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(ABSTRACT)

Researchers are presently developing information visualization technologies, with one of
their primary purposes being the assisting of educators in the teaching of students. This
thesis examines whether this technology affects student learning and attitudes toward the
learning experience. By presenting information to students using visualization
technologies, the hypothesis was tested that learning would be facilitated and that
attitudes would be affected positively.

Students were asked to participate in a visualization exercise in which they experienced
topographic maps presented in an animated digital medium. Some students observed the
maps displayed on a computer monitor, or projected on a traditional movie-screen, while
other students were involved in a virtual reality presentation through the I-Desk (single-
wall CAVE), as well as the CAVE itself.

From these results, a gauge of student reaction to the use of this technology was
developed. In particular, it was discovered that students did learn to recognize plan view
contour signatures after viewing 3-dimensional visualizations. In addition, students also
reacted positively on a variety of attitude measures. Because of weaknesses in the
research design these results cannot be generalized to the larger population of students.
However, this information could be useful to researchers interested in further examining
this field of study, as well as to instructors who wish to incorporate such visualization
technology into their own teaching curriculums.
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CHAPTER 1: INTRODUCTION

Traditionally, learning to read and correctly interpret contour maps has been a rite
of passage for aspiring landscape architects. The author himself went through this very
ordeal some three years ago, and can personally attest to the difficulty. The basic
problem that this thesis addresses is the continued development of tools which both
facilitate student learning of this information, and increase positive student attitude
toward the learning of this information.

In keeping with this outlook, the University Visualization and Animation Group
(UVAG), whose facilities were used during this thesis, focuses upon "how we use virtual
environments and visualization to transform our data intensive worlds into an
information-rich experience (Virginia Tech 2001, 36)." UVAG is interested in data
visualization in a desire to "increase the chance that new information technology can
actually be used by people for real purposes (Virginia Tech 2001, 28)." This is a theme
that is echoed throughout this thesis.

This thesis presents a project with the pragmatic intention of aiding students in
developing an understanding of contour maps. This will be accomplished through the
development of six digital models of specific contour signatures, which will then be
displayed in various modes of digital projection, including monitor display, big-screen
display, and virtual environment display. Each of these models of a specific contour
signature (i.e., hill, ridge, valley, spur, saddle, or draw) is presented as an overlay upon a
digital elevation map (DEM). The series of six models, shown in succession, thus
presents a demonstration of the process of visually converting 2-dimensional contour
maps into 3-dimensional topographic images. For many, it is visualizing this particular
conversion process that lies at the heart of their difficulty in comprehending contour
maps. By presenting this information, students will have an educational experience, and
an opportunity will be allowed for research into the nature of their reaction to these
digital models.

Specifically, within the context described, the hypothesis was tested that learning
would be facilitated and that student attitudes would be affected positively. Through the
utilization of two distinct testing instruments, student reactions to the models were

recorded and analyzed. These two instruments were: (1) a testing instrument that gauged
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their improvement in correctly connecting contour signature symbols, and (2) a
questionnaire assessing their attitudes towards the learning experience. From these
results, student reaction to the use of this technology as part of the learning experience
was gauged. It is the intention of this project that such information might be of assistance
to instructors wishing to incorporate visualization technology into their own teaching.
The Literature Review Chapter of this thesis discusses current issues related to
research into visualization, education, and the consequences for landscape architecture
instructors interested in incorporating such technology into their own teaching. The
Methodology Chapter follows with description of the methodology employed. The
Results & Analysis Chapter is next. It describes the results obtained from the survey and
the symbol-matching test, and performs an analysis upon those results. Finally, the
Discussion and Conclusions Chapter of this thesis describes lessons learned from this
research thesis that might prove helpful to researchers interested in performing further

exploration into this field of study.



CHAPTER 2: LITERATURE REVIEW

2.1: Chapter Introduction

The Literature Review Chapter is important in that it establishes a grounding from
which the rest of this thesis will proceed. It is divided into two main sections. These are
(1) discussion of visualization tools and their relevance to landscape architecture
education, and (2) description of issues relevant to the practical utilization of this
technology, particularly as pertaining to the development of the visualizations used in this

thesis.

2.2: Visualization Tools and the Landscape Architecture Instructor

Landscape architecture instructors stand as the conduit to a vital artery of
information in being the facilitators of the educational process. They are responsible for
conveying the technical knowledge that is necessary to begin a career as a landscape
architect. But they also, through the tools and techniques by which they convey that
information, influence how students feel about the knowledge they are learning. Thus the
educational process can be understood as doubly important, in shaping not only what
students know, but also how they feel about what they know. Recognizing the
importance of each of these facets of education, this thesis assesses visualization
technology in both respects.

Within landscape architecture, there are many areas of technical knowledge that
need to be covered, but primary among them is a firm understanding of site engineering.
As evidence, almost all landscape architecture departments teach a version of “Landscape
Architecture Technology I: Grading” to both their incoming undergraduate and graduate
students upon entering the curriculum. Within this course, a primary task is developing
an understanding of how to visualize the information presented in maps. For this reason,
this thesis focuses upon using visualization technology to facilitate teaching information
particular to this arena.

Strom and Nathan (1998) begin their book, Site Engineering for Landscape

Architects, with the statement: “The shaping of the earth’s surface is one of the primary
functions of site planners and landscape architects (xi).” Unfortunately, the learning of

this crucial skill is often a painful ordeal, leaving many with the attitude that they’ve
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never really achieved a firm grasp on the techniques and theory necessary for fully
understanding the process. One of the first, and certainly the toughest aspects of this
learning process is developing an ability to read topographic maps and recognize the
contour signatures represented on them.

Of those that do develop this skill, many have only a superficial understanding of
the conjecture that connects various denominations of symbolic contour symbol. As an
example, they might know that round circles with internally escalating numbers is a
symbol that corresponds with the term “HILL”, but might lack the ability to clearly
visualize exactly how the symbol of round circles is constructed in three dimensional
space to extrude into a model hill.

Technologies used to convey this information have traditionally been: (1) printed
media, (2) cardboard modeling, and (3) real-world study. This research thesis will
examine computer-generated animation as a possible fourth alternative to these mediums.
Part of the unique package of benefits that computer animation offers is its ability to
conform to multiple human-computer-interface (HCD)' platforms. So as to maintain
sensitivity to this particular facet of the technology, it is crucial that any project involving
the assessment of such technology recognize the importance of exploring multiple HCI
platforms when presenting computer models to subjects. Therefore, this thesis will
explore the use of (1) computer monitors, (2) projection screens, (3) the I-Desk, and (4)
the CAVE.

The first two of these platforms, computer monitors and projection screens, are 2-
dimensional viewing areas, but with the capability of conveying moving perspective
through the use of computer animation. The next two of these platforms, the I-Desk and
the CAVE, are 3-dimensional viewing systems, that utilize stereoscopic envisioning to
convey depth of space, but otherwise work similarly to a computer monitor or projection
screen. Through the use of these technologies, visualizations can be demonstrated to
students for the purpose of enhancing their educational experience. This thesis is

interested in assessing the use of visualization technology to facilitate the teaching of

! Human-computer-interface (HCI) refers to the arrangement of predominantly visual and audio cues
designed for enabling effective communication between a computer and the computer’s user.
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map-based information to landscape architecture students, as well as gauging the
students’ attitudes towards this experience.

Although all landscape architecture students are required to develop an
understanding of maps, only some undertake this task of learning as a joy of exploration,
an opportunity to improve upon the internal conception of one’s place in the universe.
Unfortunately, there are others who instead develop a loathing for maps, or are even
excluded from the ranks of accomplished landscape architects, as they never escape the
gauntlet of an introductory grading course. This is a sad and unnecessary occurrence, as
the ability to develop a flair for visualizing the information presented through a map is a
skill open to anyone with the patience and interest to learn.

This is especially true now due to advances in the visualization technology
available within the university setting. The next section of the Literature Review Chapter
will therefore focus upon the practical utilization of this technology, describing the
situation surrounding the use of this technology for educational purposes, followed by a
concrete breakdown of some of the principles used in the development of the
visualizations that formed the backbone of this thesis. (For a more technical description

of the development process see Appendix A.)

2.3: Utilizing Visualization Technology for Educational Purposes

Sci-fi fantasies of yesteryear have become today’s realities. William Gibson’s
(1984) vision of a 3D virtual interface with computer-stored data is being realized in
universities across America. Naturally, one of the primary concerns of these universities
is the educational value of the technology. It is in to this realm of research that the
present study falls. One of the biggest hinderances to the future development of
visualization technology, and in particular the virtual reality simulation systems that are
its present apex, is the popular portrayal of this technology having potentially spectacular
recreational benefits, but little more to offer, and certainly nothing of ‘serious’
significance.

This thesis hopes be part of the body of research that refutes this media inspired
fallacy. Towards this objective, this thesis will utilize visualization technology with the

purpose of obtaining an assessment of how it facilitates student learning, as well as how it



positively affects student attitudes towards learning. By having students participate in
visualization exercises, opportunity was created to evaluate this technology. As the
student participants were landscape architects, the content developed for these exercises
was specifically chosen for its relevance to their field of study.

Education at the undergraduate level and beyond recognizes all students as
aspiring specialist in their chosen field. Regardless of what that particular field might be,
the specialist utilizes a distinct, but always evolving, set of tools to attain the deepest
possible immersion into the knowledge contained within their chosen field. The tools for
each unique sphere of specialization are particular to that trade, but the need to devour
that field’s information is universal. In this sense, tools for visualizing information are
universal tools, relevant to all fields of specialization. As an example, the particular
content of a vocational learning demonstration would be quite different for a landscape
architect and a linguist, each learning their respective craft, but many of the principles by
which that information is most effectively presented to the subject are equally relevant to
them both.

Colin Ware (2000) has built a career upon exploring what these universal
principles might be. The effectiveness of the visualizations developed as treatments to be
used in this thesis rely upon adherence to the principles he articulates. His central
doctrine is the belief that information specifically designed to best take advantage of the
natural human nervous system will be the most efficient and effective at getting its point
across. Building upon his central doctrine, Ware has pursued an empirical model of how
the human nervous system interacts with and digests information. From this he is able to
pronounce generalizations about what types of information would best coincide with this
system.

With this understanding, the visualizations developed for this thesis attempted a
re-creation of the kind of information that the human nervous system encounters in
nature. By placing contour maps into the aerial and perspective orientation, and further,
transitioning gradually between the two, students saw the maps in a manner that
coincided with past experiences of how they looked at things. Contrasted with the 2-

dimensional manner in which contour maps are usually encountered, it can be understood



how this method might benefit both their understanding, and foster a positive attitude
toward the learning experience.

The visualizations developed thus demonstrate an appreciation of the dynamic
environment in which the human nervous system has evolved. Developing visualizations
for enabling information input into the human nervous system, which is at core an
information processing system, thus requires an understanding of the role of human
perception; and in particular the process by which perceptions become translated into
information. The remainder of this section will therefore focus upon some of the
principles developed by Ware, and how they were utilized in the development of the
visualizations.

Four principles from Ware's (2000) work were found especially pertinent to the
development of the visualizations used as treatments in this thesis. The first of these is
the use of sensory versus arbitrary symbols. Ware states, "[s]ensory representations are
effective ... because they are well matched to the early stages of neural processing (2000,
10)." They therefore tend to be stable across different cultures. This is a vital
consideration when developing visualizations for educational use because of the
multiculturalism inherent among the student body. In keeping with this principle, the
visualizations developed focused upon conveying information about contour signatures
that were not arbitrary, but instead directly coincided with the real world features that
they represent. More so, the particular focus of the visualizations was a demonstration of
how the seemingly arbitrary contour signatures encountered on 2-dimensional maps are
in fact derived from the sensory impressions made by the features.

A second principle is the use of images versus words. Ware states "[a]s a general
comment, images are better for spatial structures, location, and detail, whereas words are
better for representing procedural information, logical conditions, and abstract verbal
concepts (2000, 319)." The visualizations developed were thus predominantly imagery
designed to convey the spatial structure of the contour signatures as they are perceived
from various perspectives, and especially the transitions between those perspectives.
However, as abstract verbal concepts are best conveyed through words, the abstract

concepts relating to the contour signatures were presented during the introduction of each



individual signature as text. This combination of text and imagery, based upon the above
mentioned principle, was reasoned to convey the strongest educational message.

A third principle put forth by Ware is the necessity for interaction to be fluid and
dynamic. He further states that this is especially important in designing the "data
exploration interface ... mapping between the data and its visual representation (2000,
362)." Ware references Rutkowski (1982) on this issue, and his principle of
transparency, which states similarly, that when transparency is achieved, "the user is able
to apply intellect directly to the task; the tool itself seems to disappear (Ware quoting
Rutkowski, 362)." This principle was especially useful in guiding the development of the
visualizations, as it clearly articulates the importance of making the maps appear as
realistic as possible. To the extent that they accurately portray the visual representation
of actual contour signatures that might exist in the landscape, so will they work
effectively as an interface to the data they are attempting to convey.

Lastly, a fourth principle of key importance in the development of the
visualizations is the principle of continuity. This states "we are more likely to construct
visual entities out of visual elements that are smooth and continuous, rather than ones that
contain abrupt changes in direction (2000, 206)." This principle was useful in guiding
the construction of the contour features, which were kept as smooth and continuous as
possible, as well as the contour lines themselves, which were treated similarly. This was
done with the intention of making the visualizations easily decipherable to the
participants.

These principles were useful in guiding the construction of the visualizations that
served as the backbone of this thesis. As the intention of the thesis is to gauge the
facilitation of student learning through visualization technology, as well as assess positive
student reaction, developing effective treatments was crucial. Through the application of
these principles, this objective was pursued. These principles can also be recognized as
having much broader application then just those mentioned in this section. With more
information being required of each generations graduated students to enter their chosen
field, the university is hard pressed to develop ever more efficient and effective means of

transferring enormous quantities of information into the minds of aspiring specialists.



Within this context, these principles, and the central doctrine of designing information for

the human nervous system, can be recognized for its full importance.

2.4: Chapter Conclusion

This literature review has thus attempted to articulate (1) educational issues
relevant to the use of information visualization technology within landscape architecture,
and (2) principles behind the development of the visualization utilized in this thesis.
Having examined these two primary issues, there is now enabled a bridge into description

of the methodology employed. This is the focus of the next chapter of this thesis.



CHAPTER 3: METHODOLOGY

3.1: Chapter Introduction

This chapter describes the methodology employed during this thesis. It begins
with a description of the treatments that were administered to the student participants, and
how these treatments served as the independent variable in testing the hypothesis that
student learning would be facilitated and attitudes would be positively affected. It then
contains discussion of the participants themselves, and particularly the safety measures
that were engaged for their protection, as well as the protection of the university. This is
followed by a detailed description of the data-collection instruments employed, and how
they provided the dependent variables, gauged through performance on the symbol-
matching test, and assessment of the experience based upon the questionairre. The
methodology for analysis of the data obtained is described, showing how the data will be
used to support or refute the hypothesis. Each section concludes with a discussion of
limitations brought about by the design of the methodology, as they pertain to the

particular topic.

3.2: Treatments

Computer animations containing information relevant to the understanding of
contour maps were demonstrated to students for the purpose of measuring learning and
student reaction to the use of such technology in learning. Participants were shown the
computer animations through one of the following four complementary display modes:
computer screen (157-21”), projection screen (56”-78), I-Desk (single-walled virtual
reality), and virtual reality (VR) environment. For the purpose of this research project,
the University Animation & Visualization Group (UAVG) of Virginia Tech has
graciously permitted use of the I-Desk and the CAVE, both of which are VR simulation
projection systems. Participant observations occurred at two primary locations: (1) the
Virginia Tech Architecture Annex, and (2) Torgersen Hall. All demonstrations involving
the [-Desk or the CAVE took place at Torgersen Hall with almost all other
demonstrations occurring at the Architecture Annex, in both the UAP computer lab and

the basement computer lab.
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All display methods were designed to teach the same material. This was done
with the intention of establishing conformity of experience for all participants. The
visualization treatment served as the independent variable in this research. It was
designed so as to provide the participants with a learning experience utilizing
visualization technology. Within the context of this thesis’ quasi-experimental setup, this
treatment can be understood as a determining factor in effecting the results obtained from
the data-collection instruments. As the instruments were designed to measure facilitated
learning and positive student attitudes, the treatments were designed to provoke these
responses.

Limitations incurred by the design of the treatments include the inability to
definitively contrast results obtained from the data-collection instruments based upon the
particular demonstration mode of the visualization. As visualization exercises had
varying time spans, as well as varying content due to their different methods of display,
comparison of the projection modes cannot be made without recognition of their

discrepancies in uniformity.

3.3: Participants

Participants in the study were undergraduate and graduate students enrolled in the
landscape architecture department at Virginia Tech.” Negative reactions have been
previously reported by users of the I-Desk and CAVE and include: (1) nausea, (2) loss of
balance, (3) general anxiety, and (4) dizziness. For these reasons this researcher was
especially attentive when presenting to student volunteers through these mediums.
Additionally, those subjects that participated in either the I-Desk or CAVE presentations
were required to sign a “Waiver of Liability / Hold Harmless Agreement” (See Appendix
D) that would disallow the researcher, the university of Virginia Tech, and all employees
and/or associates involved in this research, from any possible legal responsibility for the
students reaction.

Participation, including undergoing testing, was voluntary. However, it should be

noted that no students who agreed to engage in a visualization exercise refused to

? Prior to beginning extensive human subjects observation, application for Human Subjects Use Permission
was completed.
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participate in the testing. From the group of students that volunteered their time to
participate, students were then assigned to a treatment based upon the date when they
were available.

Questionnaire responses as well as scores obtained upon the symbol-matching test
were recorded such that it would be impossible to correlate a particular test score or
results with an individual student, thus insuring anonymity. All students were informed
that no aspect of their scoring or participation would in any way effect course grades
from their regular curriculum. Rather, they were informed that they were engaging in
extra-curricular participation in a research project being undertaken with the University’s
awareness.

Limitations incurred by the design of the participant selection include the inability
to definitively attribute results obtained from the data-collection instruments to the
treatment. As there was no control group with which to compare differences, data
obtained from the instruments might reasonably attributed to causes other than the
treatments. These might include past experiences with similar technology, familiarity
with the testing instruments, or behavior modification due to knowledge that they were
involved in a research study (also known as the Hawthorne effect). Additional
limitations are the product of the non-random method by which participants were
selected. Although students were assigned a visualization mode based upon when they
were available, participation in the study itself was done through a self-selecting process.
The repercussions of this might include considerable distorting of the data obtained from
the instruments, most likely in favor of the hypothesis. Further limitations are the result
of the small sample size of the participant group. This resulted in a data set that allowed

for only limited elucidation of the hypothesis.

3.4: Data-Collection Instruments

Two instruments were developed for the purpose of collecting data from the
participants regarding their engagement with the visualization treatments. These
instruments were designed so as to obtain data that would either support or reject the
hypothesis that the treatments would facilitate learning and positively affect student

attitudes towards visualization technology. The first instrument provides a gauge of the
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participants’ degree of learning, while the second instrument provides an attitude
assessment. This was chosen as the way to proceed because of the direct bearing that the
results obtained from these instruments would have upon supporting or rejecting the
hypothesis.

The first instrument (See Appendix B) was designed to measure the subjects’
before and after ability to correctly correlate the matching contour signature symbols
between four columns of distinct mode representation: (1) written term, (2) perspective

drawing, (3) contour lines, and (4) written definition. As an example,

(1) Written term would be: Hlll

(2) Perspective drawing would be:

(3) Contour lines would be:

(4) Written definition would be: A point or small area of high ground,
from which the ground slopes down in
all directions.

Each of the six contour signatures, as well as an example of a "tiger", had such a symbol
contained in each of the four columns. Thus the testing instrument, in its entirety looked

as follows (See Appendix B for a full-scale version):
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| Ag in the example, connect the matching symbol or text in each columnn. |

Spur
A Targe camivorous feling
Hlll & point or small area of high ground
fromm which the ground slopes down in
all directions
Valley
Reasonshly leve] ground bordered an
the sides by higher ground.
Ridge
4 Tine of high gronmd with height
“ariations alomg its crest
Tiger.

g Short, continuously sloping line of
higher ground jutting out the side of 2
ridge
Like avalley but nommally has less

Draw rcoped s e M vl
ground and Little or no manewver roor.
& dip or low point along a ridge crest;
either lower ground between two hill

Saddle tops or a break in the level crest.

TABLE 3.1: Sample Symbol-Matching Testing Instrument

The rational behind the use of this testing instrument was that by pre-testing and post-
testing the subjects for their ability to recognize and identify these contour-signature
symbols, an assessment could be obtained of learning facilitated by the visualization
treatment.

The second instrument (See Appendix C) provides an assessment of the
participants’ attitudes toward the visualization treatment. Questionnaires were used to
record student reaction. Students filled-out the questionnaires immediately following
their completion of the post-visualization symbol-matching testing instrument. The
questionnaire cover-page, “Student Evaluation of the Learning Experience,” informed the
student of the research community's deep interest in student learning experiences
involving the use of information technology. It then requested that the student fill out the
attached questionnaire as part of that research.

The first page of the questionnaire following the cover-page contained three open-

ended questions designed to give the student a chance to articulate their history with
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computer-generated visualizations, as well as their assessment of its potentials as an
addition to the learning experience. Open-ended questions were preceeded with the
instructions that participants were to: "Please answer the following questions to what ever
extent you feel inclined. (You may continue answers on the back of this sheet if you
desire.)" Three individual open-ended questions were asked, the first being: "Prior to this
occasion, have you had any other significant experiences where computer-generated
visualizations assisted you in learning about something? (If yes, please describe.)" The
intention of this question was to ascertain the participant's background using similar
technologies as those being demonstrated in the visualization exercise. It was reasoned
that this would give an indication of the participant’s historical exposure to visualization.
Historical exposure is itself important in that it has bearing upon student attitudes towards
visualization technology.

The second open-ended question asked was: "In what ways do you feel you gain
through having information delivered through the use of computer-generated
visualization technology?" The intention of this question was to give the participant an
opportunity to articulate in their own words the value that they felt that they gained from
this and other similar exercises using visualization technology. It was reasoned that this
information would be helpful in gauging a qualitative assessment of the perceived
benefits to be gained from the use of this technology in the context of an educational
exercise.

The third, and final, open-ended question asked was: "What aspects of your
learning experience do you feel were most enhanced through the use of computer-
generated visualizations?" The intention of this question was to provide the participant
with a chance to express what they felt were the most valuable and/or unique facets of
learning through the particular medium of visualization technology, perhaps even as
compared to more traditional mediums of learning similar material. It was reasoned that
this information would prove fruitful in describing the benefits that might be specifically
particular to visualization technology, or even simply enhanced through its use.

The last page of the questionnaire contained 15 measures of student attitude to the
computer visualization technology. Students ranked their reaction to each statement on a

Likert scale containing the five choices: very poor, poor, average, good, and very good.
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These 15 statements can be categorized into three distinct groups. These groups are: (1)
attitude variables reflecting the clarity of the treatments, (2) attitude variables reflecting
participant comfort with the treatments, and (3) attitude variables regarding future
encounters with experiences similar to the treatments. Statements 1, 3,5, 10 and 11
belong to the first group; statements 4, 6, 12 and 13 belong to the second group; and
statements 2, 7, 8, 9, 14 and 15 belong to the third group.

Statements reflecting attitude variables that pertain to the clarity of the treatments
will be discussed first. The first of these to be ranked along the Likert scale was
statement 1: "The clarity with which the computer-generated visualizations were able to
communicate the information." The rational of having the participants rank this
statement was that it would give indication of the perceived clarity that the visualization
exercises contained, thus indicating how well they felt they information was put forth.
The second ranked was statement 3: " The degree to which the graphics displayed helped
you understand the information." The rational behind the inclusion of this statement was
to find out if the students made a correlation between the graphics that visualization
technology makes available, and their own actual understanding of the information
contained. If, for instance, students found the graphics to be merely distracting then this
would be a strong statement against the feasibility of affectively using this technology in
the learning curriculum. The third to be ranked was statement 5: "The quality of the
information displayed, when compared to more traditional mediums of learning." This
statement was intended to give the participants an opportunity to compare visualization
technology to those mediums of learning to which they were more accustomed. It was
reasoned that this comparison would allow them to express their preference, or lack
thereof, for the newer and less traditional medium of visualization technology. The fourth
to be ranked was statement 10: "Your preference for the style of information that is
produced when computers are used to create imagery." This statement gave students an
opportunity to contrast the presentation made with computer visualization technology
with that of more traditional mediums. It was felt that this was important because the
presentation of computer graphics is in many ways different from most other visuals that
students encounter, and therefore needs to be gauged for understandability. The fifth to

be ranked was statement 11: "The degree to which the computer-generated graphics
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helped you to understand the information." This is perhaps the most directly to the point
of all the statements to be ranked. It was reasoned that although student gauge of this
statement would not measure information actually learned, it would give indication of the
student's own impression of how much they learned, which is nonetheless an important
aspect of the learning process.

The second group was statements that pertain to the participant comfort with the
treatments. The first of these to be ranked along the Likert scale was statement 4: "Your
level of excitement about using computer-generated visualization technology to help you
learn.” It was reasoned that self-reported levels of excitement about the learning exercise
would give a strong indication of the student's inclination to become stimulated and
awakened by the use of computer visualization technology, thus increasing learning. The
second ranked was statement 6: "The ability of computer-generated imagery to capture
your attention." Student reactions to this statement were believed to indicate the
awareness that the visualization exercise excited in the volunteers, thus providing insight
into the volunteer's own measure of their personal interest. The third ranked was
statement 12: "Your feelings that computer-generated imagery is an appropriate medium
for facilitating learning." The reasoning behind including this statement was that the
student's feelings as to the appropriateness of visualization technology would give a
strong indication of how well they found the learning exercise to be suited for future
inclusion in the learning curriculum. This is an important issue, since conformity to the
purposes of education is the focus of the statement rankings. The fourth ranked was
statement 13: "Your comfort level with learning from a predominately visual medium."
The reasoning for including this statement was that although comfort level might
arguably have nothing to do with actual learning, it clearly does have a correlation with
willingness to engage voluntarily with future exercises using visualization technology.

The third group was statements regarding future encounters with experiences
similar to the treatments. The first of these to be ranked along the Likert scale was
statement 2: "Your interest in future encounters with computer-generated imagery within
a learning capacity." It was reasoned that having the students rank this statement would
give indication of their desire after the visualization exercise to continue in the future to

have encounters with this kind of learning. This information might be useful to
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instructors interested in knowing whether students saw this kind of exercise as a mere
novelty, or rather as a worthwhile use of time. The second ranked was statement 7:
"Your impression of a teaching institution that attempts to further develop the use of
computer-generated visualization technology into their curriculum." It was reasoned that
student rankings of this statement would indicate how the use visualization technology
reflected in their minds upon the university as a whole. This was felt important in that an
increase in the university's influence due to the use of visualization technology would be
a strong positive in favor of the use of such technology. The third ranked was statement
8: "Your interest in having more learning experiences which utilize computer-generated
imagery as a medium." Student reactions to this statement were expected to establish an
indication of student reaction to continuing to engage in future visualization exercises
using advanced technology, regardless of actual learning taking place. This was felt
important in that as the medium develops, more effective information conveyance will
become possible, but until then, having general interest will suffice to keep students
actively engaged in any such exercises. The fourth ranked was statement 9: "Your desire
to encounter more educators who utilize computer-generated visualizations while
teaching." This statement was unique in that it asked for the student's impression of the
educator who brought them into contact with visualization exercises, as opposed to the
medium itself. It was reasoned that an important element in teacher willingness to add
computer visualization exercises into their curriculum would be the impression they felt
this would make with the students of them as teachers. The fifth ranked was statement
14: "Your desire to be further exposed to such technology within a learning capacity."
This statement goes directly to the heart of the matter, asking students to gauge their
interest in future exposure to visualization technology. This would appear to be of
paramount importance if such technology is going to be continued to be tested for
inclusion in the learning curriculum. The sixth ranked was statement 15: "Your overall
impression of the educational potential of computer-generated visualization technology."
This last statement gave students the chance to present their own impression of the value
of this technology as it pertains to the learning curriculum. The reasoning behind

including this statement was that the students would themselves, upon completion of the
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visualization exercise, have a clear understanding of how well they felt this technology
actually pertained to the education they were in the process of attaining.

This instrument is designed to obtain data that will then be analyzed for its
support or refutation of the part of the hypothesis that states that student attitudes towards
learning through visualization technology will be positively affected by the treatment.
The first section of the questionnaire (open-ended questions) allows the subjects to
articulate, in their own language, a brief history of their participation with computer
simulation technology within a learning environment, followed by their own thoughts on
possible gains and benefits obtained from such an experience. The second section of the
questionnaire (Likert scale attitude variables) gives the student the opportunity to indicate
those aspects of the learning experience they liked best, as well as those they were less
satisfied with. Combining the results from these two sections will provide a rough gauge
of the extent to which students reacted positively to the treatments.

A pre-test of the instruments was performed. This involved administering a trial
version of the entire observation and data collection process to three separate test
subjects. All test subjects observed the treatments in computer screen display and were
asked to complete both the pre-test and post-tests. Modifications to the testing
instruments arising from this series of exchanges included: (1) a more elaborate display
of the line connecting the example symbols in the central column of the symbol-matching
testing instrument, (2) a lightening of the tonality of the second column of symbols
within the symbol-matching testing instrument, and (3) subjects were thereafter offered a
hard-cardboard rectangle to use as a leaning-board while writing in situations were desk
space was minimal.

To provide an offset to correct for familiarity from completing the test twice, four
practice participants took the symbol-matching test, both pre- and post-, without
watching any version of the videos, or answering the questionnaire. The difference
between these scores was used to eliminate results attributable to a similar familiarity
within the actual testing participants who undertook the same pre- and post-test in the
context of the computer visualization exercises. The symbol-matching testing instrument
was also developed as six distinct testing sheets, each with a unique sorting of the

elements within each of the columns. By distributing three versions of the instrument as

19



the pre-tests, and the other three versions as the post-tests, subjects were both assured a
different version from their pre-test and from their neighbor.

Limitations incurred by the design of the data-collection instruments include
biasing of the results in favor of supporting the hypothesis that attitudes would be
affected positively. Because the attitude measures were all termed as affirmations of the
value of visualization technology, this might bias results in that direction. Likewise, the
open-ended questions also requested that participants respond with positive statements

about the technology, again biasing results in favor of the hypothesis.

3.5: Chapter Conclusion

This chapter has been devoted to providing a description of the methodology that
was developed for this thesis. It began with a description of the treatments that were
administered to the student participants. It then went on to discuss the participants
themselves, and particularly the safety measures that were engaged for their protection, as
well as the protection of the university. There then followed a detailed description of the
data-collection instruments employed. Each section concluded with an analysis of the
limitations incurred because of the design of that particular component. This chapter thus
fulfills the task of enabling segue into the Results & Analysis chapter of this thesis, which

now follows.
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CHAPTER 4: RESULTS & ANALYSIS

4.1: Chapter Introduction

This chapter discusses the results, and an analysis of those results. First, there is
enumeration of the results obtained from the symbol-matching test, which was designed
to measure participant's success rates at correctly connecting symbols representing
contour-signatures, both before and after the treatment. The results from this test will be
interpreted for evidence of support or refutation of the hypothesis that the treatment
facilitated learning. Secondly, there is enumeration of the results obtained from the
questionnaire, which was designed to obtain a measure of student attitudes to the learning
experience undergone. The results from the questionnaire will be interpreted for
evidence of support or refutation of the hypothesis that the treatment positively affected
student attitudes towards visualization technology. Lastly, there is discussion of overall
support or refutation of the hypothesis based upon interpretation of the combined results

from the two data-collection instruments.

4.2: Results and Analysis of the Symbol-Matching Test

The effect of the treatment upon the participants ability to correctly correlate
symbols representing distinct contour-signatures was measured through the use of a
before and after symbol-matching test. The results of this test indicate an increase in
ability to correctly perform this task after the completion of the computer visualization
exercise. Because this increase in the number of contour-signatures correctly matched is
in part attributable to subject familiarity with the instrument during the post-test, a total
of four students (not members of the group from which data was collected) were asked to
solely complete the symbol-matching instrument twice. This provided a control used to
determine an offset number by which to calibrate the results obtained from actual
participants in the computer visualization exercises. The offset number provided by
these four volunteers averaged 1.25, and had a median of 1, with individual score
increases of 1, 1, 1, and 2.

The full sampling included 21 student completed symbol-matching testing
instruments. The test allowed for 18 opportunities to correctly connect contour-symbols.

Average increase over the entire group came to approximately 5.24 (which when offset
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by 1.25 results in 3.99). Student increases ranged from a student who completed 9
connections correctly on the pre-test and 8 connections on the post-test (hence resulting
in an increase of -1 correct connections), to a student with a pre-test containing 2 correct
connections and a post-test containing 18 correct connections (hence resulting in an
increase of 16 correct connections). Only one student performed a perfect 18 on the pre-

test and the post-test. (For a complete listing of individual test-scores see Appendix E.)

Type of Minimum Maximum Mean Mean Increase
Visualization Increase Increase Increase After Offset
Monitor 1 16 7.50 6.25
Projection screen 0 14 5.43 4.18
I-Desk -1 10 3.86 2.61
CAVE 1 9 5.67 442
ALL -1 16 5.24 3.99

TABLE 4.1: Compiled Results of the Symbol-Matching Tests.

Results from the different projection modes indicate that highest overall increases
in ability to correctly match contour symbols were obtained from visualization treatments
involving the computer monitor. These participants showed a mean increase of 7.50
correct matchings, which when offset by 1.25, comes to 6.25. These participants also
showed a minimum individual increase of 1 correct matching, and a maximum individual
increase of 16 correct matchings. Results also indicate that lowest overall increases in
ability to correctly match contour symbols were obtained from visualization treatments
involving the I-Desk. These participants showed a mean increase of 3.86 correct
matchings, which when offset by 1.25, comes to 2.61. These participants also showed a
minimum individual increase of -1 correct matching, and a maximum individual increase
of 10 correct matchings. Both the projection screen and the CAVE showed an
approximately similar increase in correct matchings. The projection screen showed a
mean increase of 5.43 correct matchings, which when offset by 1.25, comes to 4.18.
These participants also showed a minimum individual increase of 0 correct matchings,
and a maximum individual increase of 14 correct matchings. The CAVE showed a mean

increase of 5.67 correct matchings, which when offset by 1.25, comes to 4.42. These
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participants also showed a minimum individual increase of 1 correct matching, and a
maximum individual increase of 9 correct matchings.

Results from the symbol-matching test show highest increases in student ability to
correctly correlate contour symbols from the treatment using the computer monitor.
Results show lowest increases from the treatment using the I-Desk. Approximately
similar increases were obtained from the projection screen and from the CAVE, both of
which resulted in participants scoring roughly between the scores obtained from the I-
Desk and computer monitor.

Interpretation of these results indicates that participants were most adept at
learning from the computer monitor presentation. Possible explanations for this include
the general familiarity that the students had with this medium. The increased comfort
level that would be a natural result of such familiarity might have allowed them to focus
better on the actual content of the visualization, rather then be distracted by the novelty of
the presentation method. This might also explain the low results obtained from the I-
Desk. This was certainly the most novel of the presentation methods, as it combined a
traditionally 2-dimensional viewing screen with the interactive navigability and
stereoscopic viewing of virtual reality display systems. This combination appears to have
perplexed many participants, evidenced by their relatively low test scores.

The projection screen garnered test scores slightly higher than the overall test
scores. Explanations for this result are similar to explanations for the high test scores
obtained by the computer monitor. Participants were generally familiar with this
medium, and therefore seem to have performed reasonably well. Again, like the
computer monitor, this familiarity might have allowed them to focus upon the content of
the visualizations, as opposed to the medium itself. This can be contrasted with the
CAVE, which obtained approximately similar results to the projection screen. Although
this was a novel medium, requiring participants develop familiarity as they progressed
through the treatment, student test scores were nonetheless slightly above the overall
average. Possible explanations for this include the lengthier amount of time that
participants spent viewing the visualizations through this medium. Where both the
projection screen and the computer monitor presented the treatment in just under 6

minutes, treatments involving the CAVE allowed participants to take as much time as
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they wished in viewing the treatments. This was always in excess of 6 minutes, and in
one case even exceeded an hour. Despite this increased time frame for the treatments, it
is still reasonable to interpret these above average results as attributable to the influence
of the medium itself, which attempts to recreate human perception through the creation of
an interactively navigable, as well as stereoscopically viewable, environment. This is
distinctly different from the I-Desk, in that it is immersive, and therefore much more

realistic in simulating actual perception.

4.4: Results and Analysis of the Open-Ended Questions

The questionnaire began with a series of three open-ended questions. Question 1
from the open-ended questions section asked: "Prior to this occasion, have you had any
other significant experiences where computer-generated visualizations assisted you in
learning about something? (If yes, please describe.)" Responses to this question can be
categorized into four distinct groups. The first group is students reporting no significant
previous exposure. The second group is students reporting a little or some previous
exposure. The third group is students reporting significant previous exposure. The
fourth group is students providing incoherent or irrelevant responses to the question. (For
a complete list of the specific responses given to Open-Ended Question 1, categorized by

type of visualization and response group, see Appendix F.)

No Significant | A Little or Some Significant Incoherent or

Type of Previous Previous Previous Irrelevant

Visualization Experience Experience Experience Response
Monitor 2 0 2 0
Projection screen 3 1 2 1
I-Desk 4 3 0 0
CAVE 1 2 0 0
ALL 10 6 4 1

TABLE 4.2: Compiled Results of Open-Ended Question 1.

The first group, students reporting no significant previous exposure, included 10

of the 21 participants. Of these, 2 viewed the treatment through the monitor, 3 viewed

the treatment through the projection screen, 4 viewed the treatment through the I-Desk,

and 1 viewed the treatment through the CAVE. The second group, students reporting a
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little or some previous experience, included 6 of the 21 participants. Of these, 0 viewed

the treatment through the monitor, 1 viewed the treatment through the projection screen,

3 viewed the treatment through the I-Desk, and 2 viewed the treatment through the

CAVE. The third group, students reporting significant previous exposure, included 4 of

the 21 participants. Of these, 2 viewed the treatment through the monitor, 2 viewed the

treatment through the projection screen, 0 viewed the treatment through the I-Desk, and 0

viewed the treatment through the CAVE. The fourth group, students providing

incoherent or irrelevant responses to the question, included 1 of the 21 participants. Of

these, 0 viewed the treatment through the monitor, 1 viewed the treatment through the

projection screen, 0 viewed the treatment through the I-Desk, and 0 viewed the treatment

through the CAVE.

Question 2 from the open-ended questions section asked: "In what ways do you

feel you gain through having information delivered through the use of computer-

generated visualization technology?” Responses to this question can be categorized into

four distinct groups. The first group is students reporting that they do not feel that they

gain. The second group is students reporting they feel that they gain a little or some. The

third group is students reporting that they feel they gain significantly. The fourth group is

students providing incoherent or irrelevant responses to the question. (For a complete list

of the specific responses given to Open-Ended Question 2, categorized by type of

visualization and response group, see Appendix F.)

Feel that I Gain Incoherent or

Type of Do Not Feel a Little or Feel that I Gain Irrelevant

Visualization That I Gain Somewhat Significantly Response
Monitor 0 2 2 0
Projection screen 0 3 2 2
I-Desk 2 5 0 0
CAVE 0 2 1 0
ALL 2 12 5 2

TABLE 4.3: Compiled Results of Open-Ended Question 2.

The first group, students reporting that they do not feel that they gain, included 2

of the 21 participants. Of these, 0 viewed the treatment through the monitor, 0 viewed

the treatment through the projection screen, 2 viewed the treatment through the I-Desk,
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and 0 viewed the treatment through the CAVE. The second group, students reporting that
they feel that they gain a little or somewhat, included 12 of the 21 participants. Of these,
2 viewed the treatment through the monitor, 3 viewed the treatment through the
projection screen, 5 viewed the treatment through the I-Desk, and 2 viewed the treatment
through the CAVE. The third group, students reporting that they feel that they gain
significantly, included 5 of the 21 participants. Of these, 2 viewed the treatment through
the monitor, 2 viewed the treatment through the projection screen, 0 viewed the treatment
through the I-Desk, and 1 viewed the treatment through the CAVE. The fourth group,
students providing incoherent or irrelevant responses to the question, included 2 of the 21
participants. Of these, 0 viewed the treatment through the monitor, 2 viewed the
treatment through the projection screen, 0 viewed the treatment through the I-Desk, and 0
viewed the treatment through the CAVE.

Question 3 from the open-ended questions section asked: "What aspects of your
learning experience do you feel were most enhanced through the use of computer-
generated visualizations?" Responses to this question can be categorized into four
distinct groups. The first group is students reporting that they do not feel that the
learning experience was enhanced. The second group is students reporting that they feel
that the learning experience was enhanced a little or somewhat. The third group is
students reporting that they feel that the learning experience was enhanced significantly.
The fourth group is students providing incoherent or irrelevant responses to the question.
(For a complete list of the specific responses given to Open-Ended Question 3,

categorized by type of visualization and response group, see Appendix F.)

Feel that Learning Feel that
Do Not Feel was Enhanced Learning was Incoherent or

Type of that Learning a Little or Enhanced Irrelevant

Visualization was Enhanced Somewhat Significantly Response
Monitor 0 2 2 0
Projection screen 0 3 4 0
I-Desk 2 3 1 1
CAVE 0 2 1 0
ALL 2 10 8 1

TABLE 4.4: Compiled Results of Open-Ended Question 3.
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The first group, students reporting that they do not feel that they do not feel that
the learning experience was enhanced, included 2 of the 21 participants. Of these, 0
viewed the treatment through the monitor, 0 viewed the treatment through the projection
screen, 2 viewed the treatment through the I-Desk, and 0 viewed the treatment through
the CAVE. The second group, students reporting that they feel that the learning
experience was enhanced a little or somewhat, included 10 of the 21 participants. Of
these, 2 viewed the treatment through the monitor, 3 viewed the treatment through the
projection screen, 3 viewed the treatment through the I-Desk, and 2 viewed the treatment
through the CAVE. The third group, students reporting that they feel that the learning
experience was enhanced significantly, included 8 of the 21 participants. Of these, 2
viewed the treatment through the monitor, 4 viewed the treatment through the projection
screen, 1 viewed the treatment through the I-Desk, and 1 viewed the treatment through
the CAVE. The fourth group, students providing incoherent or irrelevant responses to the
question, included 1 of the 21 participants. Of these, 0 viewed the treatment through the
monitor, 0 viewed the treatment through the projection screen, 1 viewed the treatment
through the I-Desk, and 0 viewed the treatment through the CAVE.

Results from the open-ended questions section of the questionnaire portray a
participant group wherein the majority has either none or some previous experience with
visualization technology, but few have significant previous experience. Of this group
the majority felt that they had achieved at least some gains through the visualization
exercise, with several reporting significant gains. Further, almost all felt that learning
was enhanced at least a little, with over a third reporting that it was enhanced
significantly. Many student comments tended to focus upon the "immediate" aspects of
the technology, and the resulting positive experience that such a facet brings to learning.
Comments also focused extensively upon the ability of this technology to assist the
student in actually "seeing" the information.

Although, in themselves, these results do not demonstrate that learning was
facilitated, they do show that most participants felt that learning was enhanced, with the
majority reporting at least some gains. The results from the open-ended questions thus
demonstrate that the treatments did positively affect the student participants’ attitudes

towards visualization technology. This provides support for the second half of this
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thesis’ hypothesis, namely, that student attitudes will be affected positively by

visualization technology.

4.4: Results and Analysis of the Attitude Variables

The questionnaire concluded with a list of fifteen attitude variables about
visualization technology, to be ranked with a Likert scale ranging along: (1) very poor,
(2) poor, (3) average, (4) good, and (5) very good. These 15 statements are categorized
into three distinct groups. These groups are: (1) attitude variables reflecting the clarity of
the treatments, (2) attitude variables reflecting participant comfort with the treatments,
and (3) attitude variables regarding future encounters with experiences similar to the
treatments. Statements 1, 3, 5, 10 and 11 belong to the first group; statements 4, 6, 12
and 13 belong to the second group; and statements 2, 7, 8, 9, 14 and 15 belong to the
third group. (For a complete matrix of the specific ratings given to the attitude variables,
displayed by participant and treatment type, see Appendix G.)

Attitude variables belonging to the first group, those reflecting the clarity of the
treatments, were given mean ratings ranging from 4.00 to 4.61. The mean rating for all
group 1 attitude variables was 4.33. Participants who viewed the treatments through the
computer monitor provided the lowest mean ratings of group 1 attitude variables, at 4.25.
Participants who viewed the treatments through the CAVE provided the highest mean
ratings of group 1 variables, at 4.53. Participants who viewed the treatments through the
projection screen or the [-Desk provided the same mean ratings of group 1 variables, at

4.31.
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# | Attitude Variable Minimum | Maximum Mean
Rating Rating Rating
1 The clarity with which the computer-generated 4 5 4.19
visualizations were able to communicate the
information.
3 | The degree to which the graphics displayed 3 5 4.14
helped you understand the information.
5 | The quality of the information displayed, when 4 5 4.71
compared to more traditional mediums of
learning.
10 | Your preference for the style of information that 3 5 4.00
is produced when computers are used to create
imagery .
11 | The degree to which the computer-generated 4 5 4.61
graphics helped you to understand the
information.
TABLE 4.5: Results from Ranking of Attitude Variables.
(Group 1: Attitude variables reflecting the clarity of the treatments.)
Attitude Attitude Attitude Attitude Attitude All Group
Type of Variable | Variable | Variable | Variable | Variable 1
Visualization 1 3 5 10 11 Variables
Monitor 4.25 3.50 4.50 4.50 4.50 4.25
Projection screen 4.00 4.43 4.57 3.86 4.71 4.31
I-Desk 4.29 4.14 4.86 3.71 4.57 431
CAVE 4.33 4.33 5.00 4.33 4.67 4.53
ALL 4.19 4.14 4.71 4.00 4.61 4.33

TABLE 4.6: Mean Results of Group 1 Attitude Variables by Type of Visualization.

Attitude variables belonging to the second group, those reflecting participant
comfort with the treatments, were given mean ratings ranging from 4.33 to 4.71. The
mean rating for all group 2 attitude variables was 4.50. Participants who viewed the
treatments through the projection screen provided the lowest mean ratings of group 2
attitude variables, at 4.43. Participants who viewed the treatments through the CAVE
provided the highest mean ratings of group 2 variables, at 4.58. Participants who viewed
the treatments through the computer monitor or the I-Desk provided the same mean

ratings of group 2 variables, at 4.50.
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# | Attitude Variable Minimum | Maximum Mean
Rating Rating Rating

4 | Your level of excitement about using computer- 4 5 4.33
generated visualization technology to help you
learn.

6 | The ability of computer-generated imagery to 4 5 4.71
capture your attention.

12 | Your feelings that computer-generated imagery 4 5 4.57
is an appropriate medium for facilitating
learning.

13 | Your comfort level with learning from a 3 5 4.38
predominately visual medium.

TABLE 4.7: Results from Ranking of Attitude Variables.
(Group 2: Attitude variables reflecting participant comfort with the treatments.)

Attitude Attitude Attitude Attitude All Group
Type of Variable | Variable | Variable | Variable 2
Visualization 4 6 12 13 Variables
Monitor 4.50 4.75 4.50 4.25 4.50
Projection screen 4.14 4.57 4.57 4.43 4.43
I-Desk 4.43 4.71 4.57 4.29 4.50
CAVE 4.33 5.00 4.67 4.33 4.58
ALL 4.33 4.71 4.57 4.38 4.50

TABLE 4.8: Mean Results of Group 2 Attitude Variables by Type of Visualization.

Attitude variables belonging to the third group, those regarding future encounters
with experiences similar to the treatments, were given mean ratings ranging from 4.05 to
4.71. The mean rating for all group 3 attitude variables was 4.51. Participants who
viewed the treatments through the I-Desk provided the lowest mean ratings of group 3
attitude variables, at 4.41. Participants who viewed the treatments through the CAVE
provided the highest mean ratings of group 3 variables, at 4.67. Participants who viewed
the treatments through the computer monitor or the projection screen provided

approximately the same mean ratings of group 3 variables, at 4.50 and 4.52 respectively.
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# | Attitude Variable Minimum | Maximum Mean
Rating Rating Rating
2 | Your interest in future encounters with 3 5 4.52
computer-generated imagery within a learning
capacity.
7 | Your impression of a teaching institution that 4 5 4.48
attempts to further develop the use of computer-
generated visualization technology into their
curriculum.
8 | Your interest in having more learning 4 5 4.71
experiences which utilize computer-generated
imagery as a medium.
9 | Your desire to encounter more educators who 4 5 4.57
utilize computer-generated visualizations while
teaching.
14 | Your desire to be further exposed to such 3 5 4.05
technology within a learning capacity.
15 | Your overall impression of the educational 4 5 4.71
potential of computer-generated visualization
technology.
TABLE 4.9: Results from Ranking of Attitude Variables.
(Group 3: Attitude variables regarding future encounters
with experiences similar to the treatments.)
Attitude | Attitude | Attitude | Attitude | Attitude | Attitude | All Group
Type of Variable | Variable | Variable | Variable | Variable | Variable 3
Visualization 2 7 8 9 14 15 Variables
Monitor 4.25 4.50 4.75 4.50 4.25 4.75 4.50
Projection 4.86 4.57 4.71 4.43 4.00 4.57 4.52
screen
I-Desk 4.43 4.43 4.43 4.57 3.86 4.71 4.41
CAVE 433 4.33 5.00 5.00 4.33 5.00 4.67
ALL 4.52 4.48 4.71 4.57 4.05 4.71 4.51

TABLE 4.10: Mean Results of Group 3 Attitude Variables by Type of Visualization.

Results from the Likert ranking of the attitude variables indicate a participant

group that perceives the clarity with which the treatments present information to be

overall roughly between good and very good, their own comfort with the treatments to be

overall roughly between good and very good, and regard future encounters with other

visualizations similar to the treatments to also be overall roughly between good and very
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good. These are very positive findings, and indicate a participant group that was
generally pleased with the clarity and comfort of visualization technology, and look
forward to future encounters with visualization technology.

Like the open-ended questions section of the questionnaire, these results do not
demonstrate that learning was facilitated. They do, however, show that most participants
felt that comfort, clarity, and potential future encounters with visualization technology all
score highly in their own assessment. The results from the Likert ranking of the attitude
variables thus demonstrate that the treatments did positively affect the student
participants’ attitudes towards visualization technology. This provides further support, in
agreement with the results obtained from the open-ended questions, for the second half of
this thesis’ hypothesis, namely, that student attitudes will be affected positively by

visualization technology.

4.5: Chapter Conclusion

This chapter has described the results of the research done for this thesis. The
results were tabulated from two data-collection instruments described in the previous
chapter. The first instrument measured performance on an ability test designed to
measure participants’ success rates at correctly connecting symbols representing contour-
signatures, both before and after the treatment. The second instrument was designed to
obtain a measure of student attitudes to the learning experience. The results obtained
from the data-collection instruments do support this thesis’ hypothesis that the
visualization treatments would facilitate learning and that student attitudes would be
affected positively. However, because of deficiencies in the research design, the results
cannot be generalized to a larger population, and therefore are not conclusive.
Nonetheless, this does provide sufficient grounds from which to assert that these results
were very encouraging, and point out the need for more detailed study as well as further
research along these lines. This, as well as some other key issues, will be elaborated

upon in the next, and final, chapter of this thesis: the Discussion & Conclusions Chapter.
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CHAPTER 5: DISSCUSSION & CONCLUSIONS

5.1: Chapter Introduction

This chapter includes discussion and conclusions related to this thesis. It is
divided into two primary sections. The first section discusses implications of the research
findings resulting from this thesis, as well as opportunities for further research that might
be pursued by those interested in continuing the examination of this subject. The second
section contains a research design for a project that would continue the study began by

this thesis.

5.2: Implications of Research Findings

This thesis provides insight into the topic of student reaction to the use of
visualization technology in learning, particularly as it pertains to landscape architecture.
However, much additional research is needed before educators have a firm grasp on how
students are reacting to such technology, as well as its potential benefits and pitfalls. The
results of this thesis do suggest that there is potentially positive student response to be
gained through the use of visualization technology.

The findings of this research are therefore general in nature, and though they do
suggest a ripe arena in which to continue examination of this technology, they do not
contain sufficient data from which to deduce any substantial conclusions other than the
existence of general interest, among at least a segment of the student population.
However, as modest as this conclusion seems, it does provide a continuing point for
future research interested in examining the incorporation of visualization technology into
a teaching curriculum. General reactions to new methods and approaches to teaching are
usually met with at least some apprehension and skepticism, and that there is a ripe
testing ground of willing, and even excited, students from which to garner further
experimentation and insight is a very encouraging inducement.

Further research might do well to continue to examine issues surrounding
information visualization, particularly in regards to user interface design and evaluation.
Numerous interdisciplinary research centers, institutes, laboratories, and groups have

formed so as to provide interested researchers with support and facilities for just this

purpose.
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Historically, landscape architects have been appropriately cautious when
incorporating new technologies into their arsenal of tools, and the introduction of the
devices examined in this research thesis should be treated no differently. By beginning
with the examination of these tools within an academic setting, their best and most
effective use throughout the field of landscape architecture can be determined.

The educational opportunities for such a tool are truly astounding in their breadth.
Yet, at least within the popular media, this technology has been primarily associated with
the entertainment and military industries. This is an unfortunate state of affairs that
needs remedy. It should be an imperative of the education industry, but especially of
landscape architecture as a discipline, to fully realize the potentials of this technology
within its own domain; and further, to voice this commitment. Here sits a chance to show

students that which until recently could only be told.

5.3: Proposal for Further Research

The objective of this thesis was to perform a pilot study for a much more
intensive approach that could be undertaken. This thesis is therefore only a beginning,
insofar as research into the arena of visualization technology utilized for the purpose of
education is a ripe field begging for much deeper exploration. The present section of this
chapter will elaborate upon this, describing a research design that would not suffer from
some of the deficiencies that minimized the general applicability of the findings from this
thesis. This will not only demonstrate an understanding of both the weaknesses and
strengths of this study, but might also prove useful to future researchers.

PURPOSE. The basic problem addressed by this proposed research design is the
continued development of tools which both facilitate student learning of information, and
increase positive student attitude toward the learning of information. Within this context,
the specific hypothesis being tested is that visualization technology can be utilized to
facilitate student learning, and positively affect student attitudes towards learning. The
independent variable is the treatments that student participants will undergo, whereas the
dependent variable is the results from data-collection instruments designed to measure
actual learning, as well as student attitudes towards learning. Specific methods of

measuring each dependent variable are identified and developed, with attention to the

34



validity and reliability of the measurement instruments. The importance of this study is
the guidance it will provide to landscape architecture educators considering incorporating
visualization technology into their teaching.

PROCESS. This research design is based in the experimental design method, due
to the degree of control, and as a result, internal validity, that such an approach offers.
This method can also be described as a pretest-posttest control group design. Key to this
approach is the random assignment of participants to either an experimental group or a
control group. This results in two groups that are quite similar, on average, in that any
differences between them will be due to chance. Thus, such random selection helps
improve the generalizability of the results.

Participants in both the control group and the experimental group are
undergraduate and graduate students enrolled in landscape architecture. The
experimental group is given the pretests, subjected to the experimental treatment, and
then posttested. The control group is also pretested, but is given no treatment, but instead
then given the posttests. This is then used as a comparison to the experimental group, so
as to determine whether any change undergone by the experimental treatment was due to
factors other than the treatment. This then serves as the basis for any conclusions about
cause and effect relationships between the independent and dependent variables.

Those participants assigned to the experimental group are given a treatment
involving engagement with visualization technology in a learning capacity. The content
of these visualizations is animations containing information relevant to the understanding
of contour maps (See Appendix A for description of the content, and creation, of the
visualizations). Participants in the experimental group are shown the visualizations
through one of four display modes. These are: computer screen (15-217), projection
screen (56”-78”), I-Desk (single-wall virtual reality), and virtual reality (VR)
environment.

So as to establish a reasonable basis for comparing the experiences of all
participants in the experimental group, all display methods teach the same material.
Within the context of this experimental design, this treatment can be understood as a
determining factor in affecting the results obtained from the data-collection instruments.

As the data-collection-instruments, which will be described in the next section, are
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designed to measure facilitated learning and positive student attitudes, the treatments are
designed to provoke these responses.

DATA COLLECTION. This research design has identified a few dependent
variables to study, therefore this section will elaborate upon means used for collecting
data specifically related to those variables. These dependent variables include actual
learning, as well as student attitudes towards learning. It is therefore imperative to
choose methods that allow the measurement of these variables of interest. It is further
necessary to provide evidence that such data is obtained with instruments that have a
reasonable, and demonstrable, degree of validity and reliability.

This research design considers internal and external validity, and demonstrates
how conclusions obtained from the data are both defensible, and can be generalized
beyond the specific research situation itself. To ensure the internal validity of this
research study, precautions are taken to eliminate other possible explanations for the
results. To ensure the external validity of this research design, it is shown how the results
apply to situations beyond the study itself.

Two instruments are used to collect data from the participants. The first data-
collection instrument gauges participant learning, while the second instrument assesses
participant attitude. The first instrument (See Appendix B) is designed to measure the
subjects’ ability to correctly correlate matching contour signature symbols. By pre-
testing and post-testing the subjects for their ability to recognize and identify contour-
signature symbols, an assessment is obtained of learning facilitated by the visualization
treatments.

The content validity of this data-collection instrument is the extent to which it is
representative of the content area being measured. This is especially important in
situations where the instrument is assessing people’s achievement in some area, as this
data-collection instrument purports to do. This data-collection instrument has high
content validity because it reflects the particular skills that are central to the content of
the visualizations. Secondly, the face validity of this data-collection instrument also rates
high, this being the extent to which the instrument appears to be measuring the
appropriate elements. This will help in obtaining cooperation from participants in the

study.
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The reliability of this data-collection instrument is also strong, and is expected to
yield similar results so long as the characteristic being measured is consistent. Also of
relevance to this data-collection instrument is equivalent forms reliability, this being the
extent to which different versions of the same instrument yield similar results. As this
instrument is to be used in multiple versions, all containing the same symbols, but
arranged differently, equivalent forms reliability is necessary. Further, test-retest
reliability is important to this data-collection instrument, in that this ensures that the
instrument will yield similar results on different occasions.

The second instrument is a questionnaire (See Appendix C) that provides an
assessment of the participants’ attitudes toward the visualization treatment. The results
from this instrument will be analyzed for support or refutation of the hypothesis. The
first section of the questionnaire (open-ended questions) allows the subjects to articulate,
in their own language, a brief history of their participation with computer simulation
technology within a learning environment, followed by their own thoughts on possible
gains and benefits obtained from such an experience. The second section of the
questionnaire gives the student an opportunity to indicate personal assessment of a
number of attitude variables relating to visualization technology. Combining the results
from these two sections will provide a gauge of the extent to which student attitudes were
positively affected by the treatments.

The construct validity of this data-collection instrument is strong, which is
important because the instrument measures characteristics that cannot be directly
observed, but must instead be inferred from the participants’ results on the instrument.
This data-collection instrument also rates strongly in reliability, and is expected to yield
consistent results from participants. Internal consistency reliability for this data-
collection instrument is also important, in that this necessitates that all the items within
this instrument yield similar results. Lastly, to ensure that this data-collection instrument
will yield similar results on different occasions, test-retest reliability is also essential.

DATA ANALYSIS. This research design began by formulating a hypothesis, and
then attempting to support this hypothesis by testing some of the conclusions that follow
from it. These conclusions include the measurable presence of facilitated learning and

positive student attitude, as reactions to engagement with visualization technology. The
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previous section described instruments designed specifically to gauge the presence of
these variables. Interpretation of the data obtained from these instruments requires
analysis using statistics. Descriptive statistics will be used to describe the data’s center,
spread, and what it generally looks like. Inferential statistics will be used to make
statements about the larger population based on the participant group.

The effect of the treatment upon the participants’ ability to correctly correlate
symbols representing distinct contour-signatures is measured through the use of a before
and after symbol-matching test. The results of this test will indicate an increase,
decrease, or no change, in ability to correctly perform this task after the completion of all
the computer visualization exercises. Analysis of the results obtained from the symbol-
matching test will be interpreted for evidence of support or refutation of the hypothesis
that the treatment facilitated learning.

Results from the open-ended questions section of the questionnaire will provide a
portrayal of the participant group, indicating previous experience with visualization
technology, feelings of gain through the visualization exercise, as well as feelings that
learning was enhanced. Analysis of the results obtained from the questionnaire will be
interpreted for evidence of support or refutation of the hypothesis that the treatment
positively affected student attitudes towards visualization technology.

The questionnaire concludes with a list of fifteen attitude variables about
visualization technology. These 15 statements are categorized into three distinct groups.
These groups are: attitude variables reflecting the clarity of the treatments, attitude
variables reflecting participant comfort with the treatments, and attitude variables
regarding future encounters with experiences similar to the treatments. When analyzed
within these categories, results from the Likert ranking of the attitude variables will
indicate the participant group’s perception of the clarity with which the treatments
present information, their own comfort with the treatments, and how they regard future
encounters with other visualizations similar to the treatments. This will provide further
support or refutation of the second half of the hypothesis, namely, that student attitudes
will be affected positively by visualization technology.

Lastly, there is discussion of overall support or refutation of the hypothesis based

upon interpretation of the combined results from the two data-collection instruments.
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The results obtained from the data-collection instruments will be shown to either support
or refute the hypothesis that the visualization treatments would facilitate learning and that
student attitudes would be affected positively.

REPORTING FINDINGS. This proposed research design has attempted to
establish a means of studying the effect of visualization technology on facilitated learning
and student attitudes towards learning. So as to help ensure that the results of this design
can be generalized from the sample to the broader population, precautions have been
incorporated into the design. These include use of a control group, and random
assignment to either the control group or the experimental group. This research design
has attempted a proposal that could be carried out by any decent researcher, thus assuring
universality. It has also attempted a proposal that would achieve like results under
circumstances that were similar, thus assuring replication. Further, it has attempted to
focus on those factors that are key to the research problem, thus assuring control. And
this research design has attempted to focus upon data capable of measurement, thus
assuring measurability. All of these precautions are made with the intention of
eliminating as many threats to validity and reliability as possible.

Quantitative research seeks to establish explanations that can be generalized. By
demonstrating and confirming relationships, contributions can be made to theory. The
findings from this research design, whether in support or refutation of the stated
hypothesis, would further this aim. Visualization technology is a ripe field for study, and

this design proposal is put forth with the intention of contributing to such study.

5.4: Chapter Conclusion

This chapter began with a description of the research objectives of this thesis, as
well as the implications of its findings. It then elaborated upon some of the opportunities
for future research into this field of study, and put forth a research design proposal. The
overall intention of this thesis was twofold: on the theoretical level, enhance the scope of
understanding when the topic of student reaction to visualization technology is broached;
and on the pragmatic level, provide assistance in the ongoing effort to develop additional
implements for those educators interested in using visualization technology as a teaching

tool.
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APPENDIX A: CONSTRUCTION OF THE ANIMATIONS

Contains a description of the processes that were undergone in the development of the

construction of the computer animations for display in the various projection modes.
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Construction of the Computer Animations

Development of the computer animations that would contain the content of the
visualization experience that the subjects would undergo was executed through use of
four primary software applications. These were: (1) Autodesk 3D Studio MAX R3, (2)
ESRI ArcView GIS 3.1, (3) Adobe Premiere 5.1, and (4) Saranav and its extended
packages.” This section will detail the process and result that was underwent in
development of both the digital models, and the processing necessary for the different
modalities of display. Although all discussion is particular to the idiosyncratic
terminology of the particular software being discussed, it should be understood that all
functions could have been performed in any number of software applications with similar
attributes (with the exception of the VR development tool Saranav, which at present is
fairly unique).

The first determination in the construction of the videos was deciding upon
appropriate content for the context of this research project. In their chapter on ‘Contours
and Form’, Strom and Nathan (1998) state: “A clear understanding of what a contour
represents is fundamental to the grading process (1).” From there, they go on to elaborate
upon the precise verbal definition of the term contour, “an imaginary line that connects
all points of equal elevation above or below a fixed reference plane or datum.” It was
decided that a demonstration of the various contour signatures that are most prevalent in
the landscape would provide an excellent opportunity to examine the pertinent
visualization technology. To define contour signatures, they are those distinct contour
configurations that represent geomorphic features.

The particular contour signatures that were developed into computer-generated
animations are (definitions by Strom & Nathan, 1998):

1. A ridge, which is a raised elongated landform.
2. A valley, which is an elongated depression that forms the space between two

ridges.

? It should be noted that all of the mentioned software packages, with the exception of Adobe Premiere 5.1,
were provided by the university of Virginia Tech with the understanding that they would be used for the
sole purpose of conducting academic research within the College of Architecture and Urban Studies, as per
the manufacturer’s distribution instructions.
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3. A summit, which is a landform that contains the highest point relative to the
surrounding terrain.
4. A depression, which is a landform that contains the lowest point relative to the
surrounding terrain.
5. A concave slope, which is a slope that is steeper at the higher elevations.
6. A convex slope, which is a slope that is flatter at the higher elevations.
A major consideration in choosing this content for the computer-generated animations
was the aptitude for these particular models to best demonstrate what might be the most
lucrative aspect of the computer visualization technology: its ability to convey three-
dimensional data through the illusion of depth created with animation and proper use of
perceptual cues (in all versions of display); and in the case of the VR environment, actual
perceptual awareness of third-dimensional data through the technique known as
stereoscopic-envisioning.*

After determining the models to be constructed, the next step was finding DEM
data that contained the necessary features. Digital Elevation Model (DEM) is the term
that the USGS uses to describe terrain elevation data sets in a digital raster form. 7.5-
minute DEM correspond to USGS 7.5-minute topographic quadrangle map series, but
with a grid cell resolution of 30m x 30m (or occasionally, 10m x 10m). DEM data
consist of a regular array of elevations, referenced horizontally on the Universal
Transverse Mercator (UTM) coordinate system of the North American Datum of 1927
(NAD 27) (Xu & Wade 2000). USGS DEM files can be downloaded from
library.berkeley.edu/EART/digital/dem/ or ftp://spectrum.xerox.com/pub/map/dem/doc/,

as well as other DEM sites.’

* This process takes advantage of the natural perceptual operation of the human vision system as it intakes
two slightly disparate images simultaneously through each eye, constructing a single image with depth
allowance from the overlay. By projecting two such images simultaneously, an observer wearing specially
designed goggles that, in effect, direct the signals appropriately to the eyes for understanding by the brain,
can truly see 3d-space.

> DEM are often delivered in GNU zip format with no extension. Before you can use such a model, extract
it from the archive and change the file extension to “.dem”. This allows Arcview 3.1, with the Spatial
Analyst plug-in, or 3D Studio MAX, with the DEM2MAX plug-in, to import the DEM. To import a DEM
with the proper file extension, select from the File menu the entry Import. In the file selection box goto
List Types and select Digital Elevation Model (*.dem), then select the DEM by file name, and Start the
import. The import of the file is performed in two passes: (1) Reading the DEM file into memory, and (2)
object creation at low density. At this point Arcview will show an aerial view of the DEM, whereas 3D
Studio MAX will display the DEM as an object centered in its four viewports.
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It was eventually determined that Washington State data would display the
desired contour features for the purposes of this research project, and these models were
taken from www.landinfo.com/l¢_dmuswa.htm. Initial manipulation and navigation of
the DEMs was performed with ArcView GIS 3.1, a geographic information system
developed by Environmental System Research Institute, Inc. (ESRI) who can be found at
www.esri.com. The primary benefit of GIS, other of course than its ability to handle
massive quantities of data, is its ability to categorize that data into individual layers. In
contrast, while a paper map contains many kinds of data, those particular layers are static
and defined.

Ian McHarg initiated a revolution in landscape architecture when he refined and
publicized the technique of developing separate, but translucent, map layers and then
overlaying them in various ways, looking for information (Arendt 1996, 39). The
greatest benefit of GIS is its ability to easily allow the user to perform this exact routine,
but with digitally collected data. Instead of overlaying manually collected data, an
absurdly expensive process, GIS enables a global community to access the very best
cartographic collection devices around the world. Still in its infancy stage, GIS will
eventually enable massive databases of cartographic information to be readily accessible
to anyone with an understanding and access to the basic technology.

After initial perusal in GIS, all pertinent models were imported into the AutoDesk
package: 3D Studio MAX R3. This application is the tool that enables the conversion of
a base DEM (digital elevation model) into a palpable 3d environment. Additionally,
tools provided by 3D Studio MAX enable construction of shapes and objects in a 3D
digital modeling space. Through the use of these tools, DEMs were converted into fully
navigable digital models representing structural, symbolic, and textual demonstrations of
the pre-designated contour signatures to be examined.

For display on both the computer monitor and projection screen, similar
procedures were used in all but the final phases of construction and setup. Utilizing
virtual ‘cameras’ available within the 3D Studio MAX production environment, 30-
second shorts were created of projected flythrough paths in each of the six models. The

process that converts these pathways into a computer-generated animation is known as
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rendering.® In the rendering process, static images are created of each of the viewpoints
from which the camera is situated, and are then combined into a format that allows for
quick viewing of the images sequentially.

General protocol calls for 24 to 30 such images to be presented for each second of
viewing. This is the speed at which the human nervous system loses the ability to ‘see’
the pauses between each image, resulting in the illusion of animation. Presenting in
excess of 30 images per second becomes gratuitous since no discernable difference will
exist for a human observer in the quality of fluidity of the animation. Additionally, this
would create additional production expenses both in terms of dollar cost and bandwidth
cost.’

As the result of this process, six individual video clips, each exploring a unique
contour signature, were produced. Processing of the video clips within Adobe Premiere
5.1 enabled streamlining of the computer-generated animations into a single narrative
video, including appropriate titles and segues, that ran for 5 minutes 52 seconds. This
video served as the presentation data during both the computer monitor and projection
screen demonstrations to subjects.

For insertion into the I-Desk VR environment®, a separate processing of the
original, pre-filming, 3D Studio MAX R3 digital models was necessary. Each of the six
contour signature models was exported as .3ds models (the applications unique file
saving format), and was then converted into .pfb (Performer-binary) files. Unfortunately,
at present the quickest way to do this is through importation of the .3ds model into the
application NewGen, which can then export the model as an OpenFlight (.flt). The

® From the perspective of the computer animation industry, rendering is often considered a serious
productivity bottleneck, as it can easily monopolize all available hardware for extensive periods of time..

" Bandwidth considerations are especially sensitive when an animation is intended for display across a
network. Many creative solutions have been developed to this dilemma, perhaps the most relevant at
present being Macromedia’s application ‘Flash 4.0’. By constructing images with vectors, wherein shapes
are treated as equations, as opposed to bitmaps, wherein images are recorded as color points, much
compression is enabled. Additional compression of file size occurs because Flash 4.0 constructs smoothly
flowing animations using only 12 images per second (which is possible only because of its use of vectors).
These techniques are coupled with streaming, wherein initial images of an animation are displayed before
the final images have been downloaded to the local computer. The combination of these operational
imperatives allows for creative designers to develop extraordinary animations to be presented over the
Internet in very reasonable times, even under low bandwidth conditions.

¥ Permission to use the I-Desk in conjunction with this present research was graciously granted by John
Kelso.
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application Perfly can then be used to convert the .flt file into a .pfb, as well as perform
basic model manipulations.’

Two additional tools that are very useful are Pfbounds and Pftransform, as they
enable centering and scaling of the models. The Saranav application was then used to
conform the .pfb files into models appropriate to I-Desk presentation environment.'
These models, when perused through the navigational hardware of the VR interface,

enable real-time display and movement through the digital environment.

’ As a general rule, if the model doesn’t look acceptable in Perfly, it’s probably not going to get any better
as it progresses down the technological food chain.

' Since then, Saranav has been coopted into Diverse, a software program that intends to allow program
writers to run a program on multiple platforms.
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APPENDIX B: SAMPLE SYMBOL-MATCHING TEST

Contains a copy of a sample blank symbol-matching testing instrument, such as those
given to subjects prior and after participation in a computer visualization exercise.
(NOTE: Originals supplied to the subjects for the purpose of this research project were

contained on a single 11x17 inch sheet.)
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As in the example, connect the matching symbol or text in each column.

Spur

Hill

Valley

Ridge

Tiger

Draw

Saddle




L]
&N

I

A large carnivorous feline.

A point or small area of high ground
from which the ground slopes down in
all directions.

f‘,//ﬂ\\
(_-ﬂ'/‘*":-:.__m VAN j\

Reasonably level ground bordered on
the sides by higher ground.

A line of high ground with height
variations along its crest.

1 Short, continuously sloping line of
O higher ground jutting out the side of a
ridge.

- Like a valley but normally has less
a0 developed stream course. No level
- ground and little or no maneuver room.

A dip or low point along a ridge crest;

either lower ground between two hill

tops or a break in the level crest.
g S
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APPENDIX C: SAMPLE QUESTIONNAIRE

Contains a copy of a sample blank questionnaire testing instrument, such as those given

to subjects after participation in a computer visualization exercise.
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Student Evaluation of the Learning Experience

TOPOGRAPHIC VIDEO MODULES - STUDENT QUESTIONNAIRE

The research community is deeply interested in student learning experiences involving the use of
information technology. As part of this research, it would be very helpful if you could complete the
attached evaluation form.

The questionnaire should take no more than 10 to 15 minutes to complete.

Thank you very much for responding.
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Open - Ended Questions

Please answer the following questions to what ever extent you feel inclined.
(You may continue answers on the back of this sheet if you desire.)

1. Prior to this occasion, have you had any other significant experiences where computer-generated
visualizations assisted you in learning about something? (If yes, please describe.)

2. In what ways do you feel you gain through having information delivered through the use of computer-
generated visualization technology?

3. What aspects of your learning experience do you feel were most enhanced through the use of computer-
generated visualizations?
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Please give your opinion by CIRCLING one rating: Very Poor Avg. Good Very
Poor Good
I [ R E—

1 The clarity with which the computer-generated 1 2 3 4 5
visualizations were able to communicate the information.

2 Your interest in future encounters with computer-generated 1 2 3 4 5
imagery within a learning capacity.

3 | The degree to which the graphics displayed helped you 1 2 3 4 5
understand the information.

4 | Your level of excitement about using computer-generated 1 2 3 4 5
visualization technology to help you learn.

5 | The quality of the information displayed, when compared to | 1 2 3 4 5
more traditional mediums of learning.

6 | The ability of computer-generated imagery to capture your 1 2 3 4 5
attention.

7 Your impression of a teaching institution that attempts to 1 2 3 4 5
further develop the use of computer-generated visualization
technology into their curriculum.

8 | Your interest in having more learning experiences which 1 2 3 4 5
utilize computer-generated imagery as a medium.

9 | Your desire to encounter more educators who utilize 1 2 3 4 5
computer-generated visualizations while teaching.

10 | Your preference for the style of information that is produced | 1 2 3 4 5
when computers are used to create imagery .

11 | The degree to which the computer-generated graphics helped | 1 2 3 4 5
you to understand the information.

12 | Your feelings that computer-generated imagery is an 1 2 3 4 5
appropriate medium for facilitating learning.

13 | Your comfort level with learning from a predominately 1 2 3 4 5
visual medium.

14 | Your desire to be further exposed to such technology within | 1 2 3 4 5
a learning capacity.

15 | Your overall impression of the educational potential of 1 2 3 4 5
computer-generated visualization technology.
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APPENDIX D: WAIVER OF LIABILITY

Contains a copy of the Waiver of Liability / Hold Harmless agreement that subjects

signed prior to participation in a computer visualization exercise involving use of either

the I-Desk or the CAVE.
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Waiver of Liability / Hold Harmless Agreement
THIS IS A RELEASE OF LIABILITY — READ BEFORE SIGNING

Disclaimer Clause

Virginia Tech and all employees and associates are not responsible for any injury, loss or
damage of any kind sustained by any person while participating in any class, event,
training, seminars, or otherwise. Including injury, loss or damage which might be caused
by participation in this research project.

Description of Risks

In associated with such participation in the activities of this research project, |
acknowledge that I am aware of the possible risks, dangers and hazards and activities.
Including the possible risk of severe or fatal injury to myself or others, which include but
are not limited to: The risk of injury from the activities involved in participation in this
research project is and can be significant, including the potential for permanent
disability AND DEATH, and while particular protective equipment and personal
discipline will minimize the risk, the risk of serious injury does exist.

Indemnification

In return for being allowed to voluntarily participate in all activities, I agree:

(D TO ASSUME AND ACCEPT ALL RISKS arising out of, associated with
or related to my participating in activities, even though such risks may have been
caused by the negligence of Virginia Tech of all party/parties involved;

(IT) TO BE SOLELY RESPONSIBLE FOR ANY INJURY, LOSS OR
DAMAGE which I might sustain participating in all activities, even though such
injury, loss or damage may be caused by the negligence of Virginia Tech or all
party/parties involved,

(111) TO INDEMNIFY AND HOLD HARMLESS Virginia Tech and their
employees from any and all claims, demands, actions and costs which might arise
out of my participating in all activities. Even though such claims, demands,
actions and costs may have been caused by the negligence of Virginia Tech and
all party/parties involved.

(Iv) I KNOWINGLY AND FREELY ASSUME ALL SUCH RISKS, BOTH
KNOWN AND UNKNOWN. I ALSO ASSUME FULL RESPONSIBILITY
FOR ALL MY ACTIONS.

Acknowledgement

I, for myself and on behalf of my heirs, next of kin, executors, administrators and
representative acknowledge that I have read this agreement that I have executed this
agreement voluntarily, and that this agreement is to be binding. BY SIGNING BELOW [
HEREBY RELEASE AND HOLD HARMLESS “VIRGINIA TECH”, OWNERS AND
EMPLOYEES. WITH RESPECT TO ANY AND ALL INJURY, DISABILITY,
DEATH, OR LOSS OR DAMAGE TO PERSON OR PROPERTY, WHETHER
CAUSED BY THE NEGLIGENCE OF THE RELEASES OR OTHERWISE.
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By signing I am stating that I fully understand it and its terms. I sign this freely and
voluntarily without any inducement.

Participant’s Signature:

Participant’s Printed Name:

Date Signed:

If participant is a minor (under 18) parent or guardian must also sign.
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APPENDIX E: SYMBOL-MATCHING TEST RESULTS

Contains a breakdown of the results of the individual symbol-matching tests taken by the

student participants.
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Student # / Treatment

Pre-test Score
(Out of a possible 18)

Post-test Score
(Out of a possible 18)

Increase

Student 1 (Monitor) 2 18 16
Student 2 (Monitor) 14 15 1
Student 3 (Monitor) 9 16 7
Student 4 (Monitor) 6 12 6
Student 5 (Projection screen) 15 18 3
Student 6 (Projection screen) 18 18 0
Student 7 (Projection screen) 4 18 14
Student 8 (Projection screen) 5 16 11
Student 9 (Projection screen) 12 13 1
Student 10 (Projection screen) 8 12 4
Student 11 (Projection screen) 9 14 5
Student 12 (I-Desk) 10 10 0
Student 13 (I-Desk) 9 8 -1
Student 14 (I-Desk) 14 18 4
Student 15 (I-Desk) 16 18 2
Student 16 (I-Desk) 6 16 10
Student 17 (I-Desk) 6 12 6
Student 18 (I-Desk) 11 15 4
Student 19 (CAVE) 4 11 7
Student 20 (CAVE) 15 16 1
Student 21 (CAVE) 7 16 9

TABLE E.1: Results from Individual Symbol-Matching Tests.
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APPENDIX F: OPEN-ENDED QUESTIONS RESULTS

Contains a complete list of the specific responses given to the 3 open-ended questions

contained on the questionnaire, categorized by type of visualization and response group.
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Question 1 from the open-ended questions section of the questionnaire asked: "Prior to
this occasion, have you had any other significant experiences where computer-generated
visualizations assisted you in learning about something? (If yes, please describe.)" There
follows a list of the specific responses given to Question 1, categorized by type of

visualization and response group:

Computer Monitor: No Significant Previous Experience

e '"No — (Besides the computer demonstration on how to put together my scanner)."
e "No, but I am very excited by the possibilities."

Computer Monitor: A Little or Some Previous Experience

Computer Monitor: Significant Previous Experience

e "Yes, I have been developing 3-D and VRML animations and CAVE applications
for teaching agricultural pest management. 2.5 years experience"

e "I have some experience developing my own computer models using Autocadd,
and also a little bit with FormZ, but not to much"

Computer Monitor: Incoherent or Irrelevant Response

Projection Screen: No Significant Previous Experience

e "It is probably something that I would do."
° UnO"
e "it's very possible. I don't really remember anything particular"

Projection Screen: A Little or Some Previous Experience

e "Yes, but not in the same way. Not through movement through a virtual area, but
more so through a 2-D experience such as diagrams and charts."

Projection Screen: Significant Previous Experience
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e "Definitely. But not in school, just on my computer"
e "Yes, I constantly use GIS as a visualization tool"

Projection Screen: Incoherent or Irrelevant Response

e "not sure | understand the question, do you mean for classes?"

I-Desk: No Significant Previous Experience

"Not really. Maybe animations on tv?"

"Nothing comes to mind. Sorry."

"no, not with learning but I do play video games — Does that count?"
"dont think so"

I-Desk: A Little or Some Previous Experience

e "Yes, the AutoCADD tutorial"
e "[use Arcview GIS but I don't think that's learning?"
e "videos and cartoons (sometimes)"

I-Desk: Significant Previous Experience

I-Desk: Incoherent or Irrelevant Response

CAVE: No Significant Previous Experience

° HN_OH

CAVE: A Little or Some Previous Experience

° HGISH
e "[use the Internet to do a lot of my research, and also to learn about things that
interest me."

CAVE: Significant Previous Experience
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CAVE: Incoherent or Irrelevant Response

Question 2 from the open-ended questions section of the questionnaire asked: "In what
ways do you feel you gain through having information delivered through the use of
computer-generated visualization technology?” There follows a list of the specific

responses given to Question 2, categorized by type of visualization and response group:

Computer Monitor: Do Not Feel that I Gain

Computer Monitor: Feel that I Gain a Little or Somewhat

e "spur and draw looked the same to me, but it was a good idea to use computers
with maps"

e "Gained a deeper sense knowledge of topography in maps (this question is a bit
difficult to understand given the wording!) Maybe this is a better way to ask:
How have you gained from having information delivered through the use of
computer-generated visualization technology?"

Computer Monitor: Feel that I Gain Significantly

e "Vizualization gives a global, integrated package of information. It is immediate
(compared to linear thought/speech) Easier to remember pictures, especially
when they are animated images"

e "I'm a big fan of computers so I liked seeing the different maps and flying around
them from different perspectives"

Computer Monitor: Incoherent or Irrelevant Response

Projection Screen: Do Not Feel that I Gain

Projection Screen: Feel that I Gain a Little or Somewhat

67



e "if [ have a visual image to relate information to it helps. Although I had trouble
seeing the images the right way — I saw some of them in reverse 3-D"

e "Quick way to learn, but more hands on would be more helpful — Also, I kept
getting confused with the next video and wanted to write down the first one"

e "Wanting to show hills and such is good, and also educational."

Projection Screen: Feel that I Gain Significantly

e "It is easier to understand when you are taken into a valley or placed on top of a
hill. It would make it a faster learning process."

e "By seeing the same subject (terrain) from different mede perspectives, it is easier
to understand."

Projection Screen: Incoherent or Irrelevant Response

e "The words were hard to remember, but probably because I was worried about the
test"

e "I can see why the maps were all shown at once, but it was very hard to remember
they went so fast"

I-Desk: Do Not Feel that I Gain

e "[t's hard to say, I don't think I'm one of them. But that doesn't mean this is bad —
just not for everybody!"

e "again, hard to say — but that doesn't mean it's not"

I-Desk: Feel that I Gain a Little or Somewhat

"Is it helpful, but sometimes very complicated to know what you mean"
"If people looked at maps like this than maybe they would be interested"
"Maps are a good thing for 3D because they are 3D, at least in reality"
"students sometimes like new things, and this is that"

"I learned a little but also got to have a good time, so it was worth while."

I-Desk: Feel that I Gain Significantly

I-Desk: Incoherent or Irrelevant Response
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CAVE: Do Not Feel that I Gain

CAVE: Feel that I Gain a Little or Somewhat

e "[liked to learn the maps, but the tests made it less fun."
e '"the valley map was very good because you were inside it"

CAVE: Feel that I Gain Significantly

e '"computer-generated visualization technology can help clarify 3-D shapes &
forms."

CAVE: Incoherent or Irrelevant Response

Question 3 from the open-ended questions section of the questionnaire asked: "What
aspects of your learning experience do you feel were most enhanced through the use of
computer-generated visualizations?" There follows a list of the specific responses given

to Question 3, categorized by type of visualization and response group:

Computer Monitor: Do Not Feel that Learning was Enhanced

Computer Monitor: Feel that Learning was Enhanced a Little or Somewhat

e "Seeing the features from various perspectives. Also, the peaceful music helped
keep me relaxed and focused."

e "The images made very clear what was supposed to be learned, but were also
confusing because they were hard to keep up with"

Computer Monitor: Feel that Learning was Enhanced Significantly

e "Identifying slopes, ground points ... (Just as a sidenotes, aesthetically speaking,
the colors could have been richer/deeper perhaps?) But, due to the unique
presentation medium, the information was probably better learned + retained vs.
the traditional book + classroom method of learning."
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e "The maps were very helpful, now I feel much better thinking about this, esp. for
when it comes to learning."

Computer Monitor: Incoherent or Irrelevant Response

Projection Screen: Do Not Feel that Learning was Enhanced

Projection Screen: Feel that Learning was Enhanced a Little or Somewhat

e "The computer generated visualizations make it easy to see difficult terrains,
however, the lack of interactivity makes it harder to remember after the
presentation."

e "Good experience, but distracting with all the graphics so fast"

e 'can't say that it is better — but it is a different way to learn. I'm surprised that it is
not used more."

Projection Screen: Feel that Learning was Enhanced Significantly

e "An ability to visualize in 3-D its a reality connection. Flat contour lines are hard
to visualize in 2D. Time could have been longer"

e "The understanding of landforms as a whole, was accepted faster, so I feel
through the use of this program I could develop the knowledge faster and progress
further in a shorter amount of time."

e "Students gain from this because they don't have to imagine things in their head,
but instead they can really see it. much more."

e "when we are given the chance to learn I think this technology can be very helpful
even for people who would rather not have to use computers"

Projection Screen: Incoherent or Irrelevant Response

I-Desk: Do Not Feel that Learning was Enhanced

e "I don’t see why some people need computers to understand, but I guess that is
okay, but they should try to figure things out on their own"
e "It's hard to tell, but it was kindof interesting just to watch"
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I-Desk: Feel that Learning was Enhanced a Little or Somewhat

e "I would be interested in more like this, but don't have much time"

e "[think it is content that is important, graphics make you want to pay more
attention"

e "Technology is good, but teachers still need to be able to communicate with
students or else the students won't learn."

I-Desk: Feel that Learning was Enhanced Significantly

e "3D stuff is much easier to see in 3D"

I-Desk: Incoherent or Irrelevant Response

e "It is important but also I don't know what I would do with it."

CAVE: Do Not Feel that Learning was Enhanced

CAVE: Feel that Learning was Enhanced a Little or Somewhat

e "It is interesting!"
e "I now have a better understanding of maps in 3D, but probably can't remember
the terms and pictures very long."

CAVE: Feel that Learning was Enhanced Significantly

e "Understanding topography. View sheds. Water flow."

CAVE: Incoherent or Irrelevant Response
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APPENDIX G: ATTITUDE VARIABLES RESULTS

Contains a complete matrix of the Likert rankings given to the attitude variables section
of the questionnaire, listed by treatment method. This is followed by a breakdown of the
specific rankings given to the attitude variables, listed by minimum rating, maximum

rating, and mean rating.
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Student # / Treatment
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1 (Monitor)

2 (Monitor)

3 (Monitor)

4 (Montitor)

5 (Projection screen)

6 (Projection screen)

7 (Projection screen)

8 (Projection screen)

9 (Projection screen)

10 (Projection screen)

11 (Projection screen)

12 (I-Desk)

13 (I-Desk)

14 (I-Desk)

15 (I-Desk)

16 (I-Desk)

17 (I-Desk)

18 (I-Desk)

19 (CAVE)

20 (CAVE)

21 (CAVE)
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TABLE G.1:

Matrix of Likert Rankings of Attitude Variables.
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Statement

Minimum
Rating

Maximum
Rating

Mean
Rating

The clarity with which the computer-generated
visualizations were able to communicate the
information.

4

5

4.19

Your interest in future encounters with computer-
generated imagery within a learning capacity.

4.52

The degree to which the graphics displayed
helped you understand the information.

4.14

Your level of excitement about using computer-
generated visualization technology to help you
learn.

4.33

The quality of the information displayed, when
compared to more traditional mediums of
learning.

4.71

The ability of computer-generated imagery to
capture your attention.

4.71

Your impression of a teaching institution that
attempts to further develop the use of computer-
generated visualization technology into their
curriculum.

4.48

Your interest in having more learning experiences
which utilize computer-generated imagery as a
medium.

4.71

Your desire to encounter more educators who
utilize computer-generated visualizations while
teaching.

4.57

10

Your preference for the style of information that
is produced when computers are used to create

imagery .

4.00

11

The degree to which the computer-generated
graphics helped you to understand the
information.

4.61

12

Your feelings that computer-generated imagery is
an appropriate medium for facilitating learning.

4.57

13

Your comfort level with learning from a
predominately visual medium.

4.38

14

Your desire to be further exposed to such
technology within a learning capacity.

4.05

15

Your overall impression of the educational
potential of computer-generated visualization
technology.

4.71
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TABLE G.2: Compiled Results from Likert Scale Rankings of Attitude Variables.
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