White Paper

Leveraging multimedia
for learning

Use instructional methods proven to align with natural
learning processes

Ruth Clark

If your organization is like many others, you re probably experiencing a demand for
digitally delivered training. To save travel costs and instructional time, eLearning in both
synchronous and asynchronous formats is increasingly supplementing or even replacing
face-to-face classrooms.

However, all too 0 en eLearning fails to live up to its potential, and as a result, learning su ers.
Technostics ignore the unique instructional capabilities of eLearning by importing legacy
materials from books or classroom manuals without employing engaging multimedia features.
Figure 1 0 ersatypical example. s lesson is essentially a book transferred to a screen.  ere
are no visuals, no audio, and no interactive elements to engage the reader.

At the other end of the spectrum, technophiles who are enamored with technological features
use all of them at once. Take a look at the technophilic eLearning sample in Figure 2. Extraneous
auditory and visual e ects were added to the basic content to make it more interesting. e result
is too much stimulus at once.

With these examples in mind, what works most e ectively in reaching learners in digital
environments? Fortunately, we can rely on over 20 years of research on the learning value of
many of the multimedia features available to you today. With Richard Mayer, | have documented
this research in our book e-Learning and the Science of Instruction.  is white paper summarizes
some of our most important evidence-based guidelines to help you get the most from your
eLearning programs.
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Designing a
Relational Database

Designate Table Relationships JumptoaTopic Introducon |~

In the case of Sally's video store, a "One-to-Many Relationship" exists between the Rentals table
and the Customers and Movies tables. In essence, this means that a particular customer can be
listed multiple times in the Rentals table (once for each time they rent a movie), but will only be
listed once in the Cust s table. Likewise, an individual movie can be listed multiple times in the
Rentals table (once for each time it is rented), but will only be listed once in the Movies table.

In other words, unlike with primary keys, the data in foreign key fields can be repeated. Since the
Rentals table is a child of both the Customers table and the Movies table, the customer and movie
information contained in the Rentals table is stored in the two foreign key fields (namely CustomerlD
and MovielD).

Audio ' Re-Play Audi :
Lon wof J Previous

Figure 1. This technostic eLearning approach fails to leverage media features (from Clark & Mayer, 2007).
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Barb has entered her sales revenue
and her overhead for last year into
the spreadsheet. The first thing
that Barb would like to know is how
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Barb has entered her sales
revenue and her overhead for
last year into this spreadsheet.
The first thing that Barb would like
to know is how much profit she
made for each month last year.

Did You Know?

The term "profit” comes from the
Graak word "profitus” wiieh
means to gain or abtain through
irsestment

Figure 2. This technophilic approach to eLearning overuses technology features (from Clark,
Nguyen, & Sweller, 2006).

Face-to-face classroom learning versus eLearning
As new training technology emerges, we 0 en see a barrage of research that compares learning
from the new technology with learning from more traditional settings usually classroom
instruction. As these research studies are reported, they are brought together in a meta-analysis.
In meta-analyses, the data from many individual research studies are integrated statistically.

is allows us to make generalizations on the basis of any one research study.

For example, Figure 3 shows a histogram of the e ect sizes from over 300 studies comparing
learning from various forms of electronic distance technology to learning in face-to-face
classrooms. As you can see, most of the e ect sizes fall close to zero, indicating no practical
learning di erences between a digital and face-to-face delivery. However, in some cases,
computer-delivered training resulted in more e ective learning than classroom learning,
and vice versa.
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Figure 3. Most comparisons of learning from electronic distance media with classrooms show little di erence
(based on data from Bernard and others, 2004).

What causes these discrepancies? Have you ever attended an ine ective classroom course? Or
experienced poor eLearning materials? e reason we see inconsistent learning outcomes is that
the quality of a learning environment is not in the technology, but in how the technology is used.

A er hundreds of media comparison studies, we ve learned that it s not the delivery media that
enables learning; it s how any given delivery technology supports human learning processes. If
two lessons include all of the elements needed for learning, learning will occur whether the
lesson is o ered digitally or in a classroom. Alternatively, if a face-to-face classroom lesson is
interactive, while a comparison digital lesson is not interactive, learning will be more easily
achieved in the face-to-face version. And vice versa.

How learning happens

No matter what mix of delivery media you use, it s imperative to accommodate the strengths and
weaknesses of the human brain. Our learning is primarily shaped by two memory components:
working and long-term memory, as shown in Figure 4. Working memory, as the name implies, is
the active member of the pair. It is in working memory that ideas are generated and learning
takes place. However, working memory has a very limited capacity. When working memory IIs
with even limited amounts of information, its processing power diminishes rapidly.
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Figure 4.E ective eLearning supports critical psychological learning processes.



Principle 1: Visualization—use
relevant graphics in eLearning

Include explanatory visuals that illustrate

relationships among the content in your lesson.

Avoid decorative visuals that do not promote
learning. Think visually when you design your
instruction to take advantage of eLearning
graphic features

In contrast, long-term memory has a large capacity for information; it serves as your repository
of knowledge and memories. However, long-term memory provides storage only all the action
takes place in working memory.

When it comes to learning, the goal is to create environments in which learners actively process
new information in the working memory in ways that lead to storage in long-term memory. And
when needed, can be retrieved back into working memory. Positive learning outcomes require
instructional methods that accommodate the limits of working memory and encourage
processing of new information for storage in long-term memory.

e main psychological processes you need to support include: attention, management of load in
working memory, rehearsal of new information in working memory that results in encoding in
long-term memory, and retrieval of new skills back into working memory when needed. Let s
take a look at some of the basic instructional methods you can use to support these learning
processes in digital learning environments.

Principle 1. Use relevant visuals to promote learning

Do learners prefer lessons that include visuals and text, or lessons using text alone? Does adding
visuals to instructional materials improve learning? Are all visuals equally e ective? Fortunately,
we have research to guide us. Richard Mayer at the University of California compared learning
from lessons that were all text with the same lessons that added relevant visuals. For example, he
created two lessons on how a bicycle pump works. One version used text alone. A comparison
version used the same text, but added simple visuals that showed how the pump works. You can
see the di erencesin learning in Figure 5. In nine di erent experiments, Mayer found, on
average, an 89% improvement in learning when a relevant visual was added to text.
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Figure 5. Learning is better using words and graphics than just using words (from Clark & Mayer, 2007).

In Graphics for Learning, | suggest di erent types of useful visuals based on the kind of content
you are teaching and the background knowledge of your learners. In general, you should use
visuals that illustrate relationships in your content rather than visuals that are decorative or
simply reproduce content.

Now we know that visuals can improve learning. But are all visuals equivalent? What about the
visual e ects used in the lesson in Figure 2?

Mayer did experiments comparing learning with di erent types of visuals. For example, in

a lesson on how lightning forms, he compared a basic version that used relevant visuals with

a second version that included everything in the basic version plus additional visuals that
illustrated interesting lightening facts. He added pictures of an airplane struck by lightning to
illustrate how lightning a ects airplanes. He also added visuals of a burned football uniform of
a high school student struck by lightning.



Principle 2: Explain complex visuals

with audio

Use audio narration, rather than text or text and
audio, to explain a complex visual. Using audio
and images manages a learner s mental load
during learning

Which lesson was more e ective? e basic version or the enhanced version with the addition of
interesting facts and related visuals?

You may be surprised to learn that the enhanced version depressed learning dramatically. e
reason is that the additional information, while related to the topic of lightning, was not relevant
to the instructional goal and distracted learners from the main ideas of the lesson. Mayer calls
thisa coherence e ect. His research recommends avoiding decorative visuals that do not
contribute to the instructional goals.

Technostic and technophilic approaches to visuals

e technostic tends to ignore the potential for visuals in eLearning by relying primarily on text.
In contrast, the technophile tries to supplement lessons with many animated visual e ects. Both
approaches ignore what research tells us about visuals and learning.

In eLearning, the main connection with the learner is the screen. While pages can deliver easy-
to-read text, screens bene t from less text and more visuals. In screen-based media, such as
computers and video, it s much more important to visualize content than it is in paper-based
media. However, it s important to complement the text with relevant visuals rather than with
graphics that detract from learning.

Principle 2: Describe complex visuals with audio only

We ve seen that relevant visuals can improve learning. However, what is the best way to explain a
visual in eLearning? Some people think that to accommodate visual and verbal learning styles,
words should be presented in both text and audio formats. Countless studies have touted the
learning bene ts of audio in explaining visuals. Research scientists refer to the bene ts of audio
as the modality principle. Lets explore this idea.

Recall the capacity limitations of working memory mentioned previously. Within the framework
of working memory there are two small areas for storage of limited information: one for auditory
data and one for visual data. As shown in Figure 6, when you explain visuals with words in text,
you overload the visual centers of working memory. When you explain visuals with words in
audio, you balance your data between the two working memory su-systems, thereby maximizing
the limited capacity of working memory.
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Figure 6. The visual channel is overloaded with the presentation of written text and graphics (from Clark &
Mayer, 2007).

Figure 7 shows a good example of a complex visual.  is visual is complex because it is
animated and includes many details. Animated visuals show a great deal of visual information
in a short time span and, therefore, are typically more complex than static visuals. To explain
demonstrations like this, it is better to use audio narration rather than just text. However,
because in some situations learners may not have access to sound, it is wise to make audio the
default and provide a backup version that uses text. With Adobefi Captivate so ware, you can
easily add closed captioning that learners can turn on and o depending on their needs.

Although it may seem like a good idea to explain a complex visual such as an animated
demonstration with both text and audio, this combination actually results in poorer learning.
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Figure 7. Explain complex visuals with audio narration. Project created with Adobe Captivate.

e depression of learning that occurs when you explain a visual with text, plus audio that
repeats the text, is called the redundancye ect.  eredundancy e ect occurs when working
memory becomes clogged with excess visual information from the text and graphics. Learners
get overwhelmed trying to synchronize onscreen text with audio narration.

Exceptions to the modality principle

ere are times, however, that you may want to use text and not audio. Audio is transient. Once
it plays, there is no record of the words. In any situation where learners need to refer to words
over time, it s better to use text. A good example is found in directions to exercises. When
learners are responding to an exercise such as a simulation, it s wise to put exercise directions
and feedback in the text not the audio. (Refer to Figure 8 to see an example.)  at way, the
learner can easily refer back to the directions as needed.

Another important exception to the modality principle is for learners who are studying in a
second language.  ese learners bene t from taking the time they need to read onscreen text
rather than listening to audio narration. It is recommended not to use text and audio at the
same time.

Principle 3: Use rstand second person language and
learning agents

Principle 3. Make eLearning conversational Have you ever been in a conversation when someone asks you a question and you realize you

Use rstand second person pronouns and have not heard much of what was said? All of us feel embarrassed when we are caught not

learning agents to promote deeper learning. attending to someone talking to us.  issocial convention is the basis for what Mayer calls the
personalization principle. According to this idea, learning is better when participants in
eLearning feel they are engaged in a conversation.

To engage your learners in a social experience, use informal writing that relies on rst and
second person language. Of course learners consciously know that they are working with a
computer program and not a human partner. Nevertheless, Mayer found that just a few simple
changes in language that involved adding you and we pronouns resulted in dramatic
improvements in learning. e reason is that at an unconscious level, we tend to process more
deeply when we are in a social-like setting.






