ABSTRACT

CARROLL, RODNEY L. Study on the Effective Use of Video Compared to Traditional
Text and Static Graphics for Instructing Spatial Tasks (Under the direction of Dr. Eric
Wiebe, Dr. William Deluca, and Charles Joyner).

The purpose of the study was to compare two forms of instruction, static (illustration
and text annotation) and dynamic (video with audio annotation), for instructing special tasks.
With the advent of new technol ogies the Internet has become a place of sharing of ideas,
communication, conducting business, research, entertainment, and education. Today students
are exposed to many types of instruction including text, text and graphics, and electronic
media. Distance Education is on the rise and the technology that enablesit is becoming more
advanced. By comparing static and dynamic instruction for, this study will help shed light on
which medium is better for instructing spatial tasks.

This study consisted of 24 male and female students at a technical college during the
Spring 2003 quarter. They were randomly placed into a static instruction or dynamic
instruction group. The two groups completed three origami paper-folding tasks, after which
they answered a preferences questionnaire and then were asked to re-do the first origami task
from memory. The results indicated an advantage for the dynamic modality in both time for
task completion and accuracy. However, complexity of the third origami task and video
resolution mitigated the effectiveness of the dynamic modality. No significant difference was

seen in instructional modality preference or in memory retention for the task.
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CHAPTER 1
INTRODUCTION TO THE STUDY

Introduction

Over the past decade education has become more technol ogy based with the devel opment
of computer-based learning (CBL). CBLs have transformed the way education is delivered
and has created a new area in which multimedia is becoming more extensively used to
deliver information. With the power of the Internet, students can now receive their education
anywhere and anytime. According to Serdiukov (2001), over the last four or five years about
70% of the U.S. universities and colleges have begun offering distance courses outside of
their traditional in-class courses. Although a big part of these nontraditional online courses
are made up of extensive web pages filled with text and graphics, some universities have now
begun to stream video across the Internet to broadcast lectures to thousands of students.
According to Naishitt (1994), “multimediawill become a dominant force in the next decade
and the two most significant applications will consist of entertainment and education”.

One areain education that is making use of multimediaisin mathematics, science and
technology education. Courses, both online and in class, have replaced lengthy instruction
manuals with video to instruct students on how to assemble probes, use equipment properly,
and conduct experiments. Video instruction allows students to see and interact with elements
of math, science and technology that would otherwise be too dangerous, expensive or
impossible to see or experience first hand. According to Minoli (1996), by delivering
information that is relevant and supplemental to the subject matter, video instruction can
eliminate unnecessary material not pertaining to course objectives, thus lessening thetime a

student hasto bein class. Along with time saving advantages, video instruction delivers



information consistently. Compared to lecture methods, every student will receive the same
content in the same style of delivery eliminating instructor differencesin interpretation, style,
or emphasis of the course (Minali, 1996, p. 292).

One example where video is used in the classroom isin a Transportation class offered
through the Technology Education Degree at North Carolina State University. One module in
the class requires students to learn about flight. While learning about aerial flight, students
are required to view avideo simulation on how air is disturbed around an airfoil to create lift.
Without this visual representation, students would not be able to see or visualize the airflow
around the foil. The students then conduct an experiment on different types of airfoils
instructed via video instruction. Through video instruction, students in the Transportation
class are able learn about airfoils and how they achieve aerial flight.

Instructional videos require students to use spatial visualization skills to assemble and
manipulate physical objects to conduct experiments and skill-based activities. “ Spatial
visualization is defined as the ability to solve multi-step problems involving configurations of
shapes, primarily using mental imagery or other mental representations and transformations
of same which explicitly preserve the topological and geometric relations of the problem,
while optionally involving additional logical, verbal and symbolic reasoning” (Smith, 2001).
In science and technology education, illustrations, graphics, animation, and video all
communicate visual information. In many cases the visual information that is communicated
isintended to instruct a student to do something spatial in nature.

Thereislimited evidence suggesting that some media are better than others at
communicating certain kinds of information (Najjar, 1998, p. 311). Experience and research

has shown that learners cannot retain large quantities of text; rather they retain individual



"chunks" of text. Long sentences and passages place a great demand on the working memory
which islimited to about five to nine independent items or "chunks' (Wickens & Carswell,
1997). According to Najjar, learners who read screen after screen of text concerning spatial
topics or who receive only simple “right” and “wrong” feedback to their responses are
unlikely to learn. For recalling, recognizing items, and communicating spatial information
Najjar states that pictures are better than text. Pictures have more information available for
processing than text alone allowing the learner to access meaning more quickly and
completely than words, hence the phrase: A picture is worth athousand words. From this, the
conclusion could be reached that spatial information should be communicated using a spatial
medium rather than averbal or textual medium. Universities are already offering online
courses, but are highly saturated with plain text and are poorly designed to communicate
information effectively, especially spatial information. It islikely that if courses intending to
communicate spatial information use video instead of traditional text and static graphics, the
gpatial information would be communicated in away that improves student’s spatial

cognition, saves time, better comprehended, and more consistent.

Research Questions:

1. Will students complete video-based exercise in less time than using traditional static
text and graphics?

2.  Will there be a difference in the frequency of errors between students viewing an
instructional video compared to reading instructions for completing a spatial task?

3. Do students retain more information with video instruction than text and static

graphics based instruction?



4.  Will students show a preference for video-based instruction over traditional text and

static graphics based instruction?

Hypothesis

1.

Students will complete video-based exercisesin less time than using traditional
static text and graphics.

There will be alower frequency of errors for students viewing an instructional
video compared to reading instructions for completing a spatial task.

Students will retain more information with video instruction than text and static
graphics based instruction.

Students will indicate a preference for video instruction over traditional text and

static graphics.

Limitations of Study:

1.

Subjects to be tested will come from the School of Communication Arts Digital
Media classes composed of freshmen, sophomores, juniors, and seniorsin college.
Subjects will be tested doing only afew discrete tasks.

Knowledge retention will not be measured at multiple times spanning along time
period. (i.e. 1-2 years)

Students may not show equal motivation in performing the tasks.



Definitions:

Animation - The creation of artificial moving images.

CBL - Computer Based Learning

Multimedia - sequential or ssmultaneous use of avariety of mediaformats, such as audio,
video, static graphics, text, or animations.

Rendering - The conversion of a high-level object-based description into a graphical image
for display.

Solid M odeling — Solid modeling a process of creating afull 3-D representation of an object
with a computer database.

Spatial Abilities - The perceptua and cognitive abilities that enable a person to deal with
gpatial relations, in other words the visualisation and orientation of objectsin space.
(http://www.intelligencetest.com/any.html)

Spatial Cognition — Spatial cognition is information processing as applied to space and
gpatial relations. (http://www.cs.nott.ac.uk/~geb/IHF-L8.pdf.)

Spatial Visualization - the ability to solve multi-step problems involving configurations of
shapes, primarily using mental imagery or other mental representations and transformations
of same which explicitly preserve the topological and geometric relations of the problem,

while optionally involving additional logical, verbal and symbolic reasoning.

Working Memory - Working memory is conceptualized as an active system for temporarily
storing and manipulating information needed in the execution of complex cognitive

tasks (Baddeley 1986) (e.g., learning, reasoning, and comprehension).



CHAPTER 2
REVIEW OF LITERATURE

| ntr oduction

Multimedia will become a dominant force in the next decade and the two most
significant applications will consist of entertainment and education (Naisbitt 1994). For
example, the number of distance education courses, degree programs, and enrollment in the
US nearly doubled from 1995 to 1998 (Flowers, 2001). “The technology needed by
companies and their employeesis changing so fast that the American Society of Training and
Development estimates 75% of the U.S. work force will need retraining in the next few years

to keep pace with market demands and increasingly global competition” (Eberts, 2000).

Competition

With increasing enrollments and higher demands on education, colleges and
universities are being pressured to provide a higher quality education to alarger market of
students. If universities follow the traditional approach in delivering education, they must
continue to incur the cost of building new campuses and maintaining existing ones, thus

causing the cost of education to increase (Minoli, 1996, p7).

In two studies released by the College Board reported that college tuition and feesin
2001-2002 had increased an average of between 5.5 and 7.7 percent at four-year institutions,
and between 5.5 and 5.8 percent at two-year institutions, while arecord of more than $74
billion was available in student financial aid. According to the College Board report, Trends
in College Pricing 2001, undergraduates at American colleges will pay, on average, from $96

to $890 more than last year for tuition and fees this year, depending on the type of institution.



Students can also expect to face charges of between 3.9 and 6.6 percent more for room and
board (see Exhibit 1). Trendsin College Pricing 2001 is based on data collected in the

College Board's Annual Survey of Colleges, 2001-2002.

Figure 2.1: Average Fixed Chargesfor Undergraduates, 2001-2002 (Enr ollment-
Weighted)

Tuition and Fees Room and Board
Sector 2001-2002 | 2000-2001 | % Change| | 2001-2002 | 2000-2001 | % Change
Two-Y ear Public 1,738 1,642 5.8% * * *
Two-Year Private| 7,953 7,539 5.5% 5,278 5,079 3.9%
Four-Y ear Public 3,754 3,487 7.7% 5,254 4,931 6.6%
Four-Year Private| 17,123 16,233 5.5% 6,455 6,168 4.7%

*Sample too small to provide meaningful information. Very few community colleges provide on-
campus housing. However, it isimportant to keep in mind that community college students pay
significant amounts for rent and food off-campus.

These are enrollment-weighted averages, intended to reflect the average costs that students face
in various types of ingtitutions.

SOURCE: Annual Survey of Colleges, Copyright © 2002 the College Board. All rights reserved.

Potential for Distance Education in Technical Areas

With college enrollments and tuition on the rise, many universities have sought
cheaper aternative methods for delivering course content in order to keep costs down.
Outside of their traditional in-class courses, about 70% of the U.S. universities and colleges

have begun offering distance courses over the last four or five years (Serdiukov, 2001).

The potential need for distance education to be integrated into technology education
is exemplified through a needs assessment survey of educational opportunities in technology
education. Flowers (2001) found through a questionnaire mailed to all professional and

student members of the International Technology Education Association (ITEA), 90% of the




923 respondents noted that they personally used the Internet to learn about some aspect of
technology. Two questions asked respondents for their general opinion about the need for
online technology education. The first question in this area asked: "How much of aneed do
you think there is for online education in technology education (above the high school level)?
The mean response to thisitem was 3.81 (1 representing "no need" to 5 representing "great
need”). Sixty-three percent chose the top two levels, 30% chose "great need,” whereas only

1% chose "no need."

Although respondents had an overall positive feeling toward online courses, there
were some drawbacks noted. Respondent’ s expressed concerns about low interaction ("No
interaction with instructor/classmates"); low quality ("Quality is near zero."); time, work, and
cost requirements ("Cost / time"); persona characteristics ("Motivation™); computer concerns
("Not being totally comfortable with using the Internet”); ignorance and fear ("Unsure of
what it isall about"); and availability ("Finding one to take.") (Flowers, 2001).

From the assessment survey, Flowers (2001) concluded that thereis a perceived need
for online education. Respondents showed interest in courses and workshops covering
activities to teach about technology, new and emerging technol ogies, technology education
curriculum, and using the Internet to teach about technology. Great interest was expressed for
“information and communication” and for “technological design” and may meet a greater

need than other areas creating a greater yield in enrollments (Flowers, 2001).

As society makes the transition from the Industrial Age to the Information Age every
aspect of our lives will change —*from how we shop to how we entertain ourselves to how

we bank” (Bersch, 1999). As aresult of these changes one fact will remain the same: “no



matter who we are, where we live, or what we do, we will be required to be continuously

educated” (Bersch, 1999).

Flowers' (2001) needs assessment survey of educational opportunities in technology
education, found that there was a potential need for distance education from current
professional and student members of the International Technology Education Association
(ITEA). What about those that have graduated and joined the workforce before the arrival of
computers and high-tech telecommunications and need retraining? Will they have a potential

need for education? The answer is most likely yes.

“The technology needed by companies and their employeesis changing so fast that
the American Society of Training and Development estimates 75% of the U.S. work force
will need retraining in the next few years to keep pace with market demands and increasingly
global competition” (Eberts, 2000). Those that will need retraining will be a new type of
student. This new type of student is nontraditional and very different from the typical 18-
year-old college freshmen. These new students maybe adults, employed, in charge of
families, homebound, travel-prone, variously prepared or unprepared for advanced study

(Jones, 2000).

Many just can’'t be on campus or study full time. As you can imagine, being an adult
and a veteran of the workforce, a classroom full of younger students less experienced in life
can be pretty daunting to this new type of student (Jones, 2000). Distance education suits the

new student and will provide a means of reeducation and life long learning.

Now that the need for distance education has been established, what types of courses,

whether in-class or online, would improve from the utilization of multimedia? Thereis



interest in courses and workshops covering activities to teach about technology, new and
emerging technologies, technology education curriculum, and using the Internet to teach

about technology.

Potential for multimedia in Science, M ath and Technology Education

One areain which these types of courses are currently offered is through math,
science, and technology education. Both online and in-class courses in math, science, and
technology education utilize multimediato deliver instructional material. In-class courses
utilize a combination of: CBLS, lecture, textbooks, and some form of multimedia, i.e.
PowerPoint slides, online materials, or video. Most online courses offered utilize text similar
to atextbook or class notes while more advanced courses deliver course material through
streaming video, computer interaction, or computer animation (Eberts, 2000).

Some of these courses, both online and in class, have replaced lengthy instruction
manuals with video to instruct students on how to assemble probes, use equipment properly,
and conduct experiments. Without the aid of video instruction several elements of math,
science and technology education would be too dangerous, expensive, and impossible to
experience first hand.

Video, in whatever form it may be delivered, brings the advantages of compression,
consistency, and visualization to the learning process (Minoli, 1996). By delivering
information that is relevant and supportive of the subject matter, video instruction can
eliminate unnecessary time taken to deliver material not directly pertaining to course
objectives. With this efficiency, students can learn in one-third to one-fourth the time it

would usualy take in a classroom setting. Along with time saving advantages, video

10



instruction delivers information consistently (Minoli, 1996). Every student will receive the
same content in the same style of delivery eliminating instructor differencesin interpretation,
style, or emphasis of the course.

Video isavisua medium and has the ability to hold student interest whileillustrating
difficult concepts, clarify information, accelerate learning, improve comprehension, increase
recognition, and reduce errors (Minoli, 1996, p. 292). Role simulations, process flows, and

subject demonstrations are facilitated through the motion element of video.

Definitions of Media Elements

Research has shown that some media are better than others at communicating certain
kinds of information (Najar, 1998). Text, static graphics, animation, and video are all
capable of instructing spatia information to some degree, but which medium is more
effective? To help determine which medium that will likely communicate spatial information
more effectively, knowledge of how information is communicated needs to be addressed.

There are two major processes that a person uses to comprehend information, a verbal
code and avisual code (Paivio, 1969). Studies are not in agreement which medium is better
than the other for the communication and retention of different types of information. For
example, it was found that for remembering verbal information for a short period of time,
information that is presented viathe auditory medium is generally remembered better than
information that is presented viatext. Thisis supported in a study conducted by Murdock
(2968) in which learners recalled and recognized 10 items from allist better when they were
presented using sound than when using text. Penny (1975) and Watkins & Watkins (1980)

found similar results.
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An instance where conflicting studies occur isin the retrieval of information from
memory. One study indicated that text appears to be better than sound for communicating
verbal information for retaining information over longer periods of time (Ngjar, 1998). This
was supported when text was found to be superior to sound when the verbal information was
alist of words (Severin, 1967), instructions (Sewell & Moore, 1980), four line poems
(Menne & Menne, 1972), and nonsense syllables (Chan, Travers, & Van Mondfrans, 1965;
Van Mondfrans & Travers, 1964). Itislikely that the reason text is better than sound for
communicating verbal information for longer retention is that the learner can visualize the
words and charactersin his or her working memory.

Another study indicated that information that is similar, such as verbal or textual
material, is difficult to differentiate and retrieve from memory (Eberts, 2000). Research has
shown that learners cannot retain large quantities of text, rather retain individual "chunks" of
text (Wickens & Carswell, 1997, p. 106). Long sentences and passages place a great demand
on the working memory, which islimited to retain about five to nine independent items or
“chunks’. Learners cannot hold large quantities of text in their heads, no matter how
important the information is (Soulier, 1988, p. 190).

Information is easier to recall if it is distinctive, such as the information in content-rich
picture (Palmer, 1975). It was found that graphics and visuals increase the amount learned by
adults (Alesandrini, 1984) and by children (Pressley, 1977). Alesandrini and Rigney (1981)
found graphics to be an effective review strategy compared with verbal strategies. In a study
which examined student attitude toward graphics-based learning, Rigney and Lutz (1976)
concluded that using graphics as analogiesin CBI resulted in high levels of satisfaction with

the learning experience (Poohkay, 1995).
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For recalling, recognizing items, and communicating spatial information, Najjar (1998)
states that pictures are better than text. Pictures have more information available for
processing than text alone allowing the learner to access meaning more quickly and

completely than words, hence the phrase: A picture is worth athousand words.

Spatial Visualization

According to Najjar (1998), pictures effectively communicate spatial information, but
how does one decipher spatial information? The answer is through spatial visualization. The
term “spatial visualization” has been combined into broader terms of “visualization” and
“gpatial ability” (Braukmann, 1991). The term “spatial ability” has many definitions, which
makes it difficult to be definitive about its precise meaning (Eliot, 1983). According to Roger
and Strong (2002), two main factors that consistently emerge from within the visualization
discipline are spatial orientation and spatial visualization. Spatia orientation can be defined
as, “ The comprehension of the arrangement of elements within avisual stimulus pattern and
the aptitude to remain unconfused by the changing orientation in which a spatial
configuration may be presented” (McGee, 1979, p. 893). For example, in awrestling match,
even though awrestler may end up in various awkward positions, he knows where he his
relative to his opponent; a gymnast knows where the ground is during their maneuvers.

Spatial visualization may be defined as, “ The ability to solve multi-step problems
involving configurations of shapes, primarily using mental imagery or other mental
representations and transformations of same which explicitly preserve the topologica and
geometric relations of the problem, while optionally involving additional logical, verbal and

symbolic reasoning” (Smith, 2001). Or “spatial visualization is the ability to manipulate and

13



object in an imaginary 3-D space and create a representation or the object from a new
viewpoint” (Roger & Strong, 2002). For example, one can sketch or visualize the front, back,
and side of their car. They can aso imagine what the top or bottom may look like.

Spatial orientation and spatial visualization require some use of short-term visual
memory (Roger & Strong, 2002). Mental manipulation of configurations of two-dimensional
space is associated with spatia orientation while serial operations such asrotation in three-
dimensional space is associated with spatial visualization (Roger and Strong, 2002).

Spatial visuaization is an important factor in student successin avariety of spatial
domains such as geometry, other higher forms of mathematics, chemistry, and physics
(Smith, 2001). In math, science and technology education, spatial visualization is needed to
interpret visual information depicted through illustrations, graphics, animation, and video. In
many cases the visual information that is communicated is intended to instruct a student to do
something spatial. By its very nature spatial visualization is non-verbal and is accepted as a
valid psychological construct.

High performance rendering and animation software, solid modeling packages, virtual
reality, and online courses has opened new doors for spatial visualization research and
measurement. There is conflicting evidence that age, sex, and experience have significant
correlations to one’ s special ability. Roger and Strong (2002) indicated that studies found
age, sex, and experience were all sources of variation effecting individual differencesin
gpatial ability, while Korosik (1982) has found that age and experience have no statistical
significant correlation to spatial abilities. Supporting Korosik’s findings, Devon (1994)
found that previous high school drafting experience had no effect on spatial visualization

skills.
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One aspect that has repeatedly made a statistically significant correlation to spatial
abilitiesis gender. Deno (1995), conducted a study of 396 beginning engineering students
that examined the effects of previous design and mechanical experience on the basis of
gpatial visualization ability. Male students that were highly involved in non-academic
activities such as model building, sketching, and assembly of parts during high school years
scored high on spatial visualization tests. Among females, this correlation was not
statistically significant. According to Deno (1995), actively playing video games was the
only activity for high school-aged women that significantly improved their spatial ability
skills. Boys who had played with Lincoln Logs and Lego type toys in preschool and
elementary school aso scored significantly higher on spatial visualization tests. Girls had
similar results from activities that were more visual, such as educationa TV, during this
same period. Further evidence that spatial ability differences exist between the sexes has also
been found by Eisenburg and McGinty (1977), but depended on the students’ field of study.
They concluded that women might be two to three times more likely to lag behind malesin
3D spatid skills.

If spatial visualization is an important factor in a students’ successin a spatial domains
such as geometry, higher forms of mathematics, chemistry, then how can a student with poor
gpatial visualization skills succeed in math, science and technology education. How can these
students’ spatial visualization skills be improved?

Studies have claimed spatial visualization skills cannot effectively be taught through
typical instructional methods (Salkind, 1976), while others have found that spatia
visualization skills can be improved through instruction (Gillespie, 1995). One study stated

that, “it isindeed possible to improve spatial visualization skillsif the instruction was

15



appropriate and the delivery time sufficiently long (Sexton, 1992). A second study indicated
that it was possible to significantly improve spatial visualization skills during just eighteen
hours of engineering graphics instruction (Braukman, 1991). The question of whether spatial
visualization can be taught remains unanswered.

One possible instructional medium that may help improve spatial visualization skillsis
through video instruction. Deno (1995) found that of the female students in his study that had
viewed educational TV in preschool an elementary school and actively played video games

during high school scored well on spatial visualization tests.

Conclusion

One possible instructional medium that may help improve spatial visualization skillsis
through video instruction. Deno (1995) found that of the female students in his study that had
viewed educational TV in preschool an elementary school and actively played video games
during high school scored well on spatial visualization tests. As stated earlier; video, in
whatever form it may be delivered in, brings the advantages of compression, consistency, and
visualization to the learning process (Minoli, 1996).

Video isavisua medium and has the ability to hold student interest whileillustrating
difficult concepts, clarify information, accelerate learning, improve comprehension, increase
recognition, and reduce errors (Minoli, 1996). Role simulations, process flows, and subject
demonstrations are facilitated through the motion element of video.

From this, the conclusion could be reached that spatia information should be
communicated using a spatial medium rather than a verbal or textual medium. Universities

are already offering online courses, but they are highly saturated with plain text and are

16



poorly designed to communicate spatial information effectively. Although text, static

graphics, and 3D animations are capable of communicating spatial information, they are not

ableto represent all task-oriented information. For example, text, static graphics, and 3D

animation describing how to assemble a desk only communicate procedural or cognitive

information and how the parts physically fit together. They do not depict or demonstrate the

motor skills or physical motions that a person would need to assemble the desk. Research has

shown that static graphics may also exploit human perceptual ability to perceive and process

visual differences (Wickens & Carswell, 1997). In the desk assembly example, parts that
make up the desk depicted three dimensionally may seem to be the same size when in fact
the parts are quite different in size. On the other hand, video not only communicates how
something will be assembled, it will also communicate the physical mechanics a personal
needs to complete the task. It islikely that if coursesintending to communicate spatial
information use video instead of traditional static text and graphics, the spatial information
would be communicated in away that improved student’s spatial cognition, saved time,

better comprehended, and more consistent.
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CHAPTER 3

METHODOLOGY

| ntroduction

This study examined the effective use of video compared to traditional text and static
graphics for providing instruction on a spatial task. One must use their spatial abilities to
complete a spatial task. According to Scali and Brownlow (2000), spatial ability has three
components:. spatial visualization, spatial perception, and mental rotation. Spatial
visualization involves the multi-step perceptual manipulation of complex spatial information
in space (Smith, 2001). Spatial perception involves making judgments of horizontal and
vertical orientation in space despite distracting background information (Halpern, 1986).
Mental rotation is the ability to imagine the transformation of a multidimensional figure (two

or three dimensions) (Linn & Peterson, 1985).

In search of atesting medium that combines the use of spatial visualization, spatial
perception and mental rotation skills to complete a spatial task, the researcher decided to use
origami; the art of paper folding. Origami isaform of visual / sculptural representation that

isdefined primarily by the folding of the medium (usualy paper) (Wu, 1997).

One other reason the researcher chose origami, as atesting medium is to avoid gender
bias. Experience with spatial tasks is positively related to spatia task performance and the
experiences that provide such practice are more common for boys (Scali & Brownlow,

2002). Activities using Lego Tech () modulesin Technology Education are very close in
relation to Legos (rv). Children learn how to construct and assemble Legos (rv) and similar

construction Kits at a young age, especially young boys (Deno, 1995). The Lego Tech
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activities are comprised of modular components and assemble very similar to Legos (). If
this experiment were to use a testing medium for spatial task similar to the Lego Tech (1),
individuals with previous experience would have an unfair advantage over those with no
previous experience due to having prior knowledge in assembling similar types of

components.

Maximum effect of instructional differenceswill be seen with novices. If subjects
have prior experience with the spatial task, it would be less likely to see a difference that one
method of instruction would be better than the other. Origami is less widespread and less
intuitive. The likelihood that either males or females have prior experience in paper folding is

low.

Participants and Design

Subjects with no assumed prior origami experience and who were enrolled in Digital
Media at the School of Communication Arts during the 2003 Spring were recruited and
randomly grouped into two groups of twelve. Group one was the control group and was
tested with the traditional text and static graphics medium. Group two was the experimental

group and was tested through the audiovisual medium.

This study employed a2 x 4 mixed model design with two types of format (dynamic
and static instruction) and 4 paper folding exercises (3 ranging from easiest to hardest and
one post exercise) as the independent variables. Format was the between subjects variable
while the paper folding exercises was completely crossed within subjects. Students were
randomly selected and placed in two format groups: a control group and an experimental

group. The control group was instructed through text and static graphics (static instruction)
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and the experimental group was instructed via video (dynamic instruction). Accuracy (Error),
time for completion, and preference were the response measures.

Prior to conducting the experiment, subjects were asked if they had experience in
origami. Students that had little to no experience were candidates for the experiment and
given the Paper-Folding Test VZ-2 from the Kit of Factor-Referenced Cognitive Tests
(Ekstrom, French, Harman, & Dermen, 1976). The paper-folding test score was used as a
covariate. The test measures one aspect of a subject’s spatial visualization abilities. This
factor encompasses one’ s ability to mentally manipulate through deformation of a 3D object

in 3D space.

Materials

Students were given a seven-question questionnaire to determine who was eligible to
participate in this study. The questionnaire asked students their age, gender, academic status,
ethnicity, number of graphic design courses taken, level of experience with graphic design,
and level or experience with origami (Appendix A).

The Paper-Folding Test VZ-2 from the Kit of Factor-Referenced Cognitive Tests
(Ekstrom, French, Harman, & Dermen, 1976) was used to determine a subject's spatial
visualization ability. Thetest is atwo-part test with 10 questions in each section (total of 20).
Students were allowed six minutes to complete the test. Each question contained five
successive drawings that illustrate two or three folds made in a square sheet of paper. The
final drawing of the folded paper shows where a hole is punched through. The subject
selected one of the five drawings to show how the punched sheet would appear when fully

unfolded.

20



An instruction sheet explaining the types of folds and symbols was given to the
subjects (See Appendix B). The instruction sheet consists of descriptions of the various folds
and symbols that are commonly used for instructing origami. Students in both groups were
ableto view and refer to these instructions throughout the experiment. Both forms of
instruction used the same nomenclature when instructing the subject to complete afold. For
example, when a subject isinstructed to make a"mountain” fold, both groups will know that

they are being instructed to fold the paper so that the crease pokes up.

The subjects were given three paper folding exercises, ranging from easiest to
hardest. The number and complexity of the folds utilized to complete the model was used to
distinguish between beginner and advanced origami models. Almost al origami consists of
various combinations of mountain and valley folds (Wu, 1997). A mountain fold iswhen a
piece of paper isfolded and the crease pokes up. A valley fold is simply theinverse of a
mountain fold. Often, in an origami model, mountain and valley folds tend to come in groups
of three or four creases. These groups are called combination folds (Wu, 1997). Asthe
number and complexity of combination folds increase, so does the degree of skill and
complexity of the model. Therefore origami models with relatively simple combination folds
consisting of afew number of mountain and valley folds are considered beginner level
models. The models used in this experiment will use mainly mountain and valley folds, with

more advanced combination folds, as the modules get harder.

The first paper folding exercise was considered a beginner model. It consists of eight
folds to create an object resembling a grasshopper. The second exercise was still a beginner

model, but it has more steps to complete the model. It consists of eleven folds to create an
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object resembling a frog. The third and most complex exercise was considered to be
intermediate. It consists of 15 folds to create an object resembling a bird.

There were two sets of instructional delivery; paper based (static instruction) and
video based (dynamic instruction). The paper based set of instructions (static instructions)
was composed of text and static graphics (see Fig 3.1).

Figure 3.1: Jumping Frog Adapted from origamiUSA.com

JUMPING FROG

Ur it 3 il rdofan ph of gHT poapss & 3% w0 aand F Rer gl

Hring Bp wigs b
Feobd i1 bl by i :dl': mﬁﬂtﬁ:“ 2V omarcide adge
Uniald ppoh . Lindad. Ui

{E:I Fudi® i v oitvlobd 0
J_ e papsi eekar s all
I|I e =s mer mlsrescl
B, i The e weill 1ok up
of T [dapaad el
Fua® this ridan inmard
ard B log down on
bog ot Hrabm. Frsg
UL (This e ba wadly

Fidd F5s WHs laps in

foan flape B callsd s
@ mcealarborb bars® ang M UpEnd Thas vl
I utpid B TR TN Baca B danl g
Brirgbap ddg diowan b atigani maedab.
[ LT [ L] "‘FD“"'

cramna machide. Tha Tid N i
Juid il pann thivagh e

e oy it o diaeganale

widdd. Uik, b da sal

fafan ol B coaman.

Fokd o leg flips E‘

@

in hal dosssnrd and B i g odf o adg
alms-u g b el aubanig 1n tig ol rieda
canls lrs
I Turs aesr Fiakitd Pisgl
Fedd upps flap in Puch dasen on 180 =i s,
bl it 37 1 Angel £lips o Frisg mgs

iy i o Pl i il
FLL



The video based instruction utilized both a dynamic visual and audio component of a
person demonstrating the paper-folding exercises. The visual portion of the video only
showed the hands of the instructor and materials needed to complete the exercise. Each step
of the three paper folding exercises was recorded to show the necessary folds and mechanics
needed to complete each exercise. The camera angle was adjusted as needed to produce the
optimal viewing angle for the folding procedure at that moment.

Audio was recorded while the instructor demonstrates how to compl ete the folding
exercise. The video (dynamic instruction) closely mimicked the paper-based instructions
(static instruction) in that the instructor repeated the exact same instructions the control group
receives.

Video editing software (Adobe After Effects or Adobe Premire) was used to edit the
video to eliminate any unnecessary visual or auditory information. A TV and VCR were used
to display the video instruction. The subject was able to rewind and replay any of the steps

shown.

Procedure

Subjects were randomly selected from Digital Media classes at the School of
Communication Arts. The subjects were given a preliminary questioner to determine their
experience level in graphic design and origami. Only twenty-four subjects that have little to
no assumed prior origami experience will be selected and randomly placed into the control
(static instruction) and experimental (dynamic instruction) groups.

Once the subjects have been placed in either the control (static instruction) or the

experimental (dynamic instruction) group they were given the paper-folding test from the Kit
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of Factor-Referenced Cognitive Tests (Ekstrom, French, Harman, & Dermen, 1976). The
paper-folding test will help determine the subject’ s spatial abilities.

After taking the paper-folding test, the groups will be instructed to complete three
paper-folding exercises (Appendix B), ranging from easiest to hardest. The control group will
complete the exercises as they follow paper-based (static instruction) instruction. The
experimental group will complete the exercises viewing video instruction (dynamic
instruction) fromaTV and VCR.

A video camerawas used to record the subjects performing the task for both the
control and the experimental group. The videotape will be analyzed for the accuracy and time
to complete the exercises. Each paper folding exercise will be completed in a number of
steps, which can be monitored for errors. Errors include: folding the paper incorrectly for a
specific step and then corrected; and incorrectly folding the final product. In other words,
does the completed exercise look and function correctly. All of the exercises will be
functional after completion. When the grasshopper, frog, and bird exercises are completed,
the frog and grasshopper will be able to hop and the bird will be able to flap its wings.

After completing the three-origami exercises, the subjects will be given a
guestionnaire to determine their preference for video or paper based instruction (Appendix
C).

After completing the questioner, the subjects will then be instructed to repeat the first

paper folding exercise without any instructional materials.
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CHAPTER 4

FINDINGS

| ntr oduction

In the following chapter, data collected from the study will be presented and
analyzed. The results were used to test the null hypothesis presented in Chapter 1 along with
adiscription of the group demographics. The analysis began with a univariate test to check
for outliers: data points residing more than three standard deviations from the mean. Once
any outliers where identified and removed from the data set, an analysis of covariance
(ANCOVA) was conducted to evaluate the significance of the covariate. Next, the first
hypothesis concerning completion times of the tasks was analyzed for any significant
differences using an analysis of variance (ANOVA). Paralleling the previous analysis, the
frequency of errors was aso analyzed for any significant differences. Next, the subjects
level of retention of the first task was analyzed. Finally, the preference for the type of
instruction was analyzed. Using an analysis of variance (ANOVA). The data for this study
were analyzed using SAS®, from SAS Institute Inc. All hypothesis were tested to the p=.05

level of significance.

Population Demographics

The study consisted of 24 observations of students that where enrolled in digital
media classes at the School of Communication Artslocated in Raleigh, North Carolina
There were 12 subjects in the control group (static instruction) and 12 subjects in the

experimental group (dynamic instruction). The age range was between 18 and 47 years old
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(Table 4.1). The mean age for the control group (static instruction) was 23.4 while the
experimental group (dynamic instruction) was 23.5.

Table4.1: Mean Estimates (Age)

Mean Estimates (AGE)
Group Number Mean Std Dev.
Dynamic 12 234 5.0
Static 12 23.5 7.8

Determining Outliers

A univariate analysis for each combination of group, task, and dependent measure was used

to test for outliers. Any point further than three standard deviations from the mean was

determined to be and outlier. For the dependent measure of task time, one outlier was

indentified in control group (static instruction) for task 1 (1053 sec.) while two outliers were

identified in the experimental group (dynamic instruction); one for task 2 (688 sec.) and one

for task 3 (0 sec.). Tables 4.2, 4.3, and 4.4 represent the descriptive statistics before outliers

were removed for tasks 1, 2, and 3.

Table4.2: Task 1 Time

Task 1 Time
Group Number Mean Std Dev.
Dynamic 12 205 64.2
Static 12 424 216.7
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Table4.3: Task 2 Time

Task 2 Time
Group Number Mean Std Dev.
Dynamic 12 295 73.1
Static 12 387 203.7
Table4.4: Task 3Time
Task 3Time
Group Number Mean Std Dev.
Dynamic 12 89 29.7
Static 12 111 334

In attempting to complete task 3, 100% of the subjects had a problem in completing
step 5 of the exercise. Some subjects had such a problem, that several either spent an
inordinate amount of time completing step 5 or could not continue the exercise. For that
reason, the data collected for task 3 ended at step 5 of the exercise.

Testing of Analysis of Covariance (ANCOVA)

Using time as the dependent measure, results were analyzed using a 2-way ANCOV A
with group as a between subjects variable, task as a within subjects variable, and paper
folding test score as the covariate (Table 4.5). The covariate, score on the paper folding test,
was found not to be significant, F(1,19) = 0.79, p = 0.38, and therefore will not be used in the

remaining Time analyses.
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Table4.5: Analysis of Covariance (Paper Test - Time)

Source df SS MS F
Between subjects 21 835066
Paper 1 20965 20965 0.79
Group 1 312239 315539 11.95**
Residual between 19 501862 26413
Within subjects 44 736018
Task 2 99663 49831 3.80*
Task X Group 2 129926 64963 4.96*
Interaction
Task X Paper 2 8250 4125 031
Interaction
Residual within 38 498179 13110
Tota 65 1571084
Note: N =24

* p<0.05, ** p<0.01, *** p<0.001

Using error as the dependent measure, results were analyzed using a 2-way
ANCOVA with group as a between subjects variable, task as awithin subjects variable and
paper folding test score as the covariate (Table 4.6). The covariate, score on the paper
folding test, was found not to be significant, F(1,19) = 1.12, p = 0.30, and therefore will not

be used in the remaining Error analyses.
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Table 4.6: Analysis of Covariance (Paper Test - Error)

Source df SS MS E
Between subjects 21 312
Paper 1 8 8 112
Group 1 162 162 21.81***
Residua between 19 142 7
Within subjects 44 291
Task 2 1 1 0.09
Task X .Group > 37 19 3
Interaction
Task X Paper 2 7 4 0.55
Interaction
Residual within 38 246 6
Tota 65 558
Note: N =24

*p<0.05 ** p<0.01, *** p<0.001

Testing of the Hypothesis

In the next four sections, each null hypothesis will be presented along with an
analysis of the data. An acceptance or rejection of that hypothesis will also be given. In this

study, each null hypothesis had an aphalevel of p < 0.05.

Hol Studentswill complete video-based exercisesin lesstime than using traditional

static text and graphics.
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Analyzed using a 2-way ANOV A with group as a between subjects variable, task asa

within subjects variable, the Task X Group interaction was significant, F(2, 40) = 4.85, p <

0.013 (Table 4.7). There was a significant smple effect for Group F(1,20) = 11.35, p < 0.003

and a significant simple effect for Task F(2,40) = 34.44, p< 0.0001. Post-hoc contrasts using

Least Squares Means showed that the Dynamic group completed Task 1 in asignificantly

shorter time than the Static group (p < 0.002) (Fig. 4.1). The Dynamic group also completed

Task 2 in asignificantly shorter time that the Static group (p < 0.046) (Fig. 4.1). There was

no significant difference in time to complete Task 3 for the Dynamic or the Static group (p <

0.10) (Fig. 4.1).

Table4.7: Analysisof Variance (Time)

Source df SS MS F
Between subjects 21 819637
Group 1 296810 296810 11.35%*
Residual between 20 522827 26141
Within subjects 44 1501132
Task 2 871990 435995 34.44**
Task X Group 2 122712 61356 4.85*
interaction
Residua within 40 506429 12660
Total 65 2320769
Note: N = 24,

* p<0.05,** p<0.01, *** p<0.001
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Figure4.1: Time Mean Plots
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Ho2 Therewill be alower frequency of errorsfor studentsviewing an instructional
video compared to reading instructions for completing a spatial task.

Analyzed using a 2-way ANOV A with Group as a between subjects variable, Task as
awithin subjects variable (Table 4.8) a significant main effect for Group (F(1,20) = 20.62, p
< 0.0002). There was aso a significant main effect for Task (F(2,40) = 11.95, p< 0.0001).
Post-hoc contrasts using Least Squares Means showed that the Dynamic group completed
Task 1 with significantly fewer errors than the Static Group (p < 0.0007) (Fig 4.2). The
Dynamic group also completed Task 2 with significantly fewer errors than the Static group (p
<0.002) ) (Fig 4.2). There was no significant change in errors in Task 3 for the Dynamic or

the Static group (p=0.31) ) (Fig 4.2).
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Table 4.8: Analysisof Variance (Errors)

Source df SS MS E
Between subjects 21 304
Group 1 154 154 20.62**
Residual between 20 149 7
Within subjects 44 438
Task 2 151 76 11.95**
Task X Group 2 32 16 2.60
Interaction
Residual within 40 253 6
Total 65 742
Note: N = 24.
*p<0.05 ** p<0.01, *** p<0.001
Figure4.2: Errors Mean Plots
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Ho3 Studentswill retain moreinformation with video instruction than text and static
graphics based instruction.

Using the Number of Steps remembered on task 1 as the dependent measure and
Group as the independent measure, results were analyzed using the Kruskal-Wallis non-
parametric test (Table 4.9). Figure 4.3 shows a difference in distribution in number of steps
the Static and Dynamic groups were able to remember, however these differences proved to

be not significant (ChSq(1,22) = 1.92, p = .17).

Table 4.9: Kruskal-Wallis non-parametric test (number of stepsremembered)

N 24
df 1
chi square 1.92
critical value at .05 0.17

Figure 4.3: Mean number of stepsremembered
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Ho4 Studentswill indicate a preference for video instruction over traditional text and
static graphics.

Using Overall Reactions to the Instruction as the dependent measure and Group as the
independent measure, questionnaire results were analyzed using the Kruskal-Wallis non-
parametric test. Question 1 measured overall reactions to the instruction from terrible to
wonderful (Table 4.10). These reactions were found not to be significant (ChSq(1,24) = 1.65,
p =0.20). Question 2 measured overall reactions to the instruction from frustrating to
satisfying (Table 4.11). These reactions were found not to be significant (ChSq(1,24) =0.10,
p=.75). Question 3 measured overall reactions to the instruction from dull to stimulating
(Table 4.12). These reactions were found not to be significant (ChSq(1,24) = 2.73, p =0 .10).
Question 4 measured overall reactions to the instruction from difficult to easy (Table 4.13).
These reactions were found not to be significant (ChSq(1,24) = 1.19, p =0.27). Question 5
measured overall reactions to the instruction from inadequate power to adequate power
(Table 4.14). These reactions were found not to be significant (ChSq(1,24) = 1.94, p =0 .16).
Question 6 measured overall reactions to the instruction from rigid to flexible (Table 4.15).
These reactions were found not to be significant (ChSq(1,24) = 0.22, p =0 .64).

Table 4.10: Overall reactionsto theinstruction (terribleto wonderful)

N 24
df 1
chi square 1.65
critical value at .05 0.20




Table4.11: Overall reactionsto theinstruction (frustrating to satisfying)

N
df
chi square

critical value at .05

24

1

0.10

0.75

Table 4.12: Overall reactionsto the instruction (dull to stimulating)

N
df
chi square

critica value at .05

24

1

2.73

0.10

Table 4.13: Overall reactionsto the instruction (difficult to easy)

N
df
chi square

critical value at .05

24

1

1.19

0.27

Table4.14: Overall reactionsto theinstruction (inadequate power to adequate power)

N
df
chi square

critical value at .05

24

1

1.94

0.16
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Table 4.15: Overall reactionsto theinstruction (rigid to flexible)

N
df
chi square

critical value at .05

24

1

0.22

0.64
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CHAPTER 5

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Introduction:
This chapter summarizes the procedures of the study, findings, and implications. The
conclusions of the researcher as well as recommendations and discussion for further studies

are also presented.

Summary:

With the advent of the Internet came the birth of distant education. Distant education
has enabled students the ability to receive their education anywhere and at anytime. The
review of the literature revealed that over the last four or five years about 70% of the U.S.
universities and colleges have begun offering distance courses outside of their traditional in-
class courses. Further review of the literature has revealed that a big part of these
nontraditional online courses are made up of extensive web pages filled with text and static
graphics and some universities have now begun to stream video across the Internet to
broadcast |ectures and demonstrations.

The purpose of this study was to determine the effective use of traditional text and
static graphics compared to video for instructing spatial task. The study employed a2 x 4
mixed model design with two types of format (dynamic and static instruction) and 4 paper
folding exercises (3 ranging from easiest to hardest and one post exercise) as the independent
variables. Format was the between subjects variable while the paper folding exercises was

completely crossed within subjects. Subjects with no assumed prior origami experience and
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who were enrolled Digital Media at the School of Communication Arts during the 2003
Spring were randomly selected and placed in two format groups of twelve: a control group
and an experimental group.

Prior to conducting the experiment each group was administered the Paper-Folding
Test VZ-2 from the Kit of Factor-Referenced Cognitive Tests (Ekstrom, French, Harman, &
Dermen, 1976). The paper-folding test score was used as a covariate and measured one
aspect of a subject’ s spatial visualization abilities. After taking the paper-folding test, the
control group was instructed through text and static graphics (static instruction) and the
experimental group was instructed viavideo (dynamic instruction). After completing the
three-origami exercises, the subjects were given a questionnaire to determine their preference
for video or paper based instruction (Appendix F). After completing the questionnaire, the
subjects were then instructed to repeat the first paper folding exercise without any
instructional materials. Accuracy (Error), time for completion, and preference were the
response measures.

The analysis began with a univariate test to check for outliers: data points residing
more than three standard deviations from the mean. After the outliers were identified and
removed from the data set an analysis of covariance (ANCOV A) was conducted to evaluate
the significance of the covariate. Next, the first hypothesis concerning completion times of
the tasks was analyzed for any significant differences using an analysis of variance
(ANQVA). Paralleling the previous analysis, the frequency of errors was also be analyzed for
any significant differences. Next, the subjects’ level of retention of the first task was

anayzed. Findly, the preference for the type of instruction was also measured. These
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remaining analysis were also analyzed using an analysis of variance (ANOVA). All

hypothesis were tested to the p=.05 level of significance.

Discussion of the Findings

In analyzing the data, the covariate, score on the paper folding test, was found not to
be significant with either error rate or response time and therefore was not used in the
analysis. One possible reason for this insignificance could be that both the static and dynamic
instruction communicated the spatial information effectively; enough so that both subjects
with good or poor spatial abilities could complete the same exercisesin essentially the same
amount of time and number of errors. Therefore, the paper-folding test used as a contributing
factor of how well someone would complete the origami exercises was insignificant.

The findings indicate that the Dynamic group completed Tasks 1 and 2 in
significantly shorter time than the Static group, but there was no significant differencein
time to complete task 3 for the either group. One possible reason there was not a significant
difference found for completing task 3 would be that in attempting to compl ete task 3, 100%
of the subjects had a problem in completing step 5 of the exercise. Some subjects had such a
problem, that several either spent an inordinate amount of time completing step 5 or could
not continue the exercise. For that reason, the data collected for task 3 ended at step 5 of the
exercise. These findings generally supported the first null hypothesis that students would
complete the video-based instructional exercisesin less time than using traditional text and
static graphicsinstructional exercises.

The findings also indicate there was a main effect for both group and task, but the

Dynamic group had significantly fewer errors. These findings supported the second null
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hypothesis that there will be alower frequency of errors for students viewing an instructional
video compared to reading instructions for completing a spatial task.

When determining retention, no significant difference was found. These findings did
not support the third null hypothesis that students would retain more information with video
instruction than text and static graphics based instruction. Although no significant difference
was found, Figure 5.1 shows the Dynamic group was able to remember more steps than the
Static group.

Figure5.1: Mean number of stepsremembered
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In measuring user preference, no significant difference was found. These findings did
not support the forth null hypothesis that students will indicate a preference for video
instruction over traditional text and static graphics.

Conclusion:
In light of these findings, video based instruction for communicating spatial information
isaviable instruction method that seems to provide some distinct advantages. In relation to

the findings of this study, the conclusion could be reached that spatial information should be
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communicated using a spatial medium rather than a verbal or textual medium as stated in
Chapter 1. These findings are in line with research cited by Najjar (1998) that pictures seem
to be better than text or auditory instructions for communicating spatial information and
motion-based information that changes continuously over time. When it is important to show
how the information changes over time, animation and video appear to be the best.

With college enrollments and tuition on the rise, many universities have sought cheaper
alternative methods for delivering course content in order to keep costs down. Outside of
their traditional in-class courses, about 70% of the U.S. universities and colleges have begun
offering distance courses over the last four or five years (Serdiukov, 2001).

In the past, students with low bandwidth, 56k modem or below, had problems taking
distance education courses that streamed video. In order to view video from the Internet with
areasonable download time or stream rate, students would need a cable or dsl modem to
obtain alarger bandwidth. Over the past few years the ability to deliver video over the
Internet at alow bandwidth has become areality. New software devel opments have
revolutionized the way video is delivered via the Internet. New codecs and file compression
have enabled a 5MB video file to be compressed down to less than IMB without substantial
loss of video playback quality. In the future, students taking distance education classes over
the Internet will be able to view class lecture, participate in group discussion viaweb cams,

and view video instruction with relative ease.

Recommendations:

The recommendations that follow were devel oped from the findings of this study and the

experience of the researcher.
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. Run the study on a non-graphic design population.

. This study should be replicated with different types of origami exercises.

. This study should be replicated at the four-year university and high school level to
alow for different educational settings, facilities, and age groups. Thiswould help the
generalization of the study.

. This study should be replicated to measure spatial abilities between gender and age.

. Conduct a study on the demographics Internet access speeds of the students.
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Student Information Sheet
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Student Information Sheet

. Age

. Gender: M /F

. Academic Status
a Fresh
b. Soph
C. Jr.
d. Sr.

. Ethnicity
a African American
b. Caucasian
C. American Indian
d. Asian American
e Hispanic

. How many graphic design courses have you taken?
a ___ Highschool

b.  College
. Experience with graphic design.
a None
b. One year or less
C. More than one year

. Experience with origami.

a ___ None

b. _ Havebuilt one or two pieces
c. __ Afewyearsago

d. _ Regularly
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Appendix B

Origami Exercises
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= « == « A DOT-DASH LINE means |

Origami Basics

Remember what these 3 lines and 3 arrows mean and you
should be able to follow most basic origami diagrams.

BASIC LINES

= == = AnEVEN DOTTED LINE N | the paper edges go up and
means to VALLEY FOLD Y| the fold goes down, like a

valley between two slopes.

Memory Trick: Remember this line as flat and even like a valley.
i1

: the paper edges go down
to MOUNTAIN FOLD [ - .+ and the fold comes up,
like a mountain.

Memaory Trick: Remember this line as uneven like mountain peaks.

A S0LID LINE in a diagram is showing a fold that has already been
made and is often used as a landmark to fold to.

BASIC ARROWS

—
A
L ol The SINGLE LINE ARROW means to fold in this direction and then
| move on to the next step.
[~ 4
oo 1 The DOUBLE LINE ARROW means to fold in this direction and then
| Y unfold before going to the next step.

on the backside,

v

The LOOPED ARROW means to turn the model over and work



Grasshopper

1) Start with white side
up, walley fobd 1o right,

43 Walley fold this flap parallel
i tha top, staring 1/3 of the
way from the fop edga.

7} Rapeat steps 3-5 on

the other side.

D

2) Valley fokd 3) Valley fold the top
downmwards. laryer upwards.

5} Valley fold dowmwards, The point 6] Tum over.
at the top should be the same
distance from the top as the botiom

adge.
8) The finshed modal,

Tap here to make the
grasshopper jump,

(=KL

NN AN
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JUMPING FROG

Use a small rectangle of =tiff paper. A3" x 9" card i justright.

@ Bring top edge to side @ Bring top edge to

Eln:nlfdlig half lenath wise. edge matching black sthérsidecade
iy zpots. Unfald. U rifold.

’IO\N @ Fush inthe center of

l the paperwhere all
Turn owrer the creases intersact |

B A The edges will fold up

onthe prepared lines.
Fuzh the zides imuard
and the top down on
top of them. Press

flat [This triangle with

Faold the little flaps in

@ four flaps & called the half upward. They will

"wugterbomb base" and
itz used to make mamy

Bringtop edge down to /’O‘\N arigami madeks.)
placewhere diagonal
creases reach sides, The Turn ower

fold will pass thraugh the
paint where the diagonaks

cross, Unfold, but do not
flatten out the creazes. Q

I
I
I
I

@ : Fold front leg flaps
I in hatt dawerwward and Bring bottom edge

Bring zide adges to mest oughuard. to tip of nose.
at the center line.

] l [
Turn arer s
Finished Frog!
Fold upper flap in Push doren on rear edge. A=
half dowurwar d. @ finger zlips off, Frog jumps.
Can you make her jump into
a b

bezome the front legs.
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—— - —— - —- mountain fold (the fold will make & *mountain®)
_______ valley fold (the fold will make a “valley”)

, @ ® @ ®
== AN A
' should Taka the
and 1 mountain mmﬁﬂa m Mﬂm
@ ® ® fig
| % D\ A
:
Mo, valley This will Valley fold the Again, this
fold the right ook the top flap to the Is how the
the model over. :I::h same. g"ﬂhﬂﬂl fold will go...
~and this is Valley and mountain ~and using Now cresste wanid perform
how the model  fold the right leg to this as a guide, a valley and an outside
will appear nowe.  create the neck, make an outside & mounitaln fiokd... reverse fold

reverse fold. on the head,

2 KT 4

Ehm-hldnd crease along a line resulting in this.
with both a mountain
and valley fold,

&y U

Now,recpenthe  Fold the tip backwards,  The completed
fold justmade.  making valley folds on fold.

To make the bird flap ts wings both sides of the paper.
munuumnﬁmum You will have to open the
pull In the direction of the arrows. folded tip a lirtle.

Don't pull too hard!
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Appendix C

Questionnaire for User Interaction Satisfaction



Questionnaire for User Interaction Satisfaction

Name:

Adopted from the Questionnaire for User Interaction Satisfaction ( University of Maryland,

1997)

Part 3: Overall User Reactions

Please circle the numbers that most appropriately reflect your impressions about using this

instructional method. Not Applicable = NA

3.1 Overdl reactions to the instruction: terrible

1 2 3 4 5
3.2 frustrating

1 2 3 4 5
3.3 dull

1 2 3 4 5
34 difficult

1 2 3 4 5
35 inadequate power

1 2 3 4 5
3.6 rigid

1 2 3 4 5
Part 4: Screen

4.1 Charactersdisplayed (TV or paper) hard to read
1 2 3 45

4.1.1 Image of characters fuzzy
1 2 3 45

4.1.2 Character shapes barely legible
1 2 3 45

4.2 Highlighting on the screen unhel pful
1 2 3 45

wonderful
6 7 8 9 NA

satisfying
6 7 8 9 NA

stimulating
6 7 8 9 NA

easy
6 7 8 9 NA

adequate power
6 7 8 9 NA

flexible
6 7 8 9 NA

easy to read
6 7 8 9 NA

very legible
6 7 8 9 NA

hel pful
6 7 8 9 NA
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4.2.1 Use of reverse video

4.2.2 Use of blinking

4.2.3 Use of bolding

4.3 Screen layouts were helpful

4.3.1 Amount of information can
be displayed on screen

4.3.2 Arrangement of information
can be displayed on screen

4.4 Sequence of screens

4.4.1 Use of reverse video

4.4.2 Going back to the previous
screen

4.4.3 Progression of work related
tasks

unhelpful
1 2 3 456

unhel pful
1 2 3 456

unhel pful
1 2 3 456

inadequate
1 2 3 456

illogical
1 2 3 456

confusing
1 2 3 456

unpredictable
1 2 3 456

impossible
1 2 3 456

confusing
1 2 3 456

hel pful
7809

hel pful
7 8 9

hel pful
7809

always
7 8 9

adequate
7 8 9

logical
7 8 9

clear
7 8 9

predictable
7 8 9

easy
7 8 9

clearly marked
7 8 9

NA

NA

NA

NA

NA

NA

NA
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