mean  Std Dev 
Video resolution 4.300 .794 
Visual Content 4.567 .626 
Audio Content 4.300 .915 
Subtitles (Caption) 3.933 .785 
Fast loading 4.433 .679 
Short duration 3.100 .803 

            *5 point Likert scale based on 1-Absolutely No to 5-Absolutely Yes 
 
 
 
 

4. Results and discussion  

Overall feedback from the survey regarding video instructions for learning is positive. Generally, students 
believe that videos help them with their learning and are able to hold their attention. As most Digital Natives are 
technology savvy, they have little issues with obtaining video instructions and viewing them. Video instructions are 
generally the most preferred method of learning as compared to other online learning media. Videos containing 
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multimedia elements are able to hold the attention of current learners who are impatient and have short attention 
span (Prensky, 2001). There is a little difference between preferences of videos created and selected by lecturers, 
videos professionally created by subject matter experts or user-generated videos on YouTube. A larger sample of 
students is probably needed to determine the significance of these results.  

In regard to creating good streaming videos, students believe that high quality visual content and fast loading 
clips are the most important elements. Students believe that audio content is not as important as visual content. The 
most probable reason for this might be because even without audio content, silent video instructions can still transfer 
knowledge. The redundancy principle by Clark & Mayer (2003) suggests that having redundant sound is harmful to 
learning. As for impatient learners, slow loading videos will result in Digital Natives getting bored and distracted 
because of the waiting time needed; therefore publishing video instructions on fast bandwidth sites would attract 
learners and ensure smooth transfer of knowledge. Though there are suggestions to reduce download time by 
chunking information into smaller parts, the students do not think that keeping video durations short will make for 
good instructional videos. Students also believe that a good video should be accompanied with captions. Captions or 
subtitles are advantageous, especially for learners lacking in language proficiency. Captions are also useful when 
spoken audio is not clear. 

5. Conclusion 

Considering the advantages of using streaming video for independent learning, this preliminary study examined 
students’ belief and preference for beyond classroom learning. Though this research is limited only to a small 
population of Digital Natives taking a computer based course in the Faculty of Creative Multimedia, Multimedia 
University, it is found that video instructions are favorable to these university students and have a tremendous 
potential as a supporting tool for formal learning beyond the traditional classroom setting. From the research 
findings, further study in the areas of instructional video design and collaborative learning is implicated. Future 
study will include in depth study of factors affecting students’ choice of user-generated video instructions for 
learning, which include study of context, instructional video design and social factors. Further investigation into the 
extent that user-generated video instructions can help learning will also be carried out. 
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Abstract
Two complementary studies, one in the laboratory and one in the field, compared the usage patterns and the effectiveness of interactive videos
and illustrated textbooks when German secondary school students learned complex content. For this purpose, two videos affording different
degrees of interactivity and a content-equivalent illustrated textbook were used. Both studies showed that in contrast to previous studies working
with non-interactive videos, the effectiveness of interactive videos was at least comparable to that of print, probably due to the possibilities
provided for self-regulated information processing. It was shown that the interactive features of the videos were used spontaneously. However,
features enabling micro-level activities, such as stopping the video or browsing, seemed to be more beneficial for learning than features enabling
macro-level activities, such as referring to a table of contents or an index. This finding is explained by students’ misconceptions about the use of
features enabling macro-level activities.
� 2011 Elsevier Ltd. All rights reserved.

Keywords: Digital videos; Learning with videos; Learning with media; Media comparison
1. Introduction

Besides being a major component of students’ media
experience in their leisure time (Feierabend & Rathgeb, 2008,
2009), videos are one of the most frequently used media in
classroom settings (Corporation for Public Broadcasting,
1997, 2004; Feierabend & Klingler, 2003). With the growing
affordability and resulting availability of video production
tools, this trend is unlikely to change in the years to come. For
instance, in history education videos may serve two purposes.
First, contemporary videos are considered as historical sources
suitable for providing vivid and broad insights into more
recent and most recent history (Paschen, 1994). Second,
contemporary feature movies can be used to analyze societal
and political views that were predominant at the times the
movies were shot (Stoddard & Marcus, 2010). Given these
fruitful modes of utilization, it is not surprising that local
standards for history education mention videos as one crucial
* Corresponding author. Tel.: þ49 7071 979 355; fax: þ49 7071 979 300.

E-mail address: m.merkt@iwm-kmrc.de (M. Merkt).

0959-4752/$ - see front matter � 2011 Elsevier Ltd. All rights reserved.
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source students should use when deliberating about historical
events (Hessisches Kultusministerium, 2010; Ministerium für
Kultus, Jugend und Sport Baden-Württemberg, 2004;
Sächsisches Staatsministerium für Kultus, 2009; Verband der
Geschichtslehrer Deutschlands, 2006).

Based on these considerations, it is evident that videos are
an integral component of the educational environments
students face these days. However, from the perspective of
educational psychology, the status of video as an effective
learning medium has not gone undisputed, particularly in
comparison to print. Yet studies in which knowledge acqui-
sition was lower for video than for text, typically presented
video in a broadcast mode in which it was not possible for the
viewers to control the video’s flow of information (e.g.,
Furnham & Gunter, 1985; Gunter & Furnham, 1986; Walma
van der Molen & van der Voort, 2000). In contrast, recent
digital forms of video give the viewers the opportunity to
(inter-) actively control its presentation. Accordingly, in the
present article, two empirical studies are described that
examined the effectiveness of interactive features in videos in
comparison to an illustrated textbook.

mailto:m.merkt@iwm-kmrc.de
http://dx.doi.org/10.1016/j.learninstruc.2011.03.004
http://dx.doi.org/10.1016/j.learninstruc.2011.03.004
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2. Comparing knowledge acquisition with text and with
video

Even though the effectiveness of video was found to be
comparable to traditional classroom instruction (Michel,
Roebers, & Schneider, 2007), the use of videos for learning
purposes is not undisputed. Doubts arise from several studies
comparing the effectiveness of videos to content-equivalent
print (e.g., DeFleur, Davenport, Cronin, & DeFleur, 1992;
Furnham & Gunter, 1985, 1987; Gunter, Furnham, &
Gietson, 1984; Gunter, Furnham, & Leese, 1986; Walma van
der Molen & van der Voort, 2000; Wicks & Drew, 1991;
Wilson, 1974). Whereas for children (that assumedly lack
reading proficiency) and low complex material (for example,
children’s news), retention and understanding were equal or
even in favor of videos (Furnham, de Siena, & Gunter, 2002;
Walma van der Molen & van der Voort, 1997, 2000), for
adolescent or adult viewers and complex matters, several
studies repeatedly found videos to be inferior to print when it
came to recalling the facts mentioned in the medium - even
when presentation time was held constant over the different
conditions. These findings were replicated for different genres
such as news broadcasts (Furnham & Gunter, 1985; Gunter &
Furnham, 1986; Gunter et al., 1986; Walma van der Molen &
van der Voort, 2000), political broadcasts (Gunter et al., 1986)
and television commercials (Furnham, Benson, & Gunter,
1987). A similar advantage has also been reported for print
over spoken text. In this case, a comprehension advantage of
spoken text was shown for short and semantically poor
content; however, print was found to be better suited for
complex and semantically rich content (Kürschner & Schnotz,
2008).

One possible reason for these differences is the amount of
control the recipient can exert over his or her information
processing in the respective medium. Whereas in the print
conditions of the aforementioned studies (e.g., Furnham et al.,
2002; Furnham & Gunter, 1985, 1987; Gunter et al., 1984,
1986; Walma van der Molen & van der Voort, 2000) recipi-
ents were allowed to reread relevant passages, skip unimpor-
tant ones, and adjust the reading pace to their individual
cognitive needs, in the video condition the films were shown in
a strictly medium-controlled fashion, without giving the
viewers any possibility of changing pace or sequence of the
presentation. Thus, the observed deficiencies of videos can
probably be attributed to the restricted range of activities
related to the control of the transient flow of information.

3. Micro-level and macro-level activities in text processing

For text, several studies related to reading comprehension
have demonstrated the importance of self-regulated informa-
tion processing on a local level (Bazerman, 1985; Coté,
Goldman, & Saul, 1998; Garner, 1987; Hyönä, Lorch, &
Kaakinen, 2002; Hyönä & Nurminen, 2006; McNamara,
Levinstein, & Boonthum, 2004). Not only do skilled readers
adapt their reading pace to the complexity of the text and to
their cognitive needs, but they also actively reread important
or difficult passages, skip unimportant or uninteresting
passages, quickly browse through comprehensive texts, and
stop reading for a moment to engage in self-explanations
(McNamara et al., 2004). Studying overt reading strategies
in informational texts, Coté et al. (1998) found 4th and 6th
graders’ reading strategies to be flexible and adaptive. Students
used their prior knowledge to understand the texts and actively
used backtracking and rereading of difficult passages they did
not understand. Such processes of backtracking and rereading
helped students to remember content. These findings are
corroborated by eye-tracking studies by Hyönä et al. (2002)
and Hyönä and Nurminen (2006). They could show that
successful readers deliberately use lookbacks and re-readings
of the text as effective strategies for enhancing their memory
and comprehension of the text content.

In the following, the term micro-level activity will be used
to describe re-readings and lookbacks, because they mainly
serve to control information processing on a local text level
referring to navigation through single words, sentences, or
short paragraphs. The usefulness of micro-level activity can be
assumed for all forms of printed texts e from short scientific
abstracts to voluminous books. Additionally, the term macro-
level activity will be used to describe text related activities on
a more global level referring to navigation through the entire
text. Macro-level activity includes the use of top-down text
organizers such as tables of contents or indexes to locate,
relate, and compare relevant text parts. It is obvious that this
kind of activity is hardly useful for short texts, but is a crucial
component for working efficiently with comprehensive texts.
However, these skills at both the micro- and macro-level are
rarely taught explicitly (Guthrie & Mosenthal, 1987), but are
expected to be acquired by practice instead (Armbruster &
Gudbrandsen, 1986). Rouet and Coutelet (2008) found that
some students between the 3rd and 7th grades progress from
simple and inefficient search strategies, like browsing through
the pages, to top-down search strategies using text organizers,
such as tables of contents and indexes, when searching for
information in books. The developmental sequence identified
in their studies was browsing, followed by the use of the table
of contents, followed by the use of the index. Nevertheless,
a substantial proportion of the 7th grade students had not yet
developed the more advanced modes of locating information.
However, young adults (w20 years old) seem to master
locating information in textbooks using an index quite well
(Yussen, Stright, & Payne, 1993). From research about
locating information in textbooks, it still remains unclear what
happens if the use of these features has to be incorporated into
more comprehensive forms of information processing when
participants need to gather information from multiple sections
of a medium and locating specific information is just a subgoal
serving the superordinate goal of summarizing a medium’s
content. In this case, the use of the table of contents and the
index could even reduce the scope the person considers when
gathering information, leading to a neglect of information that
could be found outside the selected sections.

By integrating both micro- and macro-level activities,
Guthrie (1988) proposed and empirically tested a
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comprehensive, five step model of information processing in
print. First, driven by internal or external demands, the reader
must formulate a reading goal. Second, the reader has to
identify relevant sections of the text, which includes browsing
textbook chapters for appropriate information, using the
chapter structure for search cues. Applied to entire textbooks,
it can be assumed that this step also relies on macro-level
activities, such as using tables of contents and indexes to
find a suitable chapter or suitable pages in a book. If more than
one relevant section is identified, the reader also sequences his
subsequent inspection of the identified chapters. Third, the
reader must extract the details from the sections identified and
sequenced in step 2. During this step, micro-level activity is
crucial, as the reader actively tries to understand specific
information. Fourth, the information is integrated with the
readers’ prior knowledge. When indicated, goals have to be
reformulated or new categories of information must be sought.
This may lead to a recycling of the previous steps of infor-
mation processing (step 5). Guthrie (1988) found that the
efficiency of information processing in print depends on the
speed and accuracy in which these steps are executed.
Performance on steps 2e5 accounted for 68% of participants’
variance in general search performance. In support of these
tasks, textbooks typically provide a number of features that
enable certain micro-level or macro-level activities. This
includes the use of appropriate font types and sizes, headings,
numerations, tables of contents, and indexes, which have all
been shown to contribute positively to ease and quality of text
processing (Brooks, Dansereau, Spurlin, & Holley, 1983;
Glynn & di Vesta, 1979; Lockhead & Crist, 1980; Lorch &
Chen, 1986; Rouet & Coutelet, 2008; Yussen et al., 1993).

4. Processing activities in videos

Turning back to the features of traditional educational
videos that were used in the studies by Furnham and
colleagues (e.g., Furnham et al., 2002; Furnham & Gunter,
1985, 1987; Gunter et al., 1984, 1986) and by Walma van
der Molen and van der Voort (2000), comparable affordan-
ces for appropriately processing the video’s content were
missing. The transitory nature of films leads to additional
difficulties that print does not present. Transient information
needs to be continuously processed in the working memory.
Because the recipients’ cognitive resources in the working
memory are limited (Sweller, van Merrienboer, & Paas, 1998),
transient information can result in a cognitive overload if there
is a mismatch of the presentation pace and the recipients’
cognitive capacities. Following the argumentation of Lowe
(2004), such a mismatch could lead to deficient learning
outcomes due to an overwhelming effect. As the information
in videos is transient, the consequence of not attending to the
information presented in the video may be a loss of relevant
information (Sturm, 1984).

This difficulty should be especially prevalent for complex
pictorial information lasting for several minutes. Research on
animations has shown that cueing (e.g. de Koning, Tabbers,
Rikers, & Paas, 2007) can help the recipients handle
transient information by highlighting relevant aspects of
a presentation. However, these effects were only shown for
short and recurring events such as cardiac cycles (de Koning
et al., 2007). Thus, the successful implementation of cueing
is questionable if longer and non-recurring events lasting for
more than a few moments are depicted, because information
still remains transient when cueing is used. In the case of
videos, professionals have developed a number of design
principles to keep complexity at a level manageable by the
users. For example, they decompose complete scenes into
a sequence of shots which focus on one important event by
using different perspectives or zooms (Bordwell & Thompson,
2008). Nevertheless, even when adhering to these principles,
the steady flow of information might lead to a cognitive
overload. To avoid this, the recipients must be given more
control over transient information. In this respect, a segmen-
tation of information into small, discrete segments has been
shown to be beneficial for learning (Hasler, Kersten, &
Sweller, 2007; Mayer & Chandler, 2001). However, positive
effects of segmentation were qualified by the participants’
working memory capacity. Whereas participants with low
working memory capacities benefitted from segmentation,
participants with high working memory capacities could not
improve their performance in recall and transfer when learning
with segmented instruction instead of non-segmented
instruction (Lusk et al., 2009). Thus, predefined segments
are not equally efficient for every learner, because learners
with high working memory capacities might not need
segmentation. Instead of using predefined segments, learners
should be allowed to individually decide when they feel the
need to pause the animation to avoid cognitive overload.
Findings by Hasler et al. (2007) indicate that merely the
possibility to control the flow of transient information in
animations with stop and play buttons was as beneficial for
learning as having the participants learn with animations
divided into predefined segments, even if the respective
features were hardly used. Interestingly, giving participants the
possibility to change the sequence of instructional information
also led to better learning outcomes, even though the possi-
bility to change the sequence was also hardly used (Wouters,
Paas, & van Merriënboer, 2010). Thus, giving recipients the
opportunity to control pacing of information interactively any
time they feel the need might be a promising approach to
improve video’s potential as a learning tool.

A considerable body of research reviewed by Wetzel,
Radtke, and Stern (1994) addressed the usefulness of inter-
active videos in instructional settings. Overall, Wetzel et al.
(1994) concluded that higher levels of interactivity in
computer-based video environments were associated with
higher levels of achievement. Interactivity in these studies
included a broad range of activities such as questioning, giving
the participants feedback about their learning progress, and
learner control. Investigating the usefulness of questioning and
giving feedback, Cennamo, Savenye, and Smith (1991)
compared an interactive video, a non-interactive educational
video, and a non-interactive video. The interactive video had
the learners answer questions actively and gave them feedback
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about correct answers. The non-interactive educational video
presented the same questions as well as the correct answers
during the presentation of the video; however, answering
actively was not requested. The non-interactive video did not
present any questions. Cennamo et al. (1991) reported
a superiority of the interactive video over the non-interactive
video concerning the recall of facts, whereas there was no
media difference in the amount of mental effort invested by
the participants.

Even though the effectiveness of interactive videos has
been frequently demonstrated (Fletcher, 1990), most of these
studies hardly allow any conclusions about the effectiveness of
specific features because they lack detailed information about
the implementation of those features (Wetzel et al., 1994).

Given the important role of micro- and macro-level activ-
ities in text processing, it can be hypothesized that the inclu-
sion of respective features in videos should lead to
improvement of memory and comprehension of the videos’
content by establishing learner control. Empirical support for
this notion comes from a study that compared the learning
effectiveness of interactive videos with that of traditional, non-
interactive videos (Schwan & Riempp, 2004). Using the task
of learning to tie nautical knots, Schwan and Riempp (2004)
could show that learners spontaneously take advantage of
the possibility to manipulate the video’s pace and sequence of
presentation via stopping and browsing, and that this leads to
mastering the knots significantly faster. This finding is in line
with Zahn, Barquero, and Schwan (2004) who found that the
use of basic interactive features in hypervideos was positively
related to knowledge on the topic that was learned, and with
Hasler et al. (2007) who found the implementation of start and
stop buttons in animations to be beneficial for learning.
However, in contrast to the reported research on learning with
educational films (e.g., Furnham et al., 2002; Walma van der
Molen & van der Voort, 2000), Schwan and Riempp (2004)
and Hasler et al. (2007) focused on the acquisition of proce-
dural skills/knowledge instead of declarative knowledge
(Wouters, Tabbers, & Paas, 2007). Also, the video’s interactive
features allowed for micro-level activities, but did not support
macro-level activities. Therefore, the two studies presented
here aim to extend and elaborate the findings of Schwan and
Riempp (2004) and Hasler et al. (2007) by applying them to
the acquisition of declarative knowledge with interactive
videos that allow for either micro-level activities or a combi-
nation of micro-level and macro-level activities.

It is well established that effective use of a given medium
presupposes corresponding skills among the users. With
respect to print, students develop the strategies of micro-level
activity by the 6th grade (Coté et al., 1998). By this age, they
can flexibly and actively adapt their reading process to the
cognitive demands of the texts. Efficient strategies of macro-
level activity are developed between the 3rd and 7th grades,
although not by all students (Rouet & Coutelet, 2008). In this
developmental process, students start with rather crude
browsing strategies, followed by the use of the table of
contents and finally the use of an index on the most sophis-
ticated level. This level should be reached by young adulthood
(see Yussen et al., 1993). With regard to digital videos, cor-
responding skills on the micro-level can be assumed, because
features such as start/stop and rewind/forward have a long
cultural tradition in the home entertainment sector, beginning
with tape recorders and VCRs. This is also in line with the
findings of Schwan and Riempp (2004) that showed that adult
viewers spontaneously used start/stop and forward/rewind
without any problems. For features supporting macro-level
activities, one could also expect skilled use of these features
to locate specific information. However, research with text-
books (Rouet & Coutelet, 2008; Yussen et al., 1993) left
unresolved, how these processes can be incorporated in
superordinate tasks like gathering information from multiple
sections of a medium.

5. Overview of the studies

Although digital videos that include interactive features are
widespread, for example in the form of DVDs containing
educational movies or in the form of streaming videos over
the internet, and although they have fundamentally changed
the basic characteristics of films, the impact of specific inter-
active features on information processing and knowledge
acquisition has received only scarce empirical attention so far.
The two studies presented here are intended as a contribution
to fill this gap.

In Study 1, the information processing activities of 12th and
13th grade students learning with either a common digital
video providing support for micro-level activities, an enhanced
digital video providing support for both micro-level and
macro-level activities, or an illustrated textbook were analyzed
on the basis of detailed log-files and video protocols. In order
to evaluate whether the findings could be generalized to
realistic learning settings, a second quasi-experimental study
was conducted, in which students in the 11th and 13th grades
were required to prepare a homework assignment either with
a common video, with an enhanced video, or with an illus-
trated textbook. We opted for a maximum parallelization of
the two studies to combine the advantages of laboratory and
field settings to gain ecologically valid evidence (Study 2) that
can be related to process data (Study 1). Therefore, no changes
were implemented between the two studies.
5.1. Research questions e hypotheses
Overall, we formulated three hypotheses concerning our
research questions about the spontaneous use of the interactive
features implemented in the media (Research Question 1) and
the relationship between the different media (Research
Question 2). As both studies should yield comparable results,
the same hypotheses were formulated for both studies.

Concerning the spontaneous use of interactive features
implemented in the media (Research Question 1), it was
hypothesized that similar to the findings of Schwan and
Riempp (2004) for procedural learning, the participants of
the present study would spontaneously make use of the
possibilities for micro-level activities while working through
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the videos in order to acquire declarative knowledge and fulfill
the essay task (Hypothesis 1). Because Rouet and Coutelet
(2008) as well as Yussen et al. (1993) found spontaneous
use of features enabling macro-level activities when partici-
pants located information in textbooks, we also expected
spontaneous use of the table of contents and the index.

Concerning the relationship of the different media
(Research Question 2), we formulated two hypotheses. The
first hypothesis about the relationship of the different media is
concerned with the effects of different levels of interactivity on
learning with videos. Whereas the positive effect of features
supporting micro-level interactivity has already been demon-
strated by Schwan and Riempp (2004) and Zahn et al. (2004)
for videos and by Hasler et al. (2007) for animations, the
current studies also address the additional effects of features
for macro-level interactivity on learning. Based on findings
from empirical studies showing that features, such as an index,
support locating information (Yussen et al., 1993) and that
locating information efficiently predicts efficient information
processing positively (Guthrie, 1988), we hypothesized that
the enhanced video, affording features for micro-level activi-
ties as well as macro-level activities, should outperform the
common video, merely affording features for micro-level
activities (Hypothesis 2).

The second hypothesis about the relationship of the different
media is concerned with the relation of the illustrated textbook
condition to the two video conditions. Because the illustrated
textbook afforded features for micro-level and macro-level
activities and was thus functionally equivalent to the enhanced
video, it should be comparable to the enhanced video and
outperform the common video (Hypothesis 3). Hence, inter-
activity was regarded as the main reason for differences between
the media, whereas the influence of dynamic presentation of
information, multimedia effects, and modality effects (Mayer,
2001; Sweller et al., 1998) was ruled out for various reasons.
First, dynamic visual presentation is said to be especially
beneficial for learning dynamic processes (see Bétrancourt &
Tversky, 2000; Rieber & Kini, 1991). As our materials, on the
other hand, required declarative learning rather than procedural
learning, we did not assume any positive effect of the dynamic
nature of videos. Second, multimedia effects would predict the
superiority of text plus pictures over text alone (Mayer, 2001). In
particular, the dual-coding theory supports this expectation. This
theory assumes that verbal and pictorial codes are processed in
two functionally independent but interconnected channels and
integrated in a subsequent step (Paivio, 1969, 1971). When the
verbal and the pictorial contents are complementary and overlap,
they serve as mutual retrieval cues, which in turn enhance recall
performance. However, the assumption of a multimedia effect in
our study is critical as our textbook was illustrated with central
screenshots from the video. Third, the modality principle would
predict the superiority of pictures plus spoken text over pictures
plus written text. However, recent research has revealed that
modality effects only occur when short texts accompany the
pictures (transitory information effect; Leahy & Sweller, 2011).
Thus, we did not expect a modality effect because the text in our
study was rather long.
6. Study 1

The goal of the first study was to analyze the patterns of
learning activities that occur with two different types of
digital interactive videos and to compare them to the
respective patterns that occurred using an illustrated text-
book. The two types of videos differed with respect to the
activities they allowed for. The common video provided
features that are typical for the present state of digital videos,
including start/stop and forward/rewind, and thus allowed the
learners to engage in micro-level activities for processing its
contents. In contrast, besides support for micro-level activi-
ties, the enhanced video additionally included an interactive
table of contents and an interactive index, thus providing
opportunities for macro-level activities as well. By using the
history of Germany from 1945 to 1950 as a content domain,
participants were given the task of working through the video
or text, respectively, in order to write three short essays.
During the task, the participants were videotaped. Also, in the
two video conditions, the actions of the users were recorded
in log-files.
6.1. Method

6.1.1. Participants and design
Sixty students (31 female, 29 male) from the 12th and 13th

grades of German secondary schools participated in the study.
They received V24 for participation. The students’ age aver-
aged at 18.20 years (SD ¼ 0.78). Twenty students were
randomly assigned to each of the experimental conditions
representing the three levels of the between-subjects factor
medium (common video vs. enhanced video vs. illustrated
textbook).
6.1.2. Materials

6.1.2.1. Types of media. The original film used in the reported
studies was an educational film about the political and
economic situation in post-war Germany after World War II
(FWU, 2003). The film lasted 16 min and 24 s and compared
the US-American, British, French, and Soviet zones of
occupation as well as the implementation of the Potsdam
Treaty in these zones, finally leading to the division of
Germany into two different countries. The film was divided
into ten chapters using mainly original audiovisual documents
with a voice-over commentary. Additionally, animated maps
were used to illustrate the change of Germany’s borders over
the years. In general, there was a high overlap of verbal and
pictorial information. The film was recommended for educa-
tion in the 8th to 13th grades and for adult education.
Therefore, its contents can be considered to be rather
complex.

Based on this original film, we created three different types
of media: a common video, an enhanced video and an illus-
trated textbook. Fig. 1 gives an overview of the different
media.



Fig. 1. An overview of the three different types of media: common video, enhanced video, illustrated textbook. Notes: A ¼ video running time, B ¼ time left to

work with the video, C ¼ interactive features. The pictures in this figure were taken from Deutsches Bundesarchiv, IWMCollections, and National Archives and

Records Administration.
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The common video offered its users a range of interactive
features allowing for micro-level activities. Analogous to the
features of a regular VHS tape, a start-/stop-, a forward and
a rewind button were implemented in the video. The time for
working with the video was limited to 90 min. The common
video included indicators for the time left to work and the
video running time.

The enhanced video offered its users a range of interactive
features that supported both micro-level as well as macro-level
activities. This included a start-/stop-button, and a timeline that
the user could navigate via a slider. The timeline was divided
into ten sections representing the chapters of the video that
could be chosen by clicking the respective section on the
timeline. In addition, the users could also navigate through the
video via a table of contents and an index that were both
available via a main menu. The table of contents listed the ten
chapters of the video in chronological order; the index listed the
central key terms in alphabetical order. While the video was
playing, the chapter name and chapter number were shown
above the video and the central key terms were shown on the left
of the video. We also implemented indicators for the time left to
work (time limit: 90 min) and the video running time.

The third medium was an illustrated textbook (46 pages),
which served as a printed control condition. To achieve
maximum comparability of the contents of the different media,
several measures were taken. First, the illustrated textbook
consisted of a literal transcription of the video’s audio trace.
This procedure is in line with the efforts of previous media
comparisons to establish content-equivalence of themedia (e.g.,
Furnham et al., 2002; Walma van der Molen & van der Voort,
2000). Second, the text was illustrated with a set of 42 screen-
shots from the video. The selection of the appropriate screen-
shots was based on the choices made by ten independent raters
who rated the screenshots for being representative of the video’s
content. Third, the illustrated textbook was fitted with features
equivalent to the enhanced video, establishing both micro-level
as well as macro-level activities. It contained a table of contents
and an index. The chapter name and chapter number were
printed on top of the pages; the central key terms were printed to
the right of the text. The same labels for chapters, the index, and
central key terms as in the enhanced video were used.

6.1.3. Measures

6.1.3.1. History-related interest and self-concept. History-
related interest was assessed using an adaption of a procedure
developed by Sparfeldt, Rost, and Schilling (2004). On a scale
from 1 (very low) to 6 (very high), the participants were asked
to indicate their agreement to eight statements about their
interest in history. The items were averaged to obtain an
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overall value for history-related interest. Sample items are “I
could imagine studying history.” or “After a long weekend or
holiday, I look forward to history classes.”. Sparfeldt et al.
(2004) report an a between 0.93 and 0.94 for the subjects
mathematics, German, physics, and English

To assess the participants’ history-related self-concept, we
used the DISC-Grid (Differential Self-Concept-Grid; Rost &
Sparfeldt, 2002). On a scale from 1 (very low) to 6 (very
high), participants had to indicate their agreement to eight
statements concerning their self-concept in history. The items
were averaged to get an overall value for history-related self-
concept. Sample items for this scale are “It’s easy to have good
grades in history.” or “For me, it’s easy to solve problems in
history.” Rost and Sparfeldt (2002) report an a of 0.94 for this
scale.

6.1.3.2. Reading strategies. We assessed reading strategies to
control for individual differences in this respect. For this
purpose, we used the Würzburger-Lesestrategie-Wissenstest
für die Klassen 7e12 (WLST 7e12; Test of Reading Strate-
gies for Grades 7e12; Schlagmüller & Schneider, 2007). The
WLST 7e12 is a scenario-based procedure that tests for
appropriate reading strategies for understanding texts. During
this procedure, the students do not actively engage in a reading
task. Instead, they rate several solutions for six reading
scenarios that include appropriate strategies for understanding
texts as well as for handling unfamiliar words. For each
scenario, five to seven solutions are rated on a 6-point scale
from 1 (very good) to 6 (insufficient). Thereby, the same
ratings can be given for several solutions. The final score of
the WLST 7e12 is calculated by multiple pairwise compari-
sons of the participants’ ratings of the solutions to the reading
scenarios. Participants could achieve a maximum of 80 points
in this procedure. An a of 0.88 is reported in the test’s manual.
Since we used the WLST 7e12 to identify differences
between our experimental conditions instead of using the
norms of the procedure to classify participants as good or poor
readers, the use of this procedure in grade 13 can be consid-
ered unproblematic.

6.1.3.3. Media experience. For the assessment of the partici-
pants’ media experience, participants filled in seven items
asking for the frequency of their usage of different media such
as video, DVD or computers. The participants gave their
answers on a 5-point scale with the labels nearly everyday,
several times a week, between once a week and once a month,
less than once a month, and never. The items were coded so
that 0 marked the minimum (never) and 4 marked the
maximum (nearly everyday). However, an a of 0.38 in the two
reported studies has to be considered very low, not to say
unacceptable.

6.1.3.4. Prior knowledge. To assess prior knowledge, the
students completed a test covering events from recent and
most recent history. In this test, they were asked to assign 24
events to one of ten 25-year time slots between 1750 and 1999.
Participants received 1 point for each correctly placed event,
so that a maximum of 24 points was possible. We chose to
assess prior knowledge that goes far beyond the time span of
our experimental materials in order to avoid priming of
selective information processing. The prior knowledge test
contained events that are a part of local school curricula (e.g.
the declaration of human rights in France) as well as events
that are closely related to our learning materials (e.g. the
foundation of the German Democratic Republic). Hence, the
scores in the prior knowledge test should reflect the partici-
pants’ relevant knowledge about history. In a preliminary
study with 21 student participants from a German university
(average age ¼ 20.71, SD ¼ 1.59), a for the final test version
was 0.84.

6.1.3.5. Usage patterns. In the two video conditions, we
recorded log-files to obtain an insight into the students’ usage
patterns. The log-files revealed information about the
frequency of use of the interactive features.

For the common video, browsing was measured by the
frequency of the use of forward and rewind. The count for
browsing was raised by 1 each time either one of the two
features was pushed, held and released. The count for the use
of stop was raised by 1 each time the feature was used.

For the enhanced video, browsing was operationalized
through the frequency of the use of the slider. The count for
browsing was raised by 1 each instance the slider was moved
and released. The count for table of contents was raised by 1
each time a chapter was selected via the table of contents or
via the slider bar. The count for index was raised by 1 each
instance an item was selected in the index. The count for the
use of stop was raised by 1 each time this feature was used.

To obtain analogous data for the illustrated textbook
condition, all participants were videotaped with two cameras
while working with the medium. Two independent raters rated
the video recordings for use of browsing, table of contents, and
index. The count for browsing was raised by 1 each time
a person browsed through at least two pages in a row. The
count for the use of the table of contents was raised by 1 each
time the participants consulted the table of contents and
showed clear signs of searching in the book afterward. The
count for the use of the index was raised by 1 each time the
participants referred to the index and showed clear signs of
searching in the book afterward. This method was chosen to
maximize comparability with the enhanced video. In the
enhanced video condition, the count for table of contents and
for index was only raised by 1 when a chapter or an item in the
index was actually selected.

6.1.3.6. Knowledge acquisition. Knowledge acquisition was
assessed in two ways: via a multiple choice test after working
with the medium and via three essays that were written while
working with the medium. Whereas the multiple choice test
reflected retention, the essays served as indicators for the
participants’ efficiency in extracting relevant knowledge from
the media.

The multiple choice test consisted of 15 items with five
alternative answers each. The test items were derived from the
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verbal contents of the media as well as from the information
presented in the maps. For all items, one to three answers were
correct. Participants received 1 point for selecting correct
answers and 1 point for not selecting false answers. Thus,
a maximum of 75 points was attainable. Please refer to Table 1
for a sample item. In a preliminary study with 21 student
participants from a German university (average age ¼ 20.71,
SD ¼ 1.59), a for the final test version was 0.71.

In the process of working with the media, the participants
had to accomplish three open-ended essay tasks. These tasks
were selected after a comprehensive consultation of several
books intended to prepare students for their final exams
(Frielingsdorf, 2004; Wilmes, 1997) and were thus compatible
with local standards for history education (Ministerium für
Jugend, Kultus und Sport Baden-Württemberg, 2004). In the
essays, the participants were asked to (1) describe the situation
in Post-War Germany, (2) describe how the Potsdam Treaty
was implemented in the different occupation zones and (3)
appraise whether the division of Germany was predictable
from the events between 1945 and 1949. Each essay covered
multiple chapters of the medium. Whereas Essay 1 and 2
required the participants to collect information from the
medium, Essay 3 additionally required the participants’
inferences. To quantify the data, a coding scheme was devel-
oped from expert answers offered in the books that were
consulted.

The coding scheme contained all the facts that could have
been gathered from the ten different chapters of the medium to
answer the essay tasks. Each fact was represented by a unique
code that could be ascribed to the participants’ essays. Each
code was only considered once per essay. The number of
unique codes was 33, 48 and 53 for Essay 1, 2 and 3,
respectively. It was not expected that the participants mention
all the facts that could have potentially been coded. All the
codes were weighted equally.

To obtain the participants’ values for the number of facts,
the codes were counted for each essay and then summed up for
the final score. To obtain the participants’ values for the
distribution of facts, the chapters from which the facts were
retrieved were counted. Each chapter was only considered
once per essay; however, chapters could be considered
multiple times when the scores for the individual essays were
summed up and divided by three to arrive at the final score for
the distribution of facts across the medium.
Table 1

One sample item from the multiple choice knowledge test. Correct answers are

printed in bold letters.

Which of the statements about the Potsdam Conference and the Potsdam

Treaty regulating the treatment of the defeated Third Reich are correct?

France’s exit of the Allied Control Council was sealed.

The Allies established that Germany should be regarded as one economic

unit during the time of occupation.

Germany should be maintained as a unitary state and not be divided into

independent states.

The decision to prosecute the main men in charge of the war was

commonly implemented by the Allies.

Great Britain did not participate in the Potsdam Conference.
The coding schemes were verified and modified by two
independent raters during the first coding trials. Raters used
Microsoft Word to assign codes to the essays. The inter-rater-
correlations were 0.91 for number of facts and 0.77 for
distribution of facts, both p < .001. Disagreements were
resolved by discussion.

6.1.3.7. Subjective appraisal of the learning process with the
medium. Paechter, Maier, and Grabensberger (2007) devel-
oped a questionnaire to assess an individual’s appraisal of
learning processes with media. We adapted several items of
this questionnaire for our purpose. Six items (a ¼ .67 for the
two reported studies) assessed media-supported expertise
acquisition in the knowledge domain (e.g., “I think the inter-
active video supports individual learning processes.”) and five
items (a ¼ .84 for the two reported studies) assessed expertise
acquisition in using the medium (e.g., “I think I have learned
something about interactive media”.). The participants rated
the items on a 5-point scale from 1 (fully agree) to 5 (fully
disagree).

6.1.4. Procedure
The experiment took place in our research lab. After the

participants’ arrival, demographic data, media experience,
history-related interest and self-concept as well as prior
knowledge were assessed. After an introduction of the
different media, the participants in the video conditions had
the opportunity to practice the use of the respective interactive
features (time limit: 8 min) without any guidance offered by
the experimenter. The video used for practice was not related
in content to the experimental video. After the introduction to
the different media, the participants were given the common
video, the enhanced video, or the illustrated textbook for
a maximum of 90 min. While working with the medium, the
participants had to write three essays covering the transmitted
contents. Participants in all conditions received a written
source document about the Potsdam Treaty that provided them
with additional information while writing the essays (taken
from Frielingsdorf, 2004). After working with the medium, the
participants were given a multiple choice test to assess their
knowledge of media content and a test to assess reading
strategies (WLST 7e12). Further, students were asked for an
appraisal of their learning processes with the medium. The
entire experiment took about 3 h.
6.2. Results
All post-hoc comparisons reported in the subsequent
section were Bonferroni-adjusted.

6.2.1. Control variables
The students in the different conditions did not differ as

regards to history-related interest, F < 1, and self-concept,
F(2,57) ¼ 2.37, p ¼ .103, hp

2 ¼ .08, prior knowledge,
F < 1, and media experience, F < 1. However, there was
a marginal effect of reading strategies, F(2,53) ¼ 3.07,
p ¼ .055, hp

2 ¼ .10. Because reading strategies did not



Table 2

Means (with standard deviations in parentheses) for the control variables.

Medium History-related interest History-related self-concept Prior knowledge Reading strategies Media experience

Common video 3.43 (0.90) 3.80 (0.78) 9.90 (3.78) 71.79 (4.37) 1.91 (0.34)

Enhanced video 3.77 (0.99) 4.29 (0.85) 10.65 (4.79) 68.75 (5.39) 1.96 (0.41)

Illustrated textbook 3.41 (1.16) 3.72 (1.04) 10.50 (5.56) 67.06 (7.55) 1.98 (0.42)

Total 3.54 (1.02) 3.94 (0.92) 10.35 (4.70) 69.27 (6.05) 1.95 (0.39)
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correlate with any of the dependent variables, all ps > 0.127,
we did not include reading strategies as a covariate in the
analyses. Degrees of freedom vary, because we have excluded
the values of four participants performing at least three stan-
dard deviations below mean from the analysis for reading
strategies. Please see Table 2 for descriptive data.

6.2.2. Usage patterns
Table 3 shows that the participants in the common video

condition made extensive use of its features supporting micro-
level activities. While working through the video, they regu-
lated their viewing pace by means of the stop-button
(M ¼ 33.65, SD ¼ 17.35) and also browsed through the
video by means of the forward/rewind buttons (M ¼ 17.90;
SD ¼ 9.77). Similarly, the participants in the enhanced video
condition also made use of its micro-level interactive features.
Again, they made use of the stop-button (M ¼ 17.20,
SD ¼ 15.01) as well as of the slider that allowed for browsing
(M ¼ 10.20, SD ¼ 7.11). Nevertheless, a 2 � 2 ANOVA
comparison of the enhanced video and the common video with
regard to browsing and stopping revealed a main effect of
medium, F(1,38) ¼ 11.23, p ¼ .002, hp

2 ¼ .23, showing that
these features were used significantly more often in the
common video condition (M ¼ 51.55, SD ¼ 24.93) than in
the enhanced video condition (M ¼ 27.40, SD ¼ 20.43). The
lower frequency of micro-level activities in the enhanced
video condition can be attributed possibly to the additional use
of the macro-level features, in particular the table of contents
(M ¼ 6.95, SD ¼ 4.24) and the index (M ¼ 1.90, SD ¼ 3.57).
In other words, the participants in the enhanced video condi-
tion spontaneously used both its micro-level and macro-level
features to work through the video, albeit the latter to
a lesser extent. Additionally, there was a main effect of type of
interactive feature, F(1,38) ¼ 33.81, p < .001, hp

2 ¼ .47, with
stopping (M ¼ 25.43, SD ¼ 18.05) being more frequently used
than browsing (M ¼ 14.05, SD ¼ 9.29). This highlights the
participants’ need to control the pace of the information flow,
which is a problem that is particularly relevant for transient,
Table 3

Means (with standard deviations in parentheses) for the frequency of use for

the features of the media.

Medium Feature

Micro-level activities Macro-level activities

Stop Browsing Table of

contents

Index

Common video 33.65 (17.35) 17.90 (9.77) e e

Enhanced video 17.20 (15.01) 10.20 (7.11) 6.95 (4.24) 1.90 (3.57)

Illustrated textbook e 7.80 (4.24) 0.38 (0.72) 0.08 (0.24)
dynamic media presentations (Chandler, 2004; Mayer &
Chandler, 2001). There was also a significant interaction
between the factors medium and feature, F(1,38) ¼ 5.00,
p ¼ .031, hp

2 ¼ .12. Even though both the stop and browsing
features were used significantly more often in the common
video than in the enhanced video (stop: p ¼ .003; browsing:
p ¼ .007), the difference for the use of the stop-button between
the two media (common video: M ¼ 33.65, SD ¼ 17.35;
enhanced video: M ¼ 17.20, SD ¼ 15.01) was larger than the
difference for the use of the respective browsing features
between the two media (common video: M ¼ 17.90,
SD ¼ 9.77; enhanced video: M ¼ 10.20, SD ¼ 7.11).

In order to determine the frequency of comparable activities
for the illustrated textbook condition, the video recordings of the
learners’ behavior were analyzed by two independent raters. The
correlations of the independent ratingswere 0.72 ( p< .001), 0.78
( p< .001), and 0.69 ( p¼ .001) for the use of browsing, table of
contents and index, respectively. With regard to micro-level
activities, the frequency of flipping through pages was deter-
mined as an indicator of browsing. Page flipping occurred with
a mean of 7.80 (SD ¼ 4.24), whereby it should be kept in mind
that the comparability of the illustrated textbook and the two
video conditions is limited, as browsing in the video conditions
also included browsing within a page whereas this was not the
case for the illustrated textbook. Without using eye-tracking
methods, there is no way to assess browsing within a page
when reading printed texts in a textbook format. As a result, the
count for browsing in the textbook condition is underestimated in
comparison to the count of browsing in the two video conditions.
Further, both the use of table of contents and of index was
determined for the illustrated textbook,whichwas both extremely
low (M ¼ 0.38, SD ¼ 0.72 for table of contents; M ¼ 0.08,
SD ¼ 0.24 for index). A 2 � 3 (Medium [illustrated textbook,
enhanced video]� Feature [browsing, table of contents, index])-
factorial ANOVA with feature as a within-subjects factor was
calculated. As the sphericity assumption was violated in this
ANOVA, theGreenhouseeGeisser corrected values are reported.
There was a main effect of feature, F(1.69,64.06) ¼ 42.69,
p < .001, hp

2 ¼ .53. Post-hoc analyses revealed that browsing
(M ¼ 9.00, SD ¼ 5.91) was used more often than the table of
contents (M¼ 3.66, SD¼ 4.48), p< .001, which in turnwas used
more often than the index (M¼ 0.99, SD¼ 2.66), p¼ .001. There
also was a significant main effect for medium, F(1,38) ¼ 20.77,
p < .001, h2p ¼ .35. The features of the enhanced video
(M¼ 19.05. SD¼ 9.72) were usedmore often than the respective
features of the illustrated textbook (M ¼ 8.25, SD ¼ 4.22). This
pattern was qualified by an interaction of the two factors,
F(1.69,64.06)¼ 4.31, p¼ .023,hp

2¼ .10.Whereas therewere no
differences for the use frequency of browsing between the



696 M. Merkt et al. / Learning and Instruction 21 (2011) 687e704
enhanced video and the illustrated textbook, p¼ .203, there were
significant media differences for the use frequency of the table of
contents, p < .001, and the index, p ¼ .028, with the respective
features being used more often in the enhanced video condition.
Please refer to Table 3 for descriptive data.

6.2.3. Knowledge acquisition
Table 4 gives an overview of the descriptive data for the

knowledge acquisition measures. Regarding the multiple
choice knowledge test, a one-factorial ANOVAwith the three-
leveled factor medium revealed no main effect for the factor
medium, F < 1. The overall achievement on this measure was
57.80 (SD ¼ 5.38; maximum: 75) and can be considered
slightly above average.

The essays were coded for number of facts and for distribu-
tion of facts across the medium by two independent raters. For
number of facts, a one-factorial ANOVAwith the three-leveled
factor medium yielded no significant main effect, F < 1. In
general, the overall number of facts mentioned was 26.53
(SD ¼ 7.03). For the distribution of facts across the medium,
a significant main effect for mediumwas found, F(2,57)¼ 4.82,
p ¼ .012, h2p ¼ .15. The users of the common video (M ¼ 3.93,
SD¼ 0.50) reported facts from significantly more chapters than
the users of the enhanced video (M¼ 3.28, SD¼ 0.74), p¼ .009.
The illustrated textbook (M¼ 3.63, SD¼ 0.73) and the common
video, p ¼ .474, as well as the illustrated textbook and the
enhanced video, p ¼ .301, did not differ.

6.2.4. Subjective appraisal of the learning process with the
medium

Two one-factorial ANOVAs with the three-leveled factor
medium revealed no significant differences in the students’
appraisal of the media with regard to expertise acquisition in
the knowledge domain (M ¼ 2.52, SD ¼ 0.65), F < 1, and
expertise acquisition in using the medium (M ¼ 2.63,
SD ¼ 0.82), F < 1. Descriptively, both values can be
considered average.
6.3. Discussion
In line with the first hypothesis, the results of Study 1
demonstrate that the participants actively controlled the media
presentations by utilizing the various interactive features
provided by the two video versions (Hypothesis 1). This was
true on the local level of the videos, where start/stop and
forward/rewind were used to adapt the pace of presentation to
the momentary cognitive needs as well as for reviewing and
looking back within the video material. Such micro-level
activities were observed both for the common video and the
Table 4

Means (with standard deviations in parentheses) for the measures of knowledge acq

Medium Multiple choice

knowledge test

Number of facts Distri

Common video 57.75 (4.70) 27.95 (5.83) 3.93 (

Enhanced video 57.05 (5.59) 25.25 (8.91) 3.28 (

Illustrated textbook 58.60 (5.93) 26.40 (6.03) 3.63 (

Total 57.80 (5.38) 26.53 (7.03) 3.62 (
enhanced video. Additionally, participants in the enhanced
video condition also used the table of contents and the index
for navigating throughout the video, albeit these features were
used to a lesser extent than the features enabling micro-level
activities. This observation reflects the developmental steps
identified by Rouet and Coutelet (2008) that describe how
students first start with crude strategies of browsing before
they develop skills in the usage of text organizers to search for
information within a medium. As a consequence, it could be
argued that the students relied more frequently on features
supporting less sophisticated strategies when searching for
information. This tendency was pronouncedly stronger for the
illustrated textbook, as the students relied mostly on micro-
level activities for processing the text contents and hardly
used the features for macro-level activities at all.

Even though the table of contents and the index were used,
they did not lead to the superiority of the enhanced video or
the illustrated textbook over the common video. Contrary to
Hypothesis 2, the common video affording micro-level inter-
activity led to a broader distribution of the mentioned facts
across the medium than the enhanced video affording micro-
level and macro-level interactivity. We also failed to verify
Hypothesis 3, as the illustrated textbook did not outperform
the common video. However, as expected, the illustrated
textbook and the enhanced video led to comparable outcomes.
These observations indicate that the use of the table of
contents and the index could not be incorporated into suitable
strategies for gathering comprehensive information from
different sections of the media. Thus, watching the video or
reading the book in a linear fashion and using the stop- and
browsing-features to control the flow of the information might
have been a superior strategy for processing the media as
missing or neglecting information could be prevented. This
assumption is supported by the finding that the common video,
where these two features were used significantly more
frequently, outperformed the enhanced video concerning the
distribution of facts across the medium, reflecting broader and
more comprehensive navigation through the medium.

Because we regard Study 1 and Study 2 as complementary,
further interpretations as well as implications of these results
for future research will be given in the General discussion.
7. Study 2

One could argue that certain characteristics of the experi-
mental situation in Study 1 may have biased the participants to
make extensive use of the videos’ interactive features. In
particular, the study took place in a laboratory setting and may
uisition and the subjective appraisal of the learning process with the medium.

bution of facts Appraisal: expertise

in the knowledge domain

Appraisal: expertise

in using the medium

0.50) 2.43 (0.39) 2.58 (0.80)

0.74) 2.54 (0.90) 2.81 (0.98)

0.73) 2.58 (0.59) 2.51 (0.66)

0.71) 2.52 (0.65) 2.63 (0.82)
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therefore have induced high-demand characteristics. The situa-
tion in a laboratory is different from the situation the students
face at home because the students in the laboratory are shielded
from external interferences and distractions that might challenge
mastering a homework assignment in the real world. Because
the students were videotaped in the laboratory study, they may
have invested more effort than they would have in a realistic
setting not being observed. Conducting the study in our lab
during the students’ leisure time may have additionally led to
a selection bias in favor of highly motivated students taking part
in the laboratory study. These differences between the field and
the laboratory study may reduce the generalizability of our
findings in the laboratory to real world learning experiences.
Thus, the question arises whether students would also benefit
from the interactive features of videos under realistic conditions
at school, when entire classes became the sample.

Therefore, in a quasi-experimental field study, we wanted to
test whether the findings of Study 1 would also be observed in
a regular classroom setting, increasing the external validity of
our research.We chose a homework assignment of writing three
essays (similar to Study 1) as a means to investigate the
students’ work with the different media (common video,
enhanced video, illustrated textbook). It was expected that the
demand characteristics of an everyday homework situation
would be substantially lower than in the laboratory setting of
Study 1. In particular, many students have negative feelings
about homework, probably resulting in as little time and effort
spent on homework assignments as possible. Additionally, time
and effort spent on homeworkmight be considered lost time and
effort for other, more pleasant activities (also seeWarton, 2001).
Thus, the tendency to ignore sections of the medium when the
table of contents and index are present should even increase in
the field study, leading to a similar but even more pronounced
pattern of differences between the media conditions.
7.1. Method

7.1.1. Participants and design
Twelve German history classes from the 11th and the 13th

grade of German secondary schools participated in the study.
The students chose to participate and were not compensated
Table 5

Means (with standard deviations in parentheses) for the control variables.

Medium Grade level N History-related

interest

History-r

self-conc

Common video 11 34 3.59 (1.06) 3.74 (1.0

13 22 3.05 (1.12) 3.37 (1.0

Total 56 3.38 (1.11) 3.59 (1.0

Enhanced video 11 26 3.63 (1.34) 3.51 (1.0

13 12 3.30 (1.24) 3.47 (1.2

Total 38 3.52 (1.30) 3.50 (1.1

Illustrated textbook 11 37 3.30 (1.33) 3.67 (1.2

13 25 2.77 (1.23) 3.30 (1.1

Total 62 3.08 (1.31) 3.52 (1.2

Total 11 97 3.49 (1.24) 3.65 (1.1

13 59 2.98 (1.19) 3.36 (1.1

Total 156 3.30 (1.24) 3.54 (1.1
for their efforts. Altogether, data of 156 (107 female, 49 male)
students were used. The students’ age averaged 17.31 years
(SD ¼ 1.03). Six classes were 11th grade (97 students) and six
classes were 13th grade (59 students). Classes within each
grade level were randomly assigned to the experimental
conditions representing the three levels of the between-
subjects factor medium (common video vs. enhanced video
vs. illustrated textbook). Because grade level is treated as an
independent variable for methodological reasons, the design
can be considered 2 � 3-factorial with the factors grade level
and medium. To control classroom effects statistically, class
was included as a nested factor in the respective analyses.
Please refer to Table 5 or 6 for the distribution of the partic-
ipants (N) over the experimental conditions.
7.1.2. Materials and measures
To maximize comparability of Studies 1 and 2, we used the

same materials and measures in both studies with the excep-
tion of log-files and video recordings, which could not be
implemented in the context of a homework assignment.
Comparable to the procedure described in Section 6.1.3., the
essays written in Study 2 were coded by two independent
raters. Inter-rater-correlations were 0.96 for number of facts
and 0.83 for distribution of facts across the medium, both
p < .001. Disagreements were resolved by discussion. With
regard to the other measures, please refer to Sections 6.1.2.
and 6.1.3 for further details.
7.1.3. Procedure
Study 2 took place in twelve German history classrooms.

The study comprised two history lessons (45 min each) and
a homework assignment. In the first lesson, demographic data,
media experience, history-related interest and self-concept,
and prior knowledge were assessed as control variables.
Next, the students were handed the essay instructions as well
as the written source document about the Potsdam Treaty
(taken from Frielingsdorf, 2004) as a homework assignment.
The video groups were granted access to the video environ-
ments via the schools’ computer networks. Two classes
received DVDs with the video environment, as their school’s
computers did not match the software’s system requirements.
elated

ept

Prior

knowledge

Reading

strategies

Media

experience

Delay

5) 10.82 (4.97) 62.71 (9.04) 2.02 (0.33) 2.44 (1.33)

5) 11.50 (5.83) 65.91 (7.00) 1.86 (0.33) 2.29 (1.49)

6) 11.09 (5.28) 63.96(8.38) 1.96 (0.34) 2.38 (1.38)

5) 9.15 (4.64) 63.96(7.38) 2.06 (0.35) 3.15 (1.74)

7) 12.67 (5.02) 68.00 (8.75) 2.05 (0.24) 3.33 (2.39)

1) 10.26 (4.97) 65.24 (7.95) 2.06 (0.31) 3.21 (1.93)

6) 8.22 (4.01) 59.78 (13.75) 1.97 (0.31) 2.09 (1.65)

6) 10.68 (3.66) 65.20 (6.46) 1.83 (0.40) 2.63 (1.81)

2) 11.17(3.69) 63.92 (6.13) 1.92 (0.36) 2.36 (1.74)

3) 9.38 (4.63) 61.93 (10.78) 2.01 (0.33) 2.57 (1.59)

2) 11.39 (4.81) 66.03 (7.12) 1.89 (0.35) 2.65 (1.85)

3) 10.14 (4.78) 63.48 (9.75) 1.97 (0.34) 2.60 (1.70)
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The illustrated textbooks were handed out to the students. The
students were given one week to finish the homework
assignment. After this week, the second lesson took place. The
students filled in a multiple choice knowledge test about the
contents of the media and the WLST 7-12 to assess their
reading strategies. Finally, they were asked for an appraisal of
their learning processes with the medium. In this context, the
students reported the delay between the time they finished the
homework assignment and the second lesson.
7.2. Results
Because the participants were randomly assigned to the
conditions on class level, the factor class was included in the
analyses as a nested factor to control its statistical impact.
Following the recommendations of Winer (1971) and Crits-
Christoph and Mintz (1991), the factor class was excluded
from the analyses as a nuisance factor when p > .20. All post-
hoc comparisons reported in the subsequent section were
Bonferroni-adjusted.

7.2.1. Control variables
The descriptive data for the control variables can be found

in Table 5. For history-related interest, a 2 � 3 (Grade Level
[11, 13] � Medium [common video, enhanced video, illus-
trated textbook]) efactorial nested ANOVA with class as
a nested factor revealed no main effect of class, F(6,144) ¼
1.31, p ¼ .256, h2p ¼ .05. Therefore, class was excluded from
further analysis. A subsequent 2 � 3-factorial ANOVA
revealed a main effect for grade level, F(1,150) ¼ 4.93,
p ¼ .028, hp

2 ¼ .03. Students in the 11th grade (M ¼ 3.49,
SD ¼ 1.24) were more interested in history than students in the
13th grade (M ¼ 2.98, SD ¼ 1.19). There was no main effect
for medium, F(2,150) ¼ 1.50, p ¼ .226, hp

2 ¼ .02, and no
interaction of grade level and medium, F < 1. Overall
(M ¼ 3.30, SD ¼ 1.24), history-related interest can be
considered average. Because history-related interest correlated
with the results of the multiple choice knowledge test,
r ¼ 0.22, p ¼ .006, it was included in the respective analysis as
a covariate.

For history-related self-concept, a 2 � 3-factorial nested
ANOVA with class as a nested factor revealed no main effect
of class, F < 1. Therefore, class was excluded as a factor from
further analysis. A subsequent 2 � 3-factorial ANOVA
revealed no main effects for grade level, F(1,150) ¼ 1.79,
p ¼ .184, h2p ¼ .01, and medium, F < 1, and no interaction of
the two factors, F < 1. Overall, history-related self-concept
could be considered average (M ¼ 3.54, SD ¼ 1.13).

For delay between homework completion and the second
lesson, a 2 � 3-factorial nested ANOVAwith class as a nested
factor revealed a main effect of class, F(5,129) ¼ 1.59,
p ¼ .167, hp

2 ¼ .06. There was no main effect for medium,
F(2,4.77) ¼ 1.69, p ¼ .278, hp

2 ¼ .42, or grade level, F < 1,
and no interaction of the two factors, F < 1. The observed
mean delay was 2.60 days (SD ¼ 1.07). Because delay
correlated with the appraisal of the medium as regards to
expertise acquisition in using the medium, r ¼ �0.18,
p ¼ .029, it was included in the respective analysis as
a covariate. Degrees of freedom for delay differ from other
variables, because some students did not fill in the item asking
for delay.

For prior knowledge, a 2 � 3-factorial nested ANOVAwith
class as a nested factor revealed class differences,
F(6,144) ¼ 2.61, p ¼ .020, hp

2 ¼ .10. There was no main
effect for medium, F < 1, or grade level, F(1,6.67) ¼ 2.50,
p ¼ .160, hp

2 ¼ .27, and no interaction of the two factors,
F < 1. Regarding a maximum of 24 available points, overall
prior knowledge of the students could be considered average
(M ¼ 10.14, SD ¼ 4.78). Because prior knowledge correlated
with the results of the multiple choice test, r ¼ 0.41, p < .001,
and the distribution of facts across the medium, r ¼ 0.17,
p ¼ .031, it was included in the respective analyses as
a covariate.

For reading strategies, a 2 � 3-factorial nested ANOVA
with class as a nested factor revealed a main effect of class,
F(6,144) ¼ 3.22, p ¼ .005, hp

2 ¼ .12. There was no main
effect for medium, F < 1, or grade level, F(1,6.54) ¼ 3.23,
p ¼ .118, hp

2 ¼ .33, and no interaction of the two factors,
F < 1. With an overall value of 63.48 (SD ¼ 9.75), the
students’ knowledge of reading strategies could be considered
high (maximum: 80). Because reading strategies correlated
with the number of facts named, r ¼ 0.25, p ¼ .002, and the
distribution of facts across the medium, r ¼ 0.26, p ¼ .001, it
was included in the respective analyses as a covariate.

For media experience, a 2 � 3-factorial nested ANOVA
with class as a nested factor revealed no main effect of class,
F < 1. Therefore, class was excluded from further analysis. A
subsequent 2 � 3-factorial ANOVA revealed no main effects
for medium, F(2,150) ¼ 2.16, p ¼ .119, h2p ¼ .03, and no
interaction of the two factors, F < 1. There was a marginal
effect for grade level, F(1,150) ¼ 3.21, p ¼ .075, hp

2 ¼ .02,
with the students in 11th grade (M ¼ 2.01, SD ¼ 0.33)
reporting more media experience than the students in 13th
grade (M ¼ 1.89, SD ¼ 0.35). The students’ overall media
experience could be considered average (M ¼ 1.97; SD ¼
0.34). Because media experience was negatively correlated
with the results of the multiple choice test, r ¼ �0.16,
p ¼ .046, it was included in the respective analysis as
a covariate.

7.2.2. Knowledge acquisition
Table 6 summarizes the descriptive data for the knowledge

acquisition measures. For the multiple choice knowledge test,
a 2 � 3-factorial nested ANCOVAwith class as a nested factor
and prior knowledge, history-related interest and media
experience as covariates revealed significant differences
between the classes within the conditions, F(6,141) ¼ 2.76,
p ¼ .015, hp

2 ¼ .11. There were no significant main effects for
grade level, F < 1, and medium, F(2,6.46) ¼ 1.55, p ¼ .282,
hp

2 ¼ .32, nor interactions between the two factors, F < 1.
There were effects for prior knowledge, F(1,141) ¼ 25.87,
p < .001, hp

2 ¼ .16, history-related interest, F(1,141) ¼ 12.64,
p ¼ .001, h2p ¼ .08, and media experience, F(1,141) ¼ 6.58,
p ¼ .011, hp

2 ¼ .05. Overall, the participants’ scores in the



Table 6

Means (with standard deviations in parentheses) for the measures of knowledge acquisition and the subjective appraisal of the learning process with the medium.

Medium Grade level N Multiple choice

knowledge test

Number

of facts

Distribution

of facts

Appraisal: expertise

in the knowledge domain

Appraisal: expertise

in using the medium

Common video 11 34 54.26 (5.64) 18.12 (8.82) 2.66 (0.95) 2.22 (0.51) 3.14 (0.87)

13 22 54.05 (5.79) 20.32 (7.01) 2.76 (0.72) 3.03 (1.33) 3.18 (0.84)

Total 56 54.18 (5.65) 18.98 (8.16) 2.70 (0.86) 2.54 (0.99) 3.15 (0.85)

Enhanced video 11 26 48.46 (4.99) 15.15 (9.71) 1.86 (1.07) 2.46 (0.83) 2.71 (0.95)

13 12 52.50 (7.01) 16.17 (6.87) 2.44 (0.74) 2.53 (0.38) 3.47 (0.80)

Total 38 49.74 (5.92) 15.47 (8.83) 2.04 (1.01) 2.48 (0.71) 2.95 (0.96)

Illustrated textbook 11 37 50.19 (6.39) 13.73 (7.10) 1.77 (0.88) 2.88 (0.73) 3.00 (0.58)

13 25 51.04 (6.93) 18.48 (6.06) 2.35 (1.03) 2.51 (0.82) 3.03 (1.10)

Total 62 50.53 (6.57) 15.65 (7.05) 2.01 (0.98) 2.18 (1.04) 3.02 (0.87)

Total 11 97 51.15 (6.20) 15.65 (8.59) 2.11 (1.03) 2.54 (0.74) 2.96 (0.84)

13 59 52.46 (6.57) 18.69 (6.65) 2.52 (0.88) 2.71 (1.00) 3.18 (0.95)

Total 156 51.65 (6.35) 16.80 (8.03) 2.26 (0.99) 2.60 (0.85) 3.05 (0.89)
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multiple choice knowledge test (M ¼ 51.65, SD ¼ 6.35) could
be considered average.

The essays were coded for number of facts and for distri-
bution of facts across the medium. For number of facts,
a 2 � 3-factorial nested ANCOVAwith class as a nested factor
and reading strategies as a covariate revealed no significant
class differences, F < 1. Therefore, the factor class was
excluded from further analysis as a nuisance factor. A subse-
quent 2 � 3-factorial ANCOVA with reading strategies as
a covariate revealed a significant main effect of medium,
F(2,149) ¼ 3.10, p ¼ .048, hp

2 ¼ .04. The students using the
common video (M ¼ 18.98, SD ¼ 8.16) named marginally
more facts than the students using the enhanced video
(M ¼ 15.47, SD ¼ 8.83), p ¼ .076. Common video and
illustrated textbook (M ¼ 15.65, SD ¼ 7.05), p ¼ .166, as well
as enhanced video and illustrated textbook did not differ,
p ¼ 1. The main effect of grade level, F(1,149) ¼ 2.05,
p ¼ .154, hp

2 ¼ .01, and an interaction of medium and grade
level, F < 1, were not statistically significant. There was an
effect of reading strategies, F(1,149) ¼ 7.06, p ¼ .009,
hp

2 ¼ .05.
For distribution of facts across the medium, a 2 � 3-

factorial nested ANCOVA with class as a nested factor and
reading strategies and prior knowledge as covariates revealed
no significant class differences, F(6,142) ¼ 1.22, p ¼ .298,
hp

2 ¼ .05. Therefore, the factor class was excluded from
further analysis. A subsequent 2 � 3-factorial ANCOVA with
reading strategies and prior knowledge as covariates yielded
a significant main effect of medium, F(2,148) ¼ 6.65,
p ¼ .002, hp

2 ¼ .08. The participants using the common video
(M ¼ 2.70, SD ¼ 0.86) named facts from more different
chapters than the participants using the enhanced video
(M ¼ 2.04, SD ¼ 1.01), p ¼ .011, and the participants using
the illustrated textbook (M ¼ 2.01, SD ¼ 0.98), p ¼ .005.
Enhanced video and illustrated textbook did not differ, p ¼ 1.
The main effect of grade level, F(1,148) ¼ 2.41, p ¼ .123,
hp

2 ¼ .02, and an interaction of medium and grade level,
F < 1, were not statistically significant. There was an effect
for reading strategies, F(1,148) ¼ 10.10, p ¼ .002, hp

2 ¼ .06,
and a marginally significant effect for prior knowledge,
F(1,148) ¼ 2.83, p ¼ .094, hp

2 ¼ .02.
7.2.3. Subjective appraisal of the learning process with the
medium

A 2 � 3-factorial nested ANOVA with class as a nested
factor was calculated for the participants’ subjective appraisal
of the medium with regard to expertise acquisition in the
knowledge domain. The analysis revealed a main effect for
class, F(6,144) ¼ 2.68, p ¼ .017, hp

2 ¼ .10. The main effects
for medium and grade level, both F < 1, as well as the
interaction of the two factors, F(2,6.45) ¼ 3.35, p ¼ .101,
hp

2 ¼ .51, did not reach statistical significance. Participants’
overall appraisal of the media with regard to expertise acqui-
sition in the knowledge domain can be considered average
(M ¼ 2.60, SD ¼ 0.85).

With regard to expertise acquisition in using the medium,
a 2 � 3-factorial nested ANCOVAwith class as a nested factor
and delay as a covariate revealed no significant main effect for
class, F < 1. Therefore, class could be considered a nuisance
factor and be excluded from further analysis. A subsequent
2-�-3-factorial ANCOVA with delay as a covariate revealed
no main effect for medium, F < 1, but a marginal main effect
of grade level, F(1,133) ¼ 3.72, p ¼ .056, hp

2 ¼ .03, with the
11th graders (M ¼ 2.96, SD ¼ 0.84) considering the media
less useful than 13th graders (M ¼ 3.18, SD ¼ 0.95) regarding
expertise acquisition in using the medium. There was no
interaction of medium and grade level, F(2,133) ¼ 2.13,
p ¼ .122, hp

2 ¼ .03. The analysis revealed an effect for delay,
F(1,133) ¼ 4,71, p ¼ .032, hp

2 ¼ .03. The students’ overall
appraisal of the media with regard to expertise acquisition in
using the media can be considered average (M ¼ 3.05,
SD ¼ 0.89).
7.3. Discussion
In Study 2, depending on the medium at hand, students
wrote essays that differed both in the number of facts they
included and also in the distribution of facts across the
learning material. Descriptively, students who worked with the
common video received the highest scores for both measures.
More specifically, the distribution of facts used for the essays
revealed a significant advantage for the common video over
both the illustrated textbook and the enhanced video, whereas



700 M. Merkt et al. / Learning and Instruction 21 (2011) 687e704
the latter two did not differ significantly. Also, regarding the
number of facts mentioned in the essays, the common video
was marginally better than the enhanced video, but did not
differ from the illustrated textbook. The enhanced video and
the illustrated textbook did not differ in this aspect either.
Thus, in line with our expectations, the differences between
the different media used were more pronounced under the
realistic conditions of a homework assignment in Study 2 than
under the laboratory conditions in Study 1, showing a clearer
pattern of superiority of the common video over the media that
offered a table of contents and an index. The general tendency
for the superiority of the common video over the enhanced
video was consistent over both studies. However, there was no
media difference for the multiple choice knowledge test.

8. General discussion

In this section, we will offer interpretations, implications,
and limitations of the two reported studies.
8.1. Interpreting the results of the two studies
Two complementary studies conducted under internally
valid conditions in the laboratory (Study 1) as well as under
ecologically valid conditions in the field (Study 2) showed that
videos were comparable or even superior to traditional text-
books. These results are explained by the interactivity afforded
by both video conditions. So how is it that the interactive
videos were comparable or even superior to print? As a start-
ing point, recall that the single steps postulated by Guthrie
(1988) were: (1) formulating a reading goal, (2) identifying
relevant sections of the text and sequencing their inspection,
(3) extracting details from the text, (4) integrating the details
with prior knowledge, and (5) recycling the postulated steps
until the reading goal is met. Providing support for these steps,
the features of the enhanced video were well suited to help
identify relevant sections of the text/video and to sequence the
inspection of the identified parts via the table of contents and
the index. Both videos additionally offered features supporting
the extraction of details from the text/video, for example, by
stopping the video in order to write down important
information.

In accordance with our first hypothesis (Hypothesis 1),
Study 1 has shown that features of interactivity such as start/
stop, slider and forward/rewind enabling micro-level activities
are used spontaneously when participants are trying to acquire
declarative knowledge. This is in line with the observations of
Schwan and Riempp (2004) for procedural knowledge. When
participants learned to tie nautical knots, they also spontane-
ously used features such as start/stop and forward/rewind to
regulate the pace of presentation. These findings reflect the
need of the learners to match the pace of information
presentation to their own cognitive needs (Chandler, 2004;
Mayer & Chandler, 2001) and to avoid loss of important
information (Sturm, 1984). The extensive use of such features
can possibly be explained by the familiarity of these features
derived from everyday video usage, as they are common in
VCRs, DVDs, and online video streaming services. Further,
studies by Coté et al. (1998) and Hyönä et al. (2002) have
shown that adolescent readers typically possess the relevant
micro-level strategies for using these features in an appropriate
manner. Additionally, the features enabling macro-level
activities in the present studies were used in the enhanced
video, but to a lesser extent than the features enabling micro-
level activities. Spontaneous use of these features is in line
with Rouet and Coutelet (2008) and as Yussen et al. (1993)
who identified use of the table of contents and the index
when students were locating information in textbooks.

The second hypothesis (Hypothesis 2) was concerned with
the relation between the common video and the enhanced
video. Both studies failed to confirm our expectation that the
enhanced video should outperform the common video,
because it additionally offered features allowing for macro-
level activities. In contrast, there was a general tendency for
the common video to be superior to the enhanced video across
both studies. This superiority was reflected in the common
video outperforming the enhanced video with regard to the
distribution of facts across the medium (both studies) as well
as the number of facts mentioned in the essays (Study 2).

Our third hypothesis (Hypothesis 3) was concerned with the
relationship of the illustrated textbook and the two video
conditions. We hypothesized that the illustrated textbook
should outperform the common video and be comparable to
the enhanced video. This hypothesis was not supported by the
data. Whereas the illustrated textbook was comparable to the
enhanced video, it was outperformed by the common video on
one measure, namely, the distribution of facts across the
medium in Study 2. Thus, there was at least a slight tendency
for the illustrated textbook to be inferior to the common video,
again pointing to the negative effects of the features support-
ing macro-level interactivity. Thus, different levels of inter-
activity indeed seem to be predominant over other
characteristics of the media.

Considering the spontaneous use of both features for micro-
level and features for macro-level activities, our findings
concerning Hypothesis 2 and Hypothesis 3 argue against the
model postulated by Guthrie (1988). However, one should take
a closer look at the underlying strategies and implications of
the implemented features before criticizing this model.
Whereas the use of features for micro-level activities sup-
porting information extraction turned out to be unproblematic
(also see Schwan & Riempp, 2004), the features for macro-
level activities supporting locating information caused prob-
lems. These problems might be explained by a lack of
strategies underlying the use of the table of contents and the
index when collecting information for an essay. In line with
empirical findings by Yussen et al. (1993) and Rouet and
Coutelet (2008), we do not claim that the participants lacked
the skills to use these features in order to locate isolated facts.
However, the use or even the mere presence of a table of
contents and an index might have led to misconceptions about
the distribution of information across the medium. These
misconceptions reflect the assumption that all the information
relevant for an essay is exclusively gathered in chapters that
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are closely related to the question, ignoring other chapters of
the medium as potential sources of information. Whereas this
assumption is functional for questions that only refer to
information located in single chapters, it is dysfunctional if the
question refers to information that is distributed over large
portions of a medium and the use of a table of contents and an
index serves the superordinate goal of gathering this infor-
mation. The latter was the case in the current studies. Thus, the
participants most probably relied too much on the division of
the medium into chapters that was visible in the table of
contents (illustrated textbook and enhanced video) and in the
slider’s timeline (enhanced video only), consequentially
ignoring information from other chapters that could be
accessed via the index, for example. Thus, the division of the
medium into chapters might have led to a rather low threshold
for giving up the search for information when collecting
information. Such a low threshold could be manifest in
abandoning subsequent search processes such as checking the
index for related information after relevant information was
located in those chapters that were subjectively rated to be
most relevant for the task. This explanation is in line with the
observation that the differences among the media were even
more clearly pronounced under realistic conditions in the field
study, because the aversive situation of a homework assign-
ment (see Warton, 2001) might even increase the tendency to
stop searching for information after some first details were
extracted from the medium. Based on the observation that the
presence of interactive features influenced the learning
outcomes even though they were hardly used (Hasler et al.,
2007; Wouters et al., 2010), we would argue that the divi-
sion of the medium into chapters may negatively influence the
learning outcomes without necessarily being reflected in cor-
responding process data.

Nevertheless, it should be pointed out that despite this
presumed deficiency, the enhanced video was as effective as
the illustrated textbook which probably faced comparable
problems although to a lesser extent (as reflected by a less
pronounced difference between the common video and the
illustrated textbook). One tentative explanation for this
observation could be a greater salience of the division of the
medium into chapters in the enhanced video than in the
illustrated textbook. In the enhanced video, the chapters were
visible in the slider’s timeline and thus most probably noticed
by the students when they used the slider for browsing. In
contrast, the division of the medium into chapters was not that
visible when participants browsed through the illustrated
textbook.

Because the explanation of the superiority of the common
video over the enhanced video (and over the illustrated text-
book for one measure in Study 2) remains speculative for the
moment, future research must corroborate this argumentation
with empirical evidence. First, in order to show that partici-
pants have the skills to use the table of contents and the index
adequately, tasks that require locating isolated information
rather than information that is distributed all over the medium
should be used. If participants have the skills to use the table
of contents and the index, the enhanced video should clearly
outperform the common video on tasks that match the gran-
ularity of these features. Second, the students’ misconceptions
about the distribution of facts across the medium could be
corrected by offering a lesson that would train the students to
be aware of the fact that not all the information is located in
single chapters of the medium. With such training, the
participants using the enhanced video should perform more
efficiently than the participants using the common video, as
the enhanced video allows for far more comfortable infor-
mation gathering. Therefore, future research will have to
address the usefulness of specific features for accomplishing
specific tasks as well as considering learners’ potential
misconceptions to further optimize video use in a learning
context.
8.2. Implications of the studies
The reported studies have shown that interactive videos are
just as effective as print when it comes to learning. Based on
this finding, an economically driven decision about which
media to use in an educational setting most probably would be
made by strictly focusing on production and implementation
costs of the media, and eventually the conclusion would be
that print is the way to go. However, there are several other
factors that should be considered before taking the results of
these studies as an argument against the use of videos for
economical reasons.

First, Pintrich (2003) proposed to vary learning tasks and
learning activities to increase the students’ interest and
intrinsic motivation. We believe that videos could very well
serve as a promising measure to diversify the students’
learning experience in the classroom. Therefore, videos might
have a positive effect on the students’ overall achievement by
adding to a more stimulating classroom environment that
entails the use of various media, tasks, and learning activities.

Second, videos offer students the opportunity to gain
insight into events that they usually cannot experience in real
life. In the domain of history, for example, videos might serve
the purpose of giving the students an insight into past eras
using documentaries or even feature movies that transport the
major societal and political views that were prevalent in those
eras (Stoddard & Marcus, 2010). In the domain of biology,
teachers can use documentaries to show their students, for
example, the hunting behavior of lions or other dangerous
predators at relatively low costs and risks compared to the
exposure with such animals in real life. Smith and Reiser
(2005) developed a video environment allowing the decom-
position of the lions’ hunting behavior into single steps,
fostering students’ analytical skills.

The reported studies indicate that these benefits of videos
do not necessarily come at the cost of learning outcomes. Even
though several studies have been conducted comparing the
effectiveness of traditional videos and print when participants
acquire declarative knowledge (e.g., Furnham et al., 2002;
Furnham & Gunter, 1985, 1987; Gunter et al., 1984, 1986;
Walma van der Molen & van der Voort, 2000), the present
studies are the first to address explicitly the effectiveness of
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state of the art digital videos which offer interactive features
to establish active and self-regulated processing of the
contents. Therefore, the present studies mark a promising
starting point for rethinking the effectiveness of videos,
especially in the light of the digitization of the medium. With
the considerable distribution of videos in leisure time
(Feierabend & Rathgeb, 2008, 2009) and education
(Feierabend & Klingler, 2003), the finding that videos can be
just as effective as print when used as a learning tool can
definitely be considered good news. The present studies have
shown that videos can be just as effective as print when they
afford self-regulated information processing. Therefore, the
repeated observation that print is superior to non-interactive
videos presented in a broadcast mode (e.g., Furnham et al.,
1987; Furnham & Gunter, 1985) did not transfer to state of
the art videos as used in the studies reported here. The
availability of interactive features has leveled out learning
related differences between print and videos. More precisely,
in none of the three measures of knowledge acquisition e
multiple choice test, number of facts in the essays, and
distribution of the mentioned facts across the medium e did
the participants of the video conditions score worse than those
of the illustrated textbook condition.

Thus, the effective use of videos e just as the effective use
of print e requires active and self-regulated information pro-
cessing by the students. In this respect, examining the status
quo of the usage of videos in classrooms, Hobbs (2006)
identified several prevalent uses of video that are far from
optimal. In a phone survey, teachers stated that they mainly
use videos to keep the students quiet or as a reward for hard
work in previous lessons e just to name a few. It is evident
that videos cannot be effective learning tools under such
circumstances. Therefore, methods for effective use of videos
to provide active and self-regulated learning in the classroom
should be implemented into teacher-training to guarantee an
optimal use of videos in the years to come. Using videos as
a source for writing essays in the context of a homework
assignment seems to be a promising approach.
8.3. Limitations of the studies
To make an even stronger case in favor of interactive
videos, non-interactive control conditions must be imple-
mented into future studies whenever possible. We opted
against the use of a non-interactive control condition in the
current studies to avoid problems in the field study. Especially
in a homework context, external disturbances are impossible
to control for so that a non-interactive information presenta-
tion would lead to significant disadvantages of such a condi-
tion. As we worked with a topic that was directly relevant for
the school curriculum, such a procedure would have been
close to unethical in our real-world setting. Additionally, it
would have been tricky to explain conclusively to the students
why they received a computer-based video without stop
functionality, because stopping could be considered a basic
feature of computer-based video presentation. Especially in
a homework context, this could have led to a major decrease
in the students’ willingness to participate in the study. To
maximize the comparability of both studies, a non-interactive
control condition was not implemented in the laboratory study
either.

Another limitation of the studies might arise from the fact
that the participants in the video conditions were given
a maximum of 8 min to familiarize themselves with the
videos’ features. The participants in the illustrated textbook
condition were not given this opportunity so that they did not
take part in the same experimental steps as the participants in
the two video conditions. We chose this procedure because we
suspected that participants using the illustrated textbook were
well aware of the positioning of features such as table of
contents and an index in textbooks, as there are agreed-upon
conventions that a table of contents can be found at the
beginning of a book and an index can be found at the end of
the book. Because there are no such conventions where to
place these features in a video environment and because
videos frequently do not come with a table of contents and an
index, we wanted to give the students the opportunity to
explore the videos’ features. Of course, the contents of this
familiarization phase were not relevant for the participants’
main task. Another reason for the lack of such a familiariza-
tion phase in the textbook condition was that it would have
been impossible to force the participants in the field study to
look at a corresponding training book, whereas the training
video could be mandatorily implemented into the computer-
based experimental procedure for the video conditions.

Another limitation might arise from the division of the
timeline in the enhanced video into ten different sections
corresponding to the chapters of the video. This segmentation
could have been used deliberately to access information in
a specific chapter by browsing without having to use chapter
selection. Thus, our numbers for the use of chapter selection
might underestimate the actual use of this feature. Also, the
segmentation of the enhanced video’s timeline results in
a greater salience of the division of the medium into chapters
in the enhanced video than in the illustrated textbook, thus
increasing the negative effects of any misconceptions that
might arise from such segmentation. However, this segmen-
tation did not influence the flow of information. When the
students did not explicitly decide to use chapter selection or
the index, information in the enhanced video was presented in
the same fashion as information in the common video.
Nevertheless, future studies should refrain from using
segmentation in the timeline in order to allow for a clearer
interpretation of the differences between experimental
conditions.

With these closing remarks, it becomes evident that there
still remains a lot of work to do. We hope to have encouraged
other researchers to join in on this research endeavor.
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