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ABSTRACT
Clinicians and researchers are increasingly using
technology-based behavioral health interventions to
improve intervention effectiveness and to reach
underserved populations. However, these interventions
are rarely informed by evidence-based findings of how
technology can be optimized to promote acquisition of
key skills and information. At the same time, experts in
multimedia learning generally do not apply their
findings to health education or conduct research in
clinical contexts. This paper presents an overview of
some key aspects of multimedia learning research that
may allow those developing health interventions to
apply informational technology with the same rigor as
behavioral science content. We synthesized empirical
multimedia learning literature from 1992 to 2011. We
identified key findings and suggested a framework for
integrating technology with educational and behavioral
science theory. A scientific, evidence-driven approach
to developing technology-based interventions can yield
greater effectiveness, improved fidelity, increased
outcomes, and better client service.
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Interventions that use digital technology to pro-
mote positive health behavior change can help
improve the effectiveness of behavioral health
interventions and reach underserved populations
in high volume clinical environments and other
settings without unduly adding to already heavy
staff workloads [1, 2]. These technology-based
behavioral health interventions can be delivered
using devices ranging from high-end tablets to
inexpensive mobile phones; may consist of text,
audio, video, animations, and/or other forms of
multimedia; may be web-based or reside on indi-
vidual devices in the form of stand-alone applica-
tions; and, using information from medical records,
physiological data capture devices, or other sources,
may be interactively customized, or tailored, to an
individual user’s needs.
Technology-based interventions can provide cost-

effective ways to reach populations that might
otherwise be missed, while enabling increased

fidelity in intervention delivery and creating new
opportunities for evaluation [2]. Specifically, be-
cause of the increased fidelity they assure, technol-
ogy-based interventions enable researchers to
precisely control which aspects of an intervention
are provided to each participant [3], and conse-
quently create new opportunities to assess the
comparative effectiveness of various clinical inter-
ventions. As researchers and clinicians have be-
come increasingly aware of the opportunities they
afford, there has been significant growth in the
development, implementation, and evaluation of
technology-based interventions in an array of
behavioral healthcare contexts. For example, mo-
bile phone-based interventions have been used to
improve attendance at HIV treatment programs
and promote adherence to antiretroviral therapy [4–
6], promote sunscreen use [7], aid smoking cessa-
tion [8–10], and improve outcomes for people in
recovery for alcohol dependence [11]. Web-based
programs have been created to, for example, reduce
psychiatric problems like anxiety and depression
[12–14], assist with smoking cessation [15–17],
promote weight loss [18] and reduce binge eating
[19], increase diabetes self-management [20], and
prevent HIV risk behavior among youth with
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Implications
Practice: Technology-based interventions can be
considerably strengthened by applying evidence-
based findings of how people learn from multi-
media, especially because these findings have
generally not been applied in clinical contexts.

Policy: Resources can be aimed not only at using
technology to reach more people, including
those most in need, but also to ensure technol-
ogy-based interventions are optimized for great-
est effectiveness.

Research: Questions of how existing multimedia
learning findings apply to low-literacy popula-
tions in clinical settings remain underexplored
and deserve further examination.
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substance use disorders [21]. Web-based interven-
tions also have been developed to reduce problem-
atic alcohol and/or drug use [22–24]. In general,
technology-based behavioral health interventions
have been shown to be well accepted, efficacious
and cost effective, especially when compared to
standard care [13, 22].
While many of these interventions have been based

on empirically supported principles of behavior
change, they often fail to draw upon an extensive body
of literature from the field of multimedia learning [25–
28] to inform the intervention’s development.
Researchers who study technology-based health inter-
ventions have discussed the importance of grounding
interventions in scientific, theoretical frameworks [3,
29, 30], even noting that web-based interventions
grounded in theory are more effective [31]. However,
some argue that current theories appear inadequate to
inform applications developed for mobile devices as
behavior change mechanisms may be quite different
when implemented in real time [32]. Nonetheless,
these examinations generally reference various con-
ceptual frameworks of behavior change, while failing to
incorporate findings from research in multimedia
learning (Fig. 1). Therefore, resulting technology-based
interventions are frequently not developed in accor-
dance with evidence-based findings of how technology
and multimedia learning environments can be opti-
mized for greatest effectiveness.
Researchers in multimedia learning have, in

contrast, largely focused on examining how technol-
ogy can be implemented to best facilitate learning in
academic contexts. However, the extent to which
this knowledge has been applied in clinical settings,
and specifically to behavioral health interventions,
has been limited to date. Researchers in multimedia
learning frequently confine their work to more
traditional academic subject areas, such as foreign
language acquisition or science education, and often
conduct their studies with college samples [33, 34].
As a result, multimedia learning findings generally

are not applied in clinical settings or with under-
served or clinical populations who might benefit
most from increased access to affordable, high-
quality, evidence-based interventions.
The current paper offers an overview of research

findings in multimedia learning that may aid
creators of technology-based behavioral health
interventions. Our goal is to increase knowledge of
evidence-based findings of multimedia learning
among behavioral scientists, clinicians, developers,
and others to promote more scientifically rigorous
selection of the technological (e.g., multimedia)
aspects of behavioral health interventions. Because
many of the findings reported in this paper were
derived from experiments with university students
in non-clinical environments, they may not be
immediately applicable to all other settings, such as
interventions aimed at certain clinical or health
disparity populations. However, an exploration of
existing research can inform conceptions of how
behavioral health interventions can employ technol-
ogy in ways that are increasingly evidence-based
and optimally effective for greater numbers of
people.
The following sections are organized around key

theories and empirical findings relevant to the
design and development phases of technology-based
interventions. The goal of this paper is to inform the
development of technology-based interventions for
health behavior change by providing an informative
overview of multimedia learning, along with refer-
ences for further reading. This overview is meant to
provide a broad framework of issues to consider
when applying technology and multimedia learning
theory to behavioral health interventions. While we
recognize there may be relevant literature in other
areas, we have chosen to focus on major findings
from the area of multimedia learning theories
because of their direct applicability to a wide range
of technology-based behavioral health interventions
in many different contexts.

Fig 1 | Selected multimedia learning findings for behavior change interventions
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FOUNDATIONAL THEORIES AND FINDINGS
Effective uses of educational multimedia often start
with a basic understanding of how people learn from
multimedia and how developers can shape technol-
ogy-based interventions to fit human cognition.
According to the Cognitive Theory of Multimedia
Learning [25], “Designing multimedia messages is
always informed by the designer’s conception of
how the human mind works,” (p. 42). If the design
of a multimedia intervention can be built around
evidence-based conceptions of how people learn,
rather than based upon the features of some
particular technology, the end product may be more
effective. In short, the presentation of information can
help facilitate understanding, or if poorly executed,
the presentation can actually impair learning. A
good place to begin an examination of multimedia,
cognition, and learning is to discuss how people
interpret and process information.

Working memory and cognitive load
People can only process a limited amount of
information at any one time [28, 35]. Consequently,
decisions about how to structure a technology-based
intervention, how to incorporate multimedia, and
how to present information can have a strong
impact on an intervention’s success. In other words,
if an intervention presents too much to look at, or
listen to, clients may be distracted away from the
essential content they need to focus on for the
intervention to be successful. The inclusion of
multimedia in an intervention may require clients
to invest substantial additional cognitive effort in
order to process the information presented, and the
effectiveness of these multimedia elements depends
on a range of design considerations that must be
taken into account [27]. Developers often add
multimedia elements, such as music or animation,
to hold a viewer’s attention, but viewers sometimes
pay more attention to these additional elements than
to important content.
Research in multimedia learning has devoted

considerable attention to the question of how much
information people can process when presented
with multiple visual and audio stimuli. Two impor-
tant, and related, concepts to consider when address-
ing this issue are working memory [35] and
cognitive load [28, 36]. Working memory includes
three aspects: a central executive system that con-
trols general attention, and two more rote response
systems that separately process visual images and
speech-based information. Understanding the limits
of working memory is especially important to
developers of technology-based interventions be-
cause people have limited capacity to hold and
manipulate words and images in their working
memories [37]. Therefore, a properly constructed
technology-based intervention carefully considers
how information can be presented without over-
whelming this limited capacity.

An additional and important related concept is
cognitive load [28, 36]. Cognitive load is the amount
of mental effort required to process the information
being presented at a given point in time, whether the
information be presented face-to-face, online, or
through some other format. Germane cognitive load is
mental effort required to understand effective instruc-
tion. Intrinsic cognitive load relates to the de facto
complexity of a subject. Understanding more com-
plex, interrelated topics can entail higher intrinsic
cognitive load than understanding simpler topics,
regardless of presentation. For example, a regression
analysis would entail greater element interactivity, or
inherent complexity, and requisite prior knowledge,
than would basic arithmetic. Extraneous cognitive load is
when information is presented ineffectively, in a way
that diverts mental effort away from essential content.
This may include distracting music, flashy transitions,
or other superfluousmultimedia elements. Extraneous
cognitive load can also be induced by seductive details
[38], which can include interesting but non-essential
content that draws learners’ attention away from
important material. An example might be an image
added to an instructional presentation as decoration—if
people think about the image, they are likely focusing
their attention away from other, more important
content.

REDUCING EXTRANEOUS COGNITIVE LOAD
Mayer and Moreno [33] made extensive recommen-
dations on ways to reduce cognitive load in multime-
dia learning environments, and wrote about
experiments conducted with university student partic-
ipants. Their recommendations, which are selectively
summarized below, help provide a foundational
understanding of how multimedia technology can be
adapted to facilitate learning.

Learner control
The concept of learner control suggests that allow-
ing clients to control the rate at which content is
viewed may improve learning. For example, in one
experiment, participants were randomized to see an
animation explaining lightning formation either as a
continuous presentation, or broken into 16 learner-
controlled segments (at the end of each segment,
participants clicked “continue” to move on to the
next). Participants who viewed the segments per-
formed better on subsequent knowledge tests. The
authors concluded that this was because learners
who controlled the rate at which they saw the
information may have been able to organize and
integrate the information being presented before
moving on to additional material [33]. In situations
where the intrinsic cognitive load of material is high
enough that learners may lack adequate resources to
process the essential content all at once, segmenting
may enable learners to more effectively distribute
the load over time [27].
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Signaling
In an additional experiment, participants were ran-
domized to see different versions of a 4-min narrated
animation explaining how airplanes achieve lift. Both
versions of the animation “containedmany extraneous
facts and somewhat confusing graphics” designed to
potentially induce extraneous cognitive load and
interfere with learners’ ability to focus on the salient
content [33] (p. 48). However, one version of the
animation contained “signaling” elements to highlight
relevant content. These included key words that were
stressed in the narration, and red and blue arrows
added to the animation. The other version did not
contain these signaling elements. Participants who
viewed the signaled version of the narrated animation
performed better on knowledge tests than participants
who viewed the “unsignaled” version.

Dual-coding theory
In addition to streamlining presentations to reduce
extraneous cognitive load, and to segmenting presen-
tations to enable learner control, intervention devel-
opers can also structure multimedia elements to extend
learners’ cognitive capacity. When words and pictures
are paired effectively, people generally learn more
from words and pictures together than from words
alone [25]. Ineffective pairings of text and multimedia
elements can actually impair learning [39, 40].
As described earlier, the success of a multimedia

intervention largely depends on presenting impor-
tant information without overwhelming viewers’
ability to process the material in working memory.
Verbal information and non-verbal information are
processed in different sub-components of working
memory, and each of these sub-components has a
limited capacity [35]. To increase working memory
capacity in order to facilitate learning, technology-
based interventions can communicate essential ma-
terial using both non-verbal and verbal information.
This is referred to as dual-coding theory. An example
would be an animation, which clients would process
as non-verbal information, accompanied by voice-
over narration, which clients would process as
verbal [33]. Concurrently, processing information
in both non-verbal and verbal systems can also
enhance recall [27].
However, multimedia does not always mean multi-

modal. The specifics of how the words and pictures are
presented can greatly impact learning. Brünken et al.
[34] performed a series of experiments to directly
measure cognitive load among university students
who were being presented with information in differ-
ent multimedia formats. One format paired images
with written text onscreen; the other format displayed
images onscreen accompanied by audio narration,
but did not display text onscreen. While partic-
ipants were watching these presentations, a com-
puter measured their cognitive load by observing
the participants’ performance on a simultaneous
secondary task: at random intervals, a letter “a” on

the screen would change color from black to red, and
participants were asked to press the spacebar on the
computer’s keyboard when they noticed the change.
The computer automatically noted the elapsed time
between the actual color change and the time the
spacebar was pressed. This “dual-task methodology”
was based on the idea that because available cognitive
resources are limited, performance on a secondary
task “will be reduced in relation to the amount of
cognitive resources required by a primary task,” [34]
(p. 110). In both experiments, the simultaneous visual
presentation of images and written text onscreen was
determined to induce significantly higher cognitive
load than the presentation of images and audio
narration without any written text onscreen, potential-
ly impairing learning.
This may be due to the fact that visual stimuli

containing language, such as printed text appearing
onscreen, are processed by parts of the brain that
specialize in language processing and are also pro-
cessed in areas of the visual cortex responsible for
object recognition [27]. This means that learners may
process onscreenwritten text as both language and as a
visual object, and this processing may impose extra-
neous cognitive load. Accordingly, Sweller [40] rec-
ommends not using multiple sources of information
(such as onscreen printed text accompanied by
identical spoken narration) if “one source is sufficient
to allow understanding and learning while the other
sources merely reiterate the information of the first
source in a different form,” (p. 27).
At first, this recommendation may appear to

contradict earlier statements that people learn more
from words and pictures than from words alone.
Instead, it suggests a more nuanced approach. In
circumstances where some essential information can
be effectively delivered as verbal information, and
additional essential information can be effectively
delivered as non-verbal information, multiple sour-
ces of information can reduce cognitive load in
learners and potentially expand the capacity of
working memory to facilitate learning [27, 37].
It is important to note that the studies referenced

in this section were conducted with college students
and may not be generalizable to many client
populations. For example, it remains unknown if
people with limited literacy would be similarly
distracted by the simultaneous presentation of
onscreen text and identical spoken narration. In
addition, for clients with limited cognitive capacity,
having core content presented multiple times or in
differing formats may promote learning over and
above having the content presented one time in a
single format. Unfortunately, these areas have been
underexplored empirically and there remains a
significant amount of work to be done in this area.

APPLICABILITY TO TARGET POPULATIONS
Understanding the target population and context for
an intervention may prove very important to
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applying the theories and findings in the current
paper. In particular, understanding learners’ general
literacy levels, and more specific health literacy
levels, may inform what content is covered in an
intervention and how that content can best be
delivered. Accordingly, if an intervention is aimed
at low-health literacy populations with limited
reading skills, audio narration or dialogue in a video
may prove much more effective than written text
onscreen. Further, different learners may also have
very different access to health education and may
therefore come to the intervention with markedly
different levels of relevant prior knowledge about
any given topic.

The expertise reversal effect
Determining how much learners already know
before they begin a technology-based intervention,
and appropriately structuring the presentation of
information, can greatly influence effectiveness
because experts learn differently than novices [39].
“Instructional techniques that are highly effective
with inexperienced learners can lose their effective-
ness and even have negative consequences when
used with more experienced learners,” (p. 23).
Simply put, instructional aids or “scaffolding” techni-
ques that provide additional information to support
novice learners can actually impede the learning of
more advanced individuals. (When scaffolding is used,
learners are provided with additional support to
complete a task, based on their performance and level
of ability. As learners gain competence these supports
are gradually removed, or “faded” [41]. For more on
scaffolding and fading, see Cennamo and Kalk [41].)
This is partly due to the fact that experts already
“possess a large (potentially unlimited) number of
domain-specific schemas,” (p. 24) while novices do
not. Accordingly, different instructional strategies and
intervention designs can be employed depending on
the prior knowledge, or expertise, of the learner.
“Physically integrated” presentations [39 p. 25]

where text is embedded onto a diagram in close
proximity to related areas of the diagram and
presented simultaneously, are more helpful to nov-
ice learners because they do not have to “split” their
attention between the text and the diagram, and
then expend additional cognitive load to assemble a
working mental model. However, textual explana-
tions integrated into diagrams can be more helpful
for novice learners than for people who are more
experienced. For example, inexperienced electrical
trainees benefitted from written explanations
integrated into diagrams of electrical circuits that
were designed to reduce split attention, and in
fact, were not able to comprehend a diagram-
only format [39]. In contrast, more experienced
trainees in the same study performed significantly
better with the diagram-only format and also reported
less mental effort when they studied with the diagram-
only format as opposed to diagrams with integrated

text that were more helpful to the inexperienced
trainees [39].
Audio-based explanations paired with visual

images may become similarly less helpful, or even
become impediments, as learners become more
experienced. Kalyuga et al. [39] described a series
of experiments in which inexperienced learners
benefited most from a visually presented diagram
combined with concurrently presented audio
explanations. However, “After additional training,
the relative advantage of the audio text disappeared
whereas the effectiveness of the diagram-only con-
dition increased,” (p. 26). As the same group of
learners gained additional expertise through inten-
sive training, the advantage of the diagram-only
condition increased to the point of “reversing the
results of the first experiment,” (p. 26).
Issues of expertise and prior knowledge may take

on particular importance in ongoing technology-
based interventions that offer continued therapeutic
support for clients over time. For example, if clients
in a technology-based drug prevention program
receive periodic booster sessions, they may begin
the program as novices but progress in their
expertise as the intervention continues. Likewise, if
an intervention employs text messages that a client
receives over an extended period of time, or a series
of online modules that clients complete in succes-
sion, a strategy that initially proves useful may need
to be revisited later on. This topic remains under-
studied in the context of behavioral health inter-
ventions and deserves further examination.

TAILORING AND TARGETING
Additional questions of tailoring and targeting also
remain largely underexplored, so a great deal
remains unknown about how multimedia content
can best be matched to intervention recipients. In
tailored programs, individual learners’ characteristics
are assessed at the beginning of an intervention and
algorithms are then employed to generate learner-
specific content based on assessment data [17, 42].
In targeted programs, content is optimized for a
specific subgroup, or target population, usually
based on demographic characteristics [42]. Although
computer-based interventions facilitate the imple-
mentation of dynamically tailored education, tailor-
ing does not in itself always lead to improved
effectiveness or learner satisfaction—for example, if
the assessment phase of an intervention takes too
much time, learners might prefer a more simply
structured non-tailored presentation [42].
Many questions remain as to how technology-

based interventions can be most effectively tailored
to an individual or targeted to a specific population.
A good example of how complicated this can
become is the design of technology-based interven-
tions that incorporate video. Interestingly, even
though the producers of any video segment need
to make decisions about the race, gender, age, and
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other sociodemographic characteristics of every
person who appears in front of the camera, defini-
tive evidence does not yet exist to indicate whether
people onscreen should match, or should intention-
ally not match, the demographics of the viewer [1].
Bandura [43, 44] wrote extensively about the power

of vicarious learning. To increase the impact of
educational modeling, he recommended that “charac-
teristics of models such as their age, sex, and status, the
type of problems with which they cope, and the
situation in which they apply their skills,” be made
similar to the viewers’ [44] (p. 37). However, findings
of empirical trials do not always support the idea that
audiences will be more receptive when the models are
racially congruent to the viewer. For instance, Gerbert
et al. [45] randomized participants into different
groups that watched multiple video segments to
examine preferences in onscreen physicians by gender
and affect. They found that preference for same race
doctors was mediated by the perceived warmth of the
doctor. Aronson and Bania [1] randomized emergency
department patients into four groups that were each
shown a different computer-based video about HIV
prevention and testing (the study is described in more
detail in the next section). What may be the most
important result of this research is the finding that
different population groups responded differently to
the same set of video segments viewed in the same
context.
In addition, dynamic assessment and/or tailoring

may include readiness to change, or characteristics
of the disease/problem behavior the intervention is
targeting (e.g., specific diagnosis, disease/problem
severity, comorbid conditions, chronicity of disease/
problem, type of problem behavior, frequency of
problem behavior, etc.). While many argue that
tailoring on these aspects of the learner may
enhance outcomes, findings in these areas are mixed
(e.g., McKay et al. [46] Project MATCH Research
Group [47], Project Match Research Group [48],
Strecher et al. [17], Swartz et al. [49]).
Emerging technologies can enable interventions

to measure clients’ physical responses and quickly
adapt content accordingly. This work with sensors
and other real-time data collection tools, along with
additional technology-based indicators of clients’
physiological and/or subjective states, may allow
for tailoring on a whole new array of dimensions.
More specifically, these tools may enable interven-
tions that are dynamically tailored “in the moment”
as needed to be responsive to the client’s state. As
Riley et al. [32] explained, to take full advantage of
the opportunities presented by new technologies,
health behavior models must not only guide tailor-
ing at the start of an intervention but also the
dynamic process of frequent adjustments during the
course of an intervention.
Due to the many possibilities and unresolved

questions related to tailoring, consensus has yet to be
reached in a number of areas. Although the issue is still
widely discussed, there remains comparatively little

agreement as to whether materials should be
tailored to individual learners, and if so, how. It
also remains to be seen whether, or at what point,
tailoring may limit an intervention’s reach, general-
izability, or cost effectiveness.

EXAMPLES OF INTERVENTIONS DEVELOPED
TO INCORPORATE BEHAVIORAL SCIENCE
AND MULTIMEDIA LEARNING THEORY
To illustrate how some of the theories and findings
discussed so far can be applied to technology-based
interventions, we provide two examples. While
there are other interventions that meet these criteria,
we do not have space to describe them in this
publication.
Bickel, Marsch, and colleagues [22] developed an

interactive, web-based psychosocial intervention for
individuals with substance use disorders, called the
Therapeutic Education System (TES), which is
based on the empirically supported Community
Reinforcement Approach (CRA) to behavior thera-
py. TES was developed to employ both evidence-
based content from the CRA approach as well as
evidence-based informational technologies to pro-
mote optimal learning and skills acquisition. In a
randomized, controlled trial conducted with opioid-
dependent outpatients, TES was as efficacious as
clinician-delivered CRA and more efficacious than
standard counseling; patients in both conditions
demonstrated similar number of weeks of abstinence
and greater abstinence than those patients in stan-
dard counseling. However, TES required substan-
tially less clinician time than clinician-delivered
CRA, making it more cost effective [22].
The TES web-based intervention was designed to

address a number of concepts reviewed in the
current paper. For example, intervention content
was broken into chunks, or modules, to reduce
cognitive load. The intervention then enabled clients
to control how quickly they moved from one
module to the next (the benefits of this approach
are discussed in the earlier section on “Learner
control”). As described below, TES also integrated
assessment measures into the end of each module to
help clients organize intervention content in long-
term memory, and to measure their ability to do so.
Specifically, TES employed a Fluency-based Com-
puter-Assisted Instruction (CAI) approach (Health-
Sim, LLC). Behavioral fluency ensures mastery of
key content by promoting both accuracy in the
learner’s understanding of program content as well
as speed of learner response [50] and is associated
with retention and maintenance of skills and knowl-
edge, as well as resistance to distraction [51]. The
intervention measured participant response using
randomly presented multiple choice questions along
with fill-in-the-blank questions and calculated how
long participants took to respond to each question.
The speed at which questions were presented by the
program to assess learners’ knowledge varied
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depending on participants’ demonstrated speed of
responding and accuracy of responses. This proce-
dure was designed as such to be responsive to each
user’s understanding of the material to help them
achieve fluency of key information and skills. The
computer-based intervention also gave participants
immediate feedback on their responses. Participant
usage of the program was tracked in a back-end
database and available for secure, electronic viewing
by participants’ clinicians.
As another example, the Aronson and Bania [1]

intervention to educate emergency department
patients about HIV testing, mentioned earlier in this
paper, also thoroughly integrates the evidence-based
educational theories (cognitive load theory, the Cog-
nitive Theory of Multimedia Learning) and an under-
standing of cognitive processes, including the ways
working memory functions, described in the previous
sections. The intervention is also based on the
Information, Motivation, Behavior (IMB) model of
HIV prevention which states that information, while
essential to risk reduction efforts, is not enough to
produce behavior change on its own; motivation and
behavioral skills specific to target populations must
also be addressed [52, 53]. The emergency department
intervention was designed to measure both cognitive
and behavioral outcomes, and the clinical trial docu-
mented statistically significant increases in knowledge
of HIV prevention and testing, intent to use a condom
during vaginal sex, and acceptance of an HIV test
offered at the end of the intervention.
The interventions’ screen layout, information archi-

tecture, and the videos themselves were designed in
accordance with the theories of multimedia learning
described above. The ultimate goal was to focus
clients’ cognitive resources on the intervention content
rather than on the delivery technology. Although the
intervention presented several sets of pre–post-inter-
vention instruments measuring knowledge, the intent
to use a condom, and participant acceptance of HIV
testing, only a few questions were displayed on the
screen at a time, and each question was presented in
large black type on a white background. Rather than
using a decorative background image or complicated
color scheme Aronson and Bania selected a uniform,
solid white background to avoid extraneous cognitive
load. Additionally, rather than placing large groups of
questions on each screen, this intervention generally
presented three or four questions at a time, along with
large, clearly labeled controls enabling clients to move
to the next screen of questions, or return to previous
screens. This was designed to help clients process
information and move through the intervention at
their own pace (for more on the benefits of learner
control and streamlined presentations, please see the
earlier section on REDUCING EXTRANEOUS
COGNITIVE LOAD).
Because there were only a few questions on the

screen at any one time, each could be presented in a
larger type size. The resulting large black type on a
plain white background proved especially easy to

read, even for people with limited vision. During
initial user testing, this emerged as an unexpected
benefit of the design because people who rush to a
hospital for emergency medical treatment frequently
forget to bring their eyeglasses. Therefore, a design
that was intended to work within the limits of clients’
cognitive ability also helped make the intervention
accessible to people with impaired sight. (For more
on user testing and related methodologies, please
see the following section.)
The videos themselves were also designed to

focus clients’ attention and avoid extraneous detail.
As described earlier, the videos depicted healthcare
professionals speaking with patients about the
importance of HIV testing. Instead of using colored
arrows to indicate what part of the screen clients
should watch for important information (please see
the description of signaling in Mayer and Moreno
[33] above), the video framed the person speaking as
the focus of each shot and used the composition of
the image to direct clients’ attention to key content.
Likewise, all video dialog was carefully edited to
include only the most essential material and to avoid
any redundant or unnecessary information. Similar-
ly, the developers did not add any music or
narration, nor did the video display any onscreen
text or graphics that could have distracted clients’
attention from the dialog. For this reason, the video
segments did not display production credits at the
end because reading the names of people involved
in the videos’ creation could distract clients from the
more important content they just watched. Further,
the editing was designed to not break clients’
concentration on the content. Rather than using a
full library of available effects and transitions, the
developer used a very subtle editing style intention-
ally designed not to call attention to itself.

NEEDS ANALYSIS AND USER TESTING
In light of the issues described in the current paper,
and the effort often required to successfully address
them in an intervention, two important processes may
prove very helpful to the design and evaluation of
projects that employ multimedia. The first is a needs
analysis done at the start of a project; and the second is
user testing, which can be ongoing and done at various
stages. Both can help ensure effective uses of multi-
media technology and the applicability of a given
approach to a client population. Well-executed user
testing can also be used to measure the cognitive load
imposed by an intervention.

Needs analysis
In the field of multimedia learning, designers
complete what is known as a needs analysis and
create a design document that describes, among
other things, the characteristics of the intended
audience. (From a computer science perspective,
the design document may be called a “functional
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specification.”) The characteristics noted in a needs
analysis and design document would detail literacy
levels, computer skills, access to technology, demo-
graphics including socioeconomic status, and phys-
ical or other disabilities relevant to the project.
Additional factors would include specifics about the
technology required to deliver the intervention. For
instance, does an intervention require a high-speed
Internet connection or can it be viewed over a dial-
up connection by people who cannot afford or
access broadband? Does it contain large images
intended for a widescreen computer monitor or can
it be viewed on a small mobile device? For more
detail on needs analysis, please see Rossett [54] or
Smith and Ragan [55].
Ideally, the results of a needs analysis would

inform not only the content of an intervention but
the selection of technology used to deliver it. As an
example, an intervention aimed at adolescents
might employ text messages sent to mobile phones,
as the costs are relatively low, their use is wide-
spread [56], and adolescents are among the highest
users of mobile phones [57]. A needs analysis would
also consider the goals of the intervention, how
related outcomes could be measured to determine
success, and what type of implementation technolo-
gy would best facilitate these goals and outcomes.

User testing
Throughout the process, developers can work with
members of the target user population to seek their
input, and later once a prototype has been created,
to test the intervention. Developers can, and should,
solicit feedback from both end users and stake-
holders. In the case of the intervention to increase
HIV testing among emergency department patients
described above, patients would be the end users
while the hospital staff, including doctors and
nurses, would be stakeholders. Developers can
solicit input at all stages of the process, including
the creation of the design document/functional
specifications, interface mockups, and so on. Some
software developers argue that it is best to give
potential users a very rough sketch, possibly in
pencil, of interfaces and functions/features so users
can feel free to recommend changes.
Once an early stage prototype exists, developers

can work with end users to test and then refine the
intervention based on user response. This type of
testing can be as simple as watching users interact
with the intervention and observing their reactions,
or interviewing them afterward to examine issues
such as acceptability or feasibility. Other methods of
user testing can involve structured, or semi-struc-
tured, discussions with users while they interact with
an intervention.
Chan and Kaufman [58] describe a methodology

in which a group of participants were asked to
perform the same computer-based tasks, and were
simultaneously asked to think aloud and verbalize

their thoughts while completing the task. The
researchers made audio recordings of each partici-
pant and used software to capture all actions on the
computer screen. Later, researchers performed a
step-by-step analysis of each task using the audio
recording, video capture, and observation notes,
examining how users completed each step in a task
and noting problems users may have encountered.
Implementing similar examinations during the de-
velopment of health interventions can enable
researchers to measure how much mental effort
clients expend on using a given technology and how
much of their attention they can effectively apply to
understanding the intervention content.
Kalygua and Plass [59] describe using a think-

aloud protocol to measure participants’ cognitive
load. Participants using an interactive simulation
designed to educate students about the scientific
principles of gas (i.e., the effects of temperature and
pressure) were asked to talk about their perceptions
of the simulation while they were using it. Analysis
then examined participants’ remarks and, if applica-
ble, related them to different sources of cognitive
load. As an example, the researchers determined
that the participant comment “Watching them all at
the same time could be difficult” [59] (p. 731)
indicated the design had induced extraneous cogni-
tive load. Kalygua and Plass [59] also note that a
very rough measure of cognitive load can be
obtained by asking people about their experience
using a technology. For example, researchers can
ask video game players questions about how
difficult a game was to play or understand. Cogni-
tive load can also be measured observationally using
the dual-task methodology employed by Brünken et
al. [34] which is described earlier in the section on
“Dual-coding theory”.
User testing can be done as part of a summative

evaluation, at the end of a project, or within a
formative evaluation process conducted while the
project is still ongoing and elements of the interven-
tion are revised according to the results of the user
testing. For example, if during a formative evalua-
tion elements of an intervention were found to
induce extraneous cognitive load, the intervention
materials might be re-worked to reduce distractions.
For more information on summative and formative
evaluations, please see Gagné et al. [60]. If budgets
and timelines permit, conducting repeated formative
evaluations, analyzing the results, and then refining
the intervention accordingly may yield an especially
strong project.

Conclusion
Each intervention is different, but if the develop-
ment process incorporates contributions from a
team of people with technical expertise, knowledge
of behavioral science, and an understanding of
instructional design (as well as detailed responses
from actual clients), the end product can employ
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multimedia elements just as effectively as it employs
evidence-based behavioral science content. As de-
scribed in detail above, people can only process a
limited amount of information at any one time.
Developing multimedia presentations to focus cli-
ents’ attention on important content rather than
extraneous details, or on the delivery technology
itself, can lead to more effective outcomes.
Because much of the evidence in multimedia

learning comes from research with college students
in academic settings, it remains unknown how some
of these findings will apply to underserved popula-
tions in clinical environments, and additional re-
search is needed. Further, it remains unknown how
technology-based interventions can be made most
effective for specific populations, e.g., whether
tailoring is generally more effective, and if so,
exactly how material should be tailored. Lastly,
further research is needed to understand how the
ubiquitous, real-time nature of new technologies can
create opportunities to dynamically, and frequently,
adjust content during the course of an intervention.
In short, a major goal of the current publication is to
help clinicians, researchers, developers, and others
not only use technology to reach more people but to
implement continually more effective, evidence-
based behavioral health interventions.
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