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Abstract
We examined individual differences in interacting and learning from diagrams, multimedia presentations and hypermedia instructional manuals and how these individual
differences related to spatial abilities and knowledge. In several experiments, we found
that comprehension of mechanical systems from static and animated diagrams was quite
limited, and often resulted in misconceptions about how the systems worked. Students
learned more from static and animated diagrams if they were augmented with verbal
instruction, and students with high spatial ability and more background knowledge
learned more from these multimedia presentations than students with low ability and less
knowledge. In all of our experiments, learning from static diagrams and text was
equivalent to learning from animated diagrams and commentaries, when these materials
contained the same information. There was no evidence that different formats of
instruction were more or less effective for individuals with different abilities and
knowledge.
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3. Long Term Goals of the Project
3.1 To examine how (1) spatial ability and (2) knowledge affect learning from diagrams,
multimedia and hypermedia displays.
3.2 To examine individual differences in how people interact with hypermedia displays.
3.2 To translate this knowledge into practical guidelines for designing instructional
materials for people of different abihties and expertise.
4. Scientific and Technical Objectives

4.1 To understand how people with different levels of spatial ability and expertise
comprehend diagrams and multimedia displays in domains such as mechanics and what
they learn from these displays.
.
4.2 To develop design principles for interactive displays in these complex domains and to
build and evaluate prototypes embodying these principles.
5. Approach
5.1 Designing different versions of interactive and displays that explain how complex
mechanical systems work.
5.2 Conducting empirical studies of how people interact with these displays, what they
leam from them and from parts of the displays (e.g., static vs. animated diagrams),
and the extent to which they can apply what they learned to make inferences and
solve problems.
5.3 Examining the effects of individual difference variables such as spatial abilities and
knowledge on how and what people leam.
6. Concise Progress Summary
In research conducted with ftmding from the Office of Naval Research in the last
6 years, we developed a model of how people imderstand and make inferences from
multimedia presentations (Narayanan & Hegarty, 1998; 2002). The focus of the
AASERT grant was to ftirther test and develop this model by conducting empirical
studies of how individuals with different amounts of spatial ability and knowledge
comprehend and make inferences from these presentations. These studies involved
collection and analysis of several different types of data, including measures of learning
and comprehension, measures of how people interact with multimedia and hypermedia
displays, response times, eye-fixation protocols, and verbal protocols. Most of our work
was in the domain of mechanics
We conducted research on comprehension of three different types of materials:
1. Static and animated diagrams.
2. Multimedia presentations, including either static diagrams accompanied by text or
animated diagrams accompanied by verbal commentaries.
3. Hypermedia instructional manuals that included static and animated diagrams,
written text and aural commentaries.
6.1 Research on Comprehension of Diagrams
In one series of experiments, we examined what students leam from static and
animated diagrams. Although the focus of the research project was on comprehension of
multimedia and hypermedia displays, it was important to focus on comprehension of
diagrams alone, because a theory of comprehension of multimedia presentations must
include an account of the cognitive processes and comprehension outcomes that result
from exposure to the individual media that make up multimedia presentations. This
scientific account, in turn, can be the basis of a set of principles for the design of

multimedia presentations (cf. Narayanan & Hegarty, 1998; 2002), for example by
specifying when and how diagrammatic materials should be augmented by text.
We conducted 4 experiments on comprehension of diagrams of mechanical
systems. In Experimient 1 we compared comprehension of a mechanical system after
students studied a single static diagram of a mechanical system, a series of three diagrams
that showed different phases in the operation of the mechanical system, and an animation
of the mechanical system. Those who learned frorn 3 diagrams or an animation had better
comprehension of the system than those who studied a single diagram, however there was
no significant difference in comprehension between the 3-diagram group and the
animation group (Kriz, 2002;, Hegarty, Rriz & Gate, 2003). There were no effects of
spatial ability on comprehension.
Experiment 1 therefore indicated limited effectiveness of an animation, in that
studying a complete animation with about 140 fi-ames lead to the same ariiount of
understanding as studying 3 fi^ames of the animation. The literature on animations (e.g.,
Tversky, Morrison & Betrancourt, 2002) suggested two possible reasons why our
animation might not have been effective:
(1) The animation was not interactive, and it is possible that students
comprehension outcomes could not keep up with the speed of the animation.
(2) The animation showed several components moving at once and there were no
attentional cues to direct students' attention to the most important information.
We conducted 2 fiirther studies in which we compared different types of
animation to learning fi-om a single static diagram. In Experiment 2 we compared
comprehension of an interactive animation, a non-interactive animation and a static
diagram. Students who studied the animations had better comprehension than those who
studied the static diagram, but there was no significant difference between
comprehension of the two animations. In Experiment 3 we compared an interactive
animation with attentional cues, an interactive animation without attentional cues and a
single static diagram. Again students who studied the two animations had better
comprehension than students who studied the static diagram but there was again no
difference in comprehension between the two animation groups. There were no effects of
spatial ability, or interactions of abihty with form of instruction in either experiment.
In Experiment 4, we monitored students' interactivity and eye-fixations while
they studied interactive animations either with or without attentional cues. Examination
of the interactivity data indicated that students used the interactivity provided.
Examination of their eye fixations indicated that they were more likely to look at
components of the animations when they were directed to these components by
attentional cues. However there were no effects of either interactivity or attentional cues
on their comprehension. Experiments 2-4 are currently being written up for publication
along with some later research that was funded by a subsequent grant.
In a final experiment on comprehension of diagrams, we obtained preliminary
eye-fixation evidence for mental animation as a strategy in mechanical troubleshooting.

Previous studies of mechanical reasoning suggest that people formulate a mental model
of a mechanical system and are able to manipulate this model while reasoning about the
system. Much as one can rewind or advance a video, people seem to be able to "play" a
causal sequence of steps in their minds. This internal procedure has been dubbed
'mental animation'(Hegarty, 1992). Taking an embodied cognition approach, which
suggests that our bodies are involved in cognitive processes, we proposed that eye
movements can provide evidence for intemal processes such as mental animation. This
study analyzed eye movement data from seven subjects who learned about a flushing
cistern from a computer animation. After viewing the animation, subjects were presented
with troubleshooting questions that required them to think about the reasons why a
breakdown would have occurred. While answering these questions, subjects were
allowed to view a static diagram of the cistern in resting position. The eye movement
data show distinct viewing patterns accompanying certain responses, including fixation
patterns that mirror the movements presented in the computer animation. Furthermore,
subjects often directed their gaze to empty spaces, where parts would have been had they
moved. While talking, subjects did not simply look at the referent of their response.
Rather, their eye movements indicate that they were imagining mechanical movement
and not simply focusing visual attention on the part being discussed. These results
suggest that subjects were using mental animation while reasoning about faults in the
system; that while viewing a diagram, subjects were processing the static visual
information in a dynamic manner. This research was presented at the European Eye
Movement conference in 2003 (Kriz & Hegarty, 2003).
6.2 Research on Comprehension of Multimedia Presentations
Research on comprehension of diagrams alone indicated that diagrams lead to
limited and often erroneous comprehension of how mechanical systems work, hi another
series of experiments, we examined comprehension of multimedia displays that included
diagrams and accompanying verbal instruction.
Li a series of four experiments (Hegarty, Narayanan & Freitas, 2002; Hegarty,
Kriz & Gate, 2003) we examined the effects of learning from external computer
animations and mental animation of static diagrams on people's mental models of a
mechanical system. In three experiments, students learned how a mechanical system
works from various instructional treatments including viewing a static diagram of the
machine, predicting motion from static diagrams, viewing computer animations, and
viewing static and animated diagrams accompanied by verbal commentaries. Although
students' understanding of the system was improved by viewing both static and animated
diagrams, there was no evidence that animated diagrams led to superior understmiding of
dynamic processes compared to static diagrams. Comprehension of diagrams was
enhanced by asking students questions that required them to predict the behavior of the
machine from static diagrams and by providing thern with a verbal description of the
dynamic processes. We concluded that predicting motion from static diagrams engages
students' mental animation processes, including spatial visualization, and provides them
with information about what they do and do not understand about how the machine
works. Verbal instruction provides information that is not easily communicated in

graphics and directs students' attention to the relevant information in static and animated
diagrams. Our research suggests that an understanding of students' mental animation
abilities is an important component of a theory of learning from external animations.
In these experiments we examined the effects of spatial ability and prior
knowledge of machines on comprehension of the various instructional media. While there
were main effects such that those with high-spatial ability and more knowledge had
superior comprehension outcomes, there was no evidence for aptitude-treatment
interactions, i.e. that different formats of instruction were more or less effective for
students with different abilities or knowledge.
6.3 Research on Comprehension of Hypermedia Instructional Manuals

*

Finally, in several experiments, we examined individual differences in learning
from hypermedia instructional manuals that included several different sections aimed to
address different phases in the comprehension of mechanical systems. These experiemtns
were based on hypermedia presentations developed by Narayanan & Hegarty (1998;
2002) with fimding from the parent grant. Details of the structure of these manuals are
described by Narayanan & Hegarty, 2002).
We conducted several experiments comparing these hypermedia manuals to (1)
informationally equivalent printed manuals (2) animations typical of extant research and
commercial CD-ROMS, and (3) mixed-mode explanations extracted from commercial
books. In all of these experiments we found main effects of spatial ability and prior
knowledge in that students with more ability or knowledge tended to have better
comprehension, but there were no interactions of individual differences with format of
instruction. The most striking results of these experiments were that that manuals
designed according to our guidelines were more effective than manuals that did not
conform to these guidelines - both commercial and research products (Narayanan &
Hegarty, 2002; Hegarty, Narayanan & Freitas, 2002).
In collaboration with researchers at the AppUed Physics Laboratory, University of
Washington, we conducted an additional experiment that investigated whether people
learn more from multimedia presentations explaining how machines work if the
presentations show reaUstic, 3d diagrams of the mechanical systems rather than 2D crosssectional views. We had two professionally authored multimedia presentations built for
testing. These manuals, one using 2D and the other using 3D graphics, explain a
relatively complex but familiar device: the flushing cistern. In an experimental evaluation
of these manuals at UCSB, we varied (1) whether students learned from the hypermedia
manuals or merely from a labeled diagram of the machine and (2) whether they received
2-d or 3-d diagrams in their fraining. Results indicated that those who received the
hypermedia visualizations had superior comprehension of the machine, but there was no
difference between those who received 2-d and 3-d views. There were again no
interactions of ability or knowledge with format of instruction.
Finally in an experiment on interactivity we compared the effects of guided versus

free navigation of our hypermedia manual on learning outcomes (Hegarty, Narayanan &
Freitas, 2002). Results indicated no differences in comprehension between participants
who were guided to view the sections of our hypermedia manual in an order prescribed
by our design guidelines and those who were free to view liie sections in any order.
Moreover, Siere were few differences in how people in the guided and free navigation
conditions actually interacted with the materials. Even those who were free to navigate
the manua;l in any order tended to examine the materials iii a linear order. In these
experiments there were no significant effects of spatial ability on interaction with the
hypermedia presentations.
7. Main Results/Best Accomplishments
We found that visual-spatial representations alone, including reaUstic, interactive
animations, have hmited utility for fraining novices about how machines work and that it
is important to augment these representations with verbal instructions that draw people's
attention to the relevant information in diagrams and describe non-visible entities (such
as forces) that are not visible in reahstic visualizations of machines.
In several experiments, we found that comprehension of mechanical systems from
multimedia and hypermedia systems was better for students with high spatial abiUty than
for students with low spatial ability. However there was no evidence that spatial ability
interacted with the format of instruction, that is, there was no evidence that different
formats of instruction were more or less effective for students with different abilities.
In all of our experiments, we found that learning from static diagrams and text
was equivalent to learning from animated diagrams and commentaries, when these
materials contained the same information. There was no evidence Uiat different formats
of instruction were more or less effective for individuals with different abiUties and
knowledge.
8. Impact/Applications
Consistent with much previous research (e.g. Mayer 1991; Hegarty &Just, 1993)
our research suggests that visual-spatial representations need to be augmented with verbal
instruction, especially when designing for novices. A new contribution of our research is
to specify the specific ways in which verbal materials can augment comprehension.
These are (1) to direct students attention to the most relevant information in the diagram
(2) to guide them in "mentally animating" static diagrams and (3) to provide information
about non-visible entities such as forces.
Our research provides no support for converting static printed materials to
interactive computer presentations, including animations. We found no advantages of
animated over static diagrams in our research and no advantage of interactive over noninteractive computer presentations.

Our research provides no evidence for aptitude-treatment interactions, i.e. that
different forms of instruction are more or less suitable for students with different abilities
or background knowledge. Students with higher spatial ability or more relevant
background knowledge learn more from multimedia and hypermedia presentations in
general, but ability does not interact with format of instruction.
9. Technology Transfer
Our main means of faciHtating technology transfer has been through research
presentations at forums attended by scientists and engineers including those from
industry and military. Through various presentations we have disseminated the results of
our research at cognitive psychology and education conferences.
We have also presented our research at workshops at the Naval Pacific
Meteorology and Oceanography Center, San Diego, CA, and at ONR Workshops on
Attention, Perception and Data Visualization.
This is a basic research project and therefore no actual products have been
produced. However, our research has generated a set of guidelines for designing
effective multimedia presentations which have been communicated through our
publications and presentations.
11. Statistics
UCSB: Graduate Students/Postdoctoral scholars supported at least 25% from this grant
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Graduate Students:

Non-minority women: 1
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Minority man: 1
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