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ABSTRACT

Training applications using interactive multimedia capabilities are growing in number. The approach
followed to produce these multimedia applications is essentially the same (analysis, design, development,
implementation, and evaluation) regardless of the instructional delivery system. - .

Data from research studies, combined with development experience, provides insight into "what works
best" for this particular delivery system, thus producing the most effective multimedia training in the most
efficient manner. This paper addresses the procedures for storyboard development and provides specific
guidelines for designing interactive multimedia courseware. Guidelines are presented for increasing
interactivity, determining extent of learner control, determining most appropriate use of feédback, preparing
visual elements {video, text, graphics and animation), audio elements, and programming. All of the
guidelines are based on data from research studies. The research studies and literature which support the
guidelines are specified by topic in the references.
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BACKGROUND

A storyboard is the documentation for interac-
tive multimedia production which contains instruc-
tions for programming, an audio script, and a
detailed description of the visual elements such as
text, video, graphics, and animation. [t is typically
developed by instructional designers, with input
from other development team members such as
subject matter experts, videographers, program-
mers, and graphic artists. Storyboards are devel-
oped during the design phase of the instructional
systems development process. The storvboard
becames the key design document that the entire
production team uses as a base for developing the
interactive program. The storyboard information is
often reviewed and approved by the customer prior
to the start of the development effort.

This paper provides specific guidelines for
storyboard development and the rationale, based
on research findings, for each guideline. The
research studies and literature which support each
guideline are presented by topic in the references.
It is unlikely that in any one program, every guide-
line will be implemented. The guidelines are not
meant to be applicable to all situations and environ-
ments. Their application depends on factors such
as the hardware and software selected for ICW
development and delivery, the learning skills and
motivation of the target audience, the complexity
and criticality of the instructional content, and, of
course, available resources. The guidelines should
be adjusted based on these factors.

BASIC ICW INSTRUCTIONAL STRATEGIES

Instructional strategies are the general instruc-
tional treatment given to lessons in an interactive
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multimedia course. When developing storyboards,
the designer will be concerned with ensuring that:

Interactivity is increased.
Learner control is addressed.

* Feedback is appropriate for enhancing
learning and transfer.

GUIDELINES FOR INTERACTIVITY

In any type of computer-based training, inter-

activity refers to the activities performed by both _

the learner and the computer. The quantity of
interaction depends on a number of variables,
including the type of input required by the learner,
how the response is analyzed, and how the com-
puter responds back to the learner. Research has
shown that it is important to design as. much
meaningful interactivity as possible into an ICW
program {Hannafin, 1989, Lucas, 1892, Thompson
and Jorgensen, 1989, Schwier and Misanchuk,
1988). Borsook {1991} argues that in order for
interactive instruction to be truly interactive, it
should emulate interpersonal communication.
Guidelines for increasing interactivity in [CW
programs are presented below.

1. Provide opportunities for interaction at least
every three or four screens or, alternatively,
about one per minute. However, mandatory
interaction with the computer should not be
superficial. Without interaction, the program
is just a fancy electronic page turner. Howev-
er, if an action required is somewhat superfi-
cial, the student may be distracted by it and
become annoyed. Students prefer not to have
superficial interaction.

Chunk the content into small segments and
build in questions {with feedback), periodic



reviews, and summaries for each segment.
Chunking content into smaller units and pro-
viding opportunities for interaction {e.g., ques-
tions) within each information segment allows
students to interact with the program more
frequently. "Blending” instruction with prac-
tice reduces boredom and at the same time
facilitates learning.

Ask as many questions as possible without
interrupting the continuity of the instructional
flow. Questions provide information for the
system to evaluate student performance and
branch them to an appropriate place in the
instruction. Questions also sustain student
attention by keeping them involved in the
learning process.

Ask a question after, but not immediately
following, the related content. Sometimes a
gap between a question and its related con-
tent will facilitate learning by forcing the
learner to mentally search for and review
necessary information, rather than requiring
them to immediately repeat what they were
just taught. This searching and reviewing
process can enhance retention.

Ask students a question that they can figure
cut the answer to from previously learned
knowledge. A straightforward presentation of
new content can be boring.

Ask students to apply what they have learned
rather than memeorize and repeat answers.

Use rhetorical questions during instruction to
get students to think about the content or to
stimulate their curiosity. Also use them as a
natural transition between frames. A rhetori-
cal question does not require students to
overtly provide an answer. It invites students
to mentally interact with the content. Used
as a transition aid, it can direct students’
attention to what is coming up next.

Consider designs where the learner is not
presented with information in a linear format,
but rather discovers information through
active exploration in the program. With some
tasks, such as problem solving, [earning
through discovery promoetes understanding
and remembering because new knowledge is
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" linked substantively and nonarbitrarily to
existing knowledge.

GUIDELINES FOR LEARNER CONTROL

Learner control refers to the degree to which
learners are allowed to take charge of the instruction
and their learning environment: what to learn and
how to learn it. In many instances, learners can
make appropriate decisions about the most effective
way to proceed through a training program. Re-
search suggests, however, that in some instances,
learners do not choose the most effective route
{Chung and Reigeluth, 1832}. Careful consideration
of learner control issues is important in ICW design.
Guidelines for learner control of sequence and con-
tent for ICW programs are presented below.

1. Provide learner control of sequence when:

a. Lengthy instructional sequences must be
completed by the student in no specific
order. Student motivation and interest will
be maintained because students will be in
contrel and not forced through a particular
sequence which ultimately does not affect ~

- learning.

b. Students are familiar with a topic and are
able to make appropriate sequence choices.
In this case, motivation is facilitated be-
cause students can choose information
that is interesting and relevant to them.

¢. The training is for cognitive strategies or
higher-order problem solving tasks. Se-
quence contro! in this instance will allow
students to make selections that may
facilitate flexible and novel thinking.

2. Do not provide sequence control to students
in situations whereé the materials have a spe-
cific prerequisite order. Learning could be
inhibited if the sequence is improperly chosen.

3. Provide learner control of content when:

a. Students have significant previocus knowl-
edge of the content. Presentation of
known materials is irrelevant and often
uninteresting to students.

b. Students have higher ability (that is, they
are "sophisticated” learners). Sophisticat-



ed learners are often able to make content
choices based on their particular needs.

¢. There is a high probability that students
will succeed in learning the content regard-
less of the chosen content. Students will
perceive through feedback that success is
under their personal control and is relatively
independent of the chosen content.

d. Cognitive strategies and higher-order prob-
lem-solving (rather than facts) are being
taught. Students may see the relevance of
different content and will be able to use
this information effectively in novel ways
during the learning of cognitive strategies
and higher-order problem solving.

e. The skills are not critical, the training is
optional, and student motivation is high.

4. Do not provide full learner control of content
when all topics in the instructional presen-
tation are required for successful completion
of the program and there is a hierarchical
order to the materials. If there is no hierar-
chical order to the lessons, let the students
have control of the order but make sure they
don‘t skip any relevant information.

5. Determine the amount of learner control based
on your resource availability as well as these
guidelines. Increased learner control over
sequence and content generally requitres more
development work and more resources.

GUIDELINES FOR FEEDBACK

Feedback tells the learner about the accuracy
of their response. Feedback can be used to ad-
dress possible student misconceptions or lack of
prerequisite knowledge. It can also be used to help
students learn, enhance retention, and measure
how much they have learned. Guidelines for
feedback are presented below.

1. Keep feedback on the same screen with the
question and student response. This reduces
the memory load for the student.

2. Provide feedback immediately following a
student response. Information about test
results is important in the learning process.
Delayed feedback can confuse students.
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3. Provide feedback to verify the correctness and
explain why. It may not be clear to students
why their responses are correct or incorrect.
Therefore, in addition to knowledge of results,
feedback should provide specific information
about a response.

4. For incorrect responses, give the student a
hint and ask the student to try again. Without
the hint, students may fail again and feel
frustrated. The hint helps students recall
relevant information to answer the question. ~

5. Tailor the feedback to each learmner's
response. Feedback should address the mis-
conception a student may have by selecting a
particular incorrect response.

6. Provide encouraging feedback. However, do
not provide the type of feedback that may
eéncourage a student to make an incorrect
response on purpose just to see the feedback.
Positive feedback can provide students with
the motivation to learn. Cynical or negative
feedback may discourage a student.

7.  Add instructional feedback to simulation re-
sponses to explain why the simulated world
reacted in a certain way or to provide a hint.
In simulation, feedback is embedded in how
the simulated world responds to a particular

- - = learner action. In the test, feedback can be
phased out to facilitate transfer.

8. H possible, allow students to print out their
test results. Students often like to maintain a
hard copy record of their performance.

GUIDELINES FOR VISUAL ELEMENTS

Visual information in an ICW course serves to
enhange the effectiveness of the training program.
Visual elements include still frame and motion
video, photographs, text, graphics, and animation.
Guidelines for visual elements of an ICW program
are presented below.

1. Do not jam a screen with too much informa-
tion at any one point. Cluttered screens
reduce learning efficiency and effectiveness
(i.e., it takes more time to learn and more
students often make more errors.)
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When presenting a large amount of relevant
information, display small chunks of informa-
tion one at a time through:

* Screen build-up

« Window overlay

« [con buttons

Use windows to group or separate certain
information from the rest of the display. This
guideline helps to:

* Draw students’ attention to a partlcular set
of data.

* Reduce the density of display on the
screen by superimposing one display on
top of another.

* Establish student expectancy that certain
data will always appear in a certain format
and location.

Use icon buttons for concrete concepts that
can be represented pictorially in miniature.
lcon buttons represent information that is
available in a compact, easy-to-understand,

pictorial format; and upon request of a stu-- -

dent, disclose that information.

Consider presenting information graphically
and spatially (e.g., in a diagram or a flow-
chart). Relationships among content or the
overall program structure can be more easily
visualized and rememberad. A student’s path
through the program can be easily displayed
and remembered.

Use the following technigues to keep students

oriented:

* Place certain information in constant
locations.

* Provide a consistent layout for the same
types of screens.

* Maintain the same perspective in a series
of visuals. If a change of perspective is
necessary, cue students to the change.
Use type sizes, colors, and shapes as cues.
Provide signposts which help a student
know current and past locations, what lies
ahead, and how to get there. Make sign-
posts available for reference without requir-
ing the student to move from the current
location.

* Provide a bird's-eye view, or long shot,
before zooming into details, to establish a
frame of reference for the student.
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Knowing where they are, how they got
there, what they can do, where they can go
and how they can get there gives students a
sense of control. Making this information
available allows students to concentrate on
the program content rather than the naviga-
tion mechanism.

Use the following techniques to position infor-

mation on a screen:

* Present key information in prominent areas
(e.g., away from the border).

* Present information that changes from
display to display (the body of the instruc-
tion) in the center of the screen,

* Present recurrent information {e.g., menu

bars) in constant locations.

+ Presentnavigation buttons near the borders
of the screen.

To differentiate key information and attract or
direct a student’s attention, implement these
cuing techniques:

Arrows, labels, narration

Separation of information ifito distinct objects
Windows

Colors, shapes

Highlighting, bordering, underlining

Mixed type sizes and fonts

Blinking

Use the followmg techniques for cuing

information: :

* Reserve blinking for critical situations re-
quiring immediate student attention or
action.

* Keep borders distinct from the object
enclosed.

¢ Highlight by either brightening the area of
interest or dimming the background.

» Limit highlighting to 10 percent of the
display for effectiveness.

* Avoid using too many cues at cne time.
QOversaturation of the techmques may
reduce their efféctiveness. ) )

10. Use the following techniques for colors:

» [imit the number of colors on each display.
Too many colors on a display reduce effec-
tiveness and aesthetic quality.

¢ Use black on vellow, or black on white for
text. Always use dark letters on a light
background. Blue is an exceilent back-



ground color. But don’t use biue for text,
edges, narrow lines, or small objects.

* Avoid distinctions based on the color cue
only. When using colors, always use a
second cue {e.g., label, shape, texture) for
color-blind students.

GUIDELINES FOR MOTION VIDEQ

Motion video is often a major element of ICW,
A high level of detail is necessary in the storyboard
to ensure that the video producer has sufficient
information to get an accurate video shot. Guide-
lines for motion video are presented below.

1. Present all information in three-shot sequenc-
es (long, medium, and close-up) to establish
visual orientation. Use close-up shots to grab
the student’s attention and imply that some-
thing is important. Use long shots to estab-
lish frames of reference. Try to avoid static
shots when shooting motion video. )

2. Use a zoom-in to focus a student’s attention
on a particular object while maintaining visual
orientation. This provides a similar effect to a
three-shot sequence.

3. When showing something new, focus on the
subject long enough for the audience to regis-
ter what is being shown. Once the audience
has seen the subject in the shot, you don’t
have to focus on it as long the next time you
show it.

4, Keep the main subject well lit and watch for
possible background distractions. The eve
focuses on lighted instead of dark areas and
movement instead of static images.

5. Consider using the following motion video
formats:
* Facility/event walk-through {with an off-
screen narrator]
Lecture {talking head)
Demonstration {(show and tell} and modeling
Interview
Talk show format
Panel discussion
Dramatization
Simulation

6. Use "first-person” simulation to allow the stu-
dent to perform actions as closely as possible
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10.

11.

12.

to the actual situation {e.g., operating a piece

.of equipment or troubleshooting). Usually

first-person simulation is the preferred method
because it facilitates transfer from training to
on-the-job performance.

Use "third-person™ or directed simulation to
allow the student to vicariously experience the
situation by directing a "person” in the pro-
gram to perform whatever actions the student
wants to perform. A "third-person” simulation
may be more appropriate when you want the
students to explore the consequences of both
right and wrong behaviors in a high-risk
situation.

Use audic and video to reinforce each other.
Never present two unrelated or clashing
pieces of information at the same time with
audio and video. Design a visual message
appropriate to the content and make sure that
each visual ties in directly to the accompany-
ing audio. Presenting unrelated or clashing
information or an inappropriate visual will
often confuse the student.

Present a series of visuals before or at the end
of instruction. Quick visual inserts presented
before instruction stimulate recall of prerequi-
sites, serve as an advance organizer, direct
attention to key information, and heighten
interest. Quick visual inserts presented after
instruction remind the audience of the key
information and enhance retention.

Show future events or consequences of unac-
ceptable performance (e.g., disaster caused
by human errors) prior to instruction. This
guideline is useful to impress the audience
with the serious outcomes associated with
unacceptable performance and to motivate the
audience to adopt acceptable behaviors or
practices.

Repeat program content in either an identical
format or a different perspective to draw
attention to particular items, heighten interest,
and enhance retention. Things that are re-
peated are often remembered better. The
mere fact that something is repeated implies
that it is important.

Use motion video rather than still frame if the
content requires movement to clearly depict



the point. Use still frames if production re-
sources are limited or there are steorage limita-
tions with hardware.

Although expensive to produce, full-motion
video can be used to represent reality and help the
student achieve a high degree of transfer from
training to on-the-job performance. Motion video
can often add motivational value to training. For
these reasons, motion video is often used to
support affective domain objectives and simula-
tions. However, it may be impractical or impossi-
ble to produce full-motion video. If this is the
case, animation sequences and graphics may be
substituted so that instructional effectiveness is
not compramised.

GUIDELINES FOR GRAPHICS/ANIMATION

Graphics and animation sequences are often
developed to enhance learning. Guidelines for graph-
ics and animation design are presented below.

1. Use graphics or animation when:

¢ A realistic presentation {i.e., video) may
overwhelm the audience with too much
detail.

e Conditions or problems to be portrayed
occur so infrequently that a video presenta-
tion is not practical.

* Minute details are required. Video often
has lower resolution than graphics.

2. Use graphics to reduce irrelevant details and
highlight key information. Video may be used
together with or following the graphic
presentation.

3. Avoid biases or stereotypes in graphics or
amimation {(gender, ethnic groups, etc.). Use
of biases or stereotypes is insulting and
distracting.

4. Use exaggeration and humor carefully to
heighten student interest and to facilitate
recall. People often remember exaggerated or
humeorous information better and can be moti-
vated by it.

GUIDELINES FOR TEXT
Text is often used to present content or high-

light certain information. Guidelines for designing
text are presented below.
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1. Limit the amount of text on screen. it is more
difficult and takes longer to read text on a
screen than in print. People read text on a
computer screen at a rate 28 percent slower
than reading from a book.

2. Position text appropriately. Regular text
should be left-justified only. Center headings
and titles. Don"t hyphenate words at the end
of a line. )

3. Use the following format technigues:

* Provide generous white space to separate
blocks of information.

* Use headings as content summarizers and
navigation aids.

 Convert sentences containing serial items
to lists.

* Qrganize complex information into tables to
help learners integrate program content.

» Reserve use of all upper case for emphasis

and titles only.

4. Use the following attention-getting techniques:

* Limit highlighting or boldface to 10 percent
of the display.

+ LUse italic type for titles or headings.

Use reverse video or blinking with extreme
discretion. Never blink text to be read.

» Use mixed type sizes or fonts to differenti-
ate screen components.

s Use no more than one attention-getting
technique on a single screen. Remember
that oversaturation will reduce the effec-
tiveness of these techniques.

5. Verify the appropriateness of the colors used
for text under simulated presentation condi-
tions. The clarity of colors used for text will
vary depending on such factors as lighting of
the room where the ICW stations are and
proximity of the student to the machine.

GUIDELINES FOR ALUDIO

The audio part of a storyboard is used by the
narrator during audio production. Guidelines for
audio design are presented below.

1. Use audio for primary presentation of the
program content when the message is short,
simple, and requires immediate student
response; or if the target audience has poor
reading skills.



Don’t allow audio to interfere with reading
from the text and vice versa. To be most
effective, audio and text should complement,
not compete with, each other.

Don’t put a lot of text on a single screen.
Research data indicates that students find it
easier to complete lessons which use audio
extensively to present information. Students
generally prefer not to have to read fong text
passages off a screen.

Don't let audioc compete with video presenta-
tions. Audio should support rather than
contradict or interfere with visuals. Long si-
lences or competing audio and video may
confuse students.

If audio is used, provide students with head-
phones. Students in a lab environment will
not be distracted by the audio from other
student stations if headphones are provided.

When scripting narration, consider using the

following techniques:

* Visualize the images that will be presented
on the screen during the narration.

* Use style and tone appropriate to students’
language ability, subject matter knowledge,
and vocabulary.

¢ Write the script for the ear, not the eye.
Read the script out loud to yourself and
listen to how it sounds.

¢ [Keep the language simple, use the actlve
voice, and be direct.

Use short sentences.

* Watch out for acronyms, technical jargon,
and unfamiliar terms. Define them if you
have to use them. = S

* Make the transitions from one concept to
another clear.

* Provide a corresponding visual for every
piece of narration.

* Avoid long pauses in visuals while waiting
for extended narration to finish.

* Select appropriate narrators.

* Alternate male and female voices to provide
variety and maintain audience attention.

To make it easier for the narrator or profes-

sional talent to record or read the ICW audio,

use the following techniques:

* Number all pages in the upper right-hand
corner.
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8.

~10.

11.

+ Use a legible type size.

» Specify how acronyms should be read.

¢ Spell out all numbers.

» Spell difficult words and names
phonetically.

» Separate each letter in an abbreviation with
a hyphen (e.g., -C-WI. .
Deascribe nonverbal cues in parentheses.
Indicate pauses by the word "PAUSE". in
parentheses. — _

¢ [ndicate emphases in parentheses if inflec-
tion s not obvious.

* Double or triple space between lines.

Stick to the message. Tell the students only
what is relevant.

Keep the audio script short and simple. If the
message is too long, break it into chunks
separated by instructional activities (e.g.,
quizzes, reviews, hands-on exercises). Stu-

_dents may get bored if they receive infor-

mation passively from the program for an ex- -
tended period of time.

Use sound effects as cuas. Once the link
between a sound effect and a specific event
is established, the sound effect can serve as
an efficient navigation aid, such as the
following:

s Use a beep or an "oh-oh" to clue students
that they've done something incorrectly on
the screen (e.g., wrong entry). Provide
headphones to the students so classmates
won’t know when mistakes are being made.

» Use tunes associated with certain events in
the program (e.g., introduce a quiz with a
short music sequence}

Keep productaon limits in mmd {i.e., budget
time, and technical capabilities of production
staff and equipment). Allow time for audio
rework, which could happen as the develop-
ment effort proceeds. You obviously want to
avoid reaching a point in the development
effort where you have run out of funds and
"aren"t quite finished™ with the program.

GUIDELINES FOR PROGRAMMING

The actual programming or authoring of an

ICW program typically occurs during the develop-
ment phase. However, consideration needs to be
given to a number of programming issues during
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storyboard design. [tis wise to establish program-
ming standards before beginning to storyboard the
content. Standards save time; they eliminate the
need for reinvention and modification. Standards
also promote clarity and consistency. Although a
certain degree of flexibility is necessary and chang-
es may occur along the way, standards establish

consistency throughout the entire ICW program. -

Follow these program standards, unless you can
offer a convincing argument as to why the stan-
dards are not applicable to your design.

Consider Programming Standards or Conventions
for:

Screen Type

* Course/lesson/subject title screen
Introduction/overview screen
Instructional screen
Inserted question and feedback screen
Review screen
Summary screen
Practice/exercise screen
Test screen
Help screen

Screen Layout
* Amount of text
Text placement
Headings
Margins
Text font and size
Captions
Color (text, background, emphasis, borders)
Attention-getting cues
Paragraph indentation
Buttons {what - navigation/help/content;
format - icon/ftext)
Menus (structure, labels)
Windows

Questions and Feedback
s Presentation of questions (text, audio,
graphics, or combination)

+ Type of student responses required {(point-

ing, selecting, or text entry}

* Number of tries allowed
Hints
Type of feedback for each try (knowledge
of result, explanation, remediation)

* Presentation of feedback (text, audio,
graphics, or combination}
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Presentation Sequence in Each Segment
+ Title screen
* QOpening (motivational video segment)
e |ist of objectives
* Main body of instruction with mserted
questions and periodic reviews
Summary
* Exercise, practice, and test

Miscellaneous

* Naming conventions for video segments
and files
Transition
Sign-on procédures
Cursor placement on each new screen
Voice (e.g., referring to students as "you"
and the program as "I" or a third person}
*+ Movement instruction (given via audio

channel or buttons on the screen)

SUMMARY

The guidelines presented in this paper are
based on over ten years of research regarding the
design and development of interactive multimedia
courseware. Because the research findings are at
times contradictory, it is important that the guide-
fines and approaches that you seiect be based on
the particular circumstances of your training appli-
cation and users. For example, factors such as the
learning skills and motivation of the target audi-
ence, the complexity of the instructional content,
and the hardware and software selected for ICW
development and delivery will greatly affect the
courseware design. These guidelines are not
meant to be applicable to all learning situations and
training environments. The guidelines should be
selected and adjusted based on specific program
requirements and resources.
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