Analyzing the Effectiveness of Illustrations in Information and Communications
Technologies (Networking Emphasis)

Textbooks

by
Donald H. Gaber

A Research Paper
Submitted in Partial Fulfillment of the
Requirements for the
Master of Science Degree
in

Career and Technical Education

Approved: 2 Semester Credits

The Graduate School .
Univefsity of Wisconsin-Stout

Tuly, 2007




1i

The Graduate School
University of Wisconsin-Stout
Menomonie, WI

Author: Gaber, Donald H.
Title: Analyzing the Effectiveness of Illustrations in Information and

Communications Technologies (Networking Emphasis)
Textbooks
Graduate Degree/ Major: MS Career and Technical Education
Research Adviser: Donnelly, Michael P.W., Ph.D.
Month/Year: July 2007
Number of Pages: 96

Style Manual Used: American Psychological Association, 5™ edition

ABSTRACT

Visual imagery plays an important role in learning. Research confirms the
effectiveness of combining text and illustrations to promote enhanced learning from
instructional media. However, many authors, publishers, and educators may not recognize
what constitutes effective illustrations, or consider the tangible effect illustrations have on
learning. Knowledge of elements that make illustrations effective is not formalized, so
authors are often left to discover how to make effective illustrations by a process of trial-
and-error combined with learning from examples.

The purpose of this study was to develop criteria for determining effective use of
illustrations in information system textbooks. The researcher conducted a review of the
literature from the domains of cognitive psychology and learning style research, technical
writing, communication, and graphic illustration disciplines. This body of work served as

the base in development of a scale for rating illustration effectiveness. The researcher then
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utilized the rating scale by analyzing textbook illustrations from a university level
program. A cluster sampling method was used, and consisted of the textbooks required for
the networking emphasis component of the Information and Communication Technologies
program at the University of Wisconsin-Stout.

The results indicated a wide range in the number, size, and effectiveness of
illustrations for each textbook. However, the overall effectiveness rating indicated no
significant difference between textbooks for the sample. From simple arrows and icons to
complex graphs and schematic diagrams, creating effective illustrations requires
consideration to human cognition characteristics and matching illustrations to the target

audience.
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Chapter I: Introduction
Background Information

Ever since humans have been aware of their own learning, there have been
questions regarding how they learn and retain specific knowledge. Long before the current
alphabetic method of recording text was developed to record and transmit information,
significant events were recorded using visual representations. For example, the Chauvet
cave drawings depicting the significance of animals relative to human existence were
discovered in the Ardéche valley in Southemn France, and are estimated to be at least
30,000 years old (Balter, 2006). In the seventeenth century, Comenius published his
“Didacta Magna,” which stated that visualizing information was particularly important for
effective learning (Schnotz, 2002). The human brain has a large capacity for information
storage and retrieval; however, the process of storing and retrieving information, such as a
student attempting to acquire knowledge using a textbook, varies from person to person.
There has been a great deal of research in the cognitive psychology field to determine how
the human mind encodes, stores, and retrieves knowledge.

A form of research that directly relates to how people comprehend and retain
knowledge is the study of learning styles. Learning styles are defined as different strengths
and preferences in the way a person takes in or processes information (Felder & Spurlin,
2005). The learning style definition used by Felder and Spurlin encompassed a variety of
modalities that may include auditory, verbal, tactile, and visual; for the purpose of this
study, the focus will be centered on the visual learning style in relation to visual imagery;

specifically, illustrations used in textbooks.




Gardner developed the theory of Multiple Intelligences (1983), where he identified
seven intelligence types relating to learning style, personality, and behavior. Of the seven,
the spatial-visual intelligence category involves people’s potential for recognizing and
manipulating visual imagery and patterns as their dominant learning style.

The Dunn and Dunn Model of Learning Style Preferences, created by Dunn, Dunn,
and Price (1990) is a complex model represented by five major categories, each consisting
of different sensory and perceptual elements that affect our learning. According to Dunn
and Dunn, perceptual strengths from the physiological category "may be the most
important aspect of learning style" (1999, p. 15). The physiological category explains how
visual stimuli as an element can improve the visual learner’s ability to tap learning
strengths (Dunn, 2000). Chapter two includes further discussion of the model.

Fleming developed the VARK categories of sensory modalities for learning, and
the VARK learning style questionnaire. Fleming and Mills defined a visual learner as
preferring graphical and symbolic ways of representing information (1992).

Over the past decade, interest in the relationship of text to visual imagery has
become important to researchers and practitioners alike who acknowledge the need to
understand the relationship between image and language, as technologies become part of
the writer’s toolbox (Benson, 1997). According to Benson, communication technologies
have generated an explosion of poésible ways in which text and visual imagery can be
combined for many purposes.

An example of a communication technologies device is the personal computer,
which has become increasingly common in educational institutions during the past 25

years. The personal computer offers a means of integrating not only text and visual




imagery, but audio and video capabilities that give teachers the potential to accommodate
the various modalities of their students’ learning style.

Research indicated that computers and software could be used to reach learning
style preferences with dramatic results. However, many educators have yet to use
computers to their fullest advantage (Geisert & Dunn, 1991).

Given all the available technology that can stimulate these learning styles, the
Association of American Publishers stated that 90% of college professors surveyed by
Zogby in 2006 still require or recommend a textbook for the courses they teach (cited in
Scarazzo, 2006).

Research conducted throughout the 1970°s and 1980’s found that textbook
illustrations enhanced learner’s performance (Carney & Levin, 2002). During that time,
Alan Paivio developed the Dual Coding Theory, defining two distinct learning systems:
the verbal coding system adapted for text-based information emphasizing words,
sentences, conversations, and the story system, where the imaginal coding system
accentuates non-verbal information in the form of pictures, sensations, and sounds (cited in
Paivio, Clark, & Lambert, 1988). Paivio predicted that when information is encoded into
both systems in parallel, it is morex |1 easily recalled than information only coded in verbal
or imaginal systems individually. Carney and Levin suggested that research conducted
during the 1990’s still support the assertion that illustrations in textbooks enhanced
learning (2002).

The use of pictortal information in learming and instruction is centuries old, but
today, instructional materials include more pictures, diagrams, and graphs than a few

decades ago (Schnotz, 2002). The latter part of the 20" century has seen a considerable




increase in the use of images in textbooks (Kress, 1997). Evidence confirms that textbooks
utilizing a high amount of imagery are more conducive to recalling information, and that
imagery is important to memory and cognition (Sadoski, Goetz, & Rodriguez, 2000).

Given the significance of research indicating the value of combining text and visual
imagery to enhance learning, the increased numbers of illustrations in textbooks is not
surprising. A study of textbook selection criteria published by Nova University found that
visual imagery was an important factor regarding textbook selection by professors for their
courses (Bartlett, 1991). The quantity of illustrations may be criteria for authors,
publishers, and faculty who select textbooks; however, the quality, relevance to textual
content, and use of illustrations to facilitate deeper learning may be disregarded. Many
textbook images are considered little more than decoration, and have no relationship to the
text content (Carney & Levin, 2002). Harp and Mayer referred to interesting, but irrelevant
images as “seductive illustrations” (1997, p. 92). They defined interesting to signify that
readers would rate the material as entertaining and interesting. They defined irrelevant as
not being related to a step in a cause-and-effect explanation, even though it may be related
to the topic.

The preceding information suggests that research-based educational institutions
such as the University of Wisconsin-Stout (UW-Stout) have access to, and may be aware
of these methods and findings. UW-Stout is a member of the University of Wisconsin
system, and is located in Menomonie, Wisconsin. The student enrollment consists of over
8,000 students, and close to 400 total faculty and staff (UW-Stout, 2007a). UW-Stout is a
quality institution that embraces the latest research and technology, and integrates them

into their curriculum and mission. In 2001, UW-Stout was the first university to be



awarded the prestigious Malcolm Baldridge National Quality Award, considered
America’s highest honor for achieving excellence in performance in higher education
(UW-Stout, 2007b).

UW-Stout demonstrated its leadership in revolutionary instruction methods by
fully implementing the digital laptop program in 2005. The initiative enables teachers and
all on-campus students to utilize a computer laptop as a teaching and learning tool. UW-
Stout utilizes modern technologies and methods that allow teachers to reach students with
various learning styles. However, the use of standard textbooks is common practice for
many courses.

The Information and Communication Technologies (ICT) program at UW-Stout
has developed curriculum combining digital and textbook media to encourage deeper
learning by a diverse range of students. This study intends to offer the ICT program insight
into the effectiveness of textbooks required for the networking emphasis component of the
program.

Statement of the Problem

Research confirms the effectiveness of combining text and illustrations in
instructional media to promote enhanced learning. However, many authors, publishers, and
educators who select textbooks for courses they teach, may not recognize what constitutes
relevant, quality illustrations, or consider the tangible effect the illustrations have on
learning.

Purpose of the Study
The primary purpose of this study is to develop criteria for determining effective

use of illustrations in educational media. The secondary purpose is to analyze the




illustrations in the textbooks required for the networking component of the Information
and Communications Technologies program during the 2006-2007 academic school year
at UW-Stout. The results of this study could provide valuable information regarding the
effectiveness of illustrations in textbooks, and assist in determining criterion for selection
of textbooks for future courses.
Research Questions

This study sought answers to the following questions:

1. What is the definition of visual imagery, and its correlation to illustrations, in
the context of an educational textbook?

2. What is the role of cognitive psychology in the development of effective
illustrations?

3. What constitutes an effective versus non-effective illustration?

4. Which criteria will be useful in development of a rating scale for effective
textbook illustrations?

5. How do the illustrations in the textbooks used for the networking component of
the ICT program at UW-Stout measure on the developed rating scale?

6. Is there a significant difference in the rating between textbooks from varying
authors or publishers?
Significance of the Study

This study is significant for the following reasons:



1. The analysis and rating of illustrations in this study will focus on information
and communication technology textbooks. However, the rating scale may be utilized
across various academic disciplines and may be applied to non-textbook media, such as
digital or web-based content.

2. The researcher could find no studies measuring a correlation between the
effectiveness of textbook illustrations to academic achievement in the information and
communication technologies discipline. This study may serve as a base for follow-up
research.

3. A number of faculty members at UW-Stout write or co-author textbooks in
various disciplines. This study may serve as a guide when considering the inclusion of
effective illustrations necessary to meet the needs of the intended audience.

Assumptions of the Study

The following assumptions are noted for this study:

1. It is assumed the textbooks required for the given courses used in this study,
whether currently in use or discontinued, will be available to the researcher.

2. It is assumed that different types of illustrations are best suited for conveying
different types of understanding.

3. Itis assumed that the illustrations and text should compliment and address each
other to meet the common goal of enhancing learning.

4. 1t is assumed that people using implied standards design textbook illustrations.

5. Itis assumed that the literature review will result in the criterion necessary for

the development of a researcher-designed rating instrument.




6. It is assumed that the motives for producing textbooks may vary, and the
illustrations may reflect those motives.
Limitations of the Study

The following limitations are noted for this study:

1. The analysis and rating of illustrations in this study is limited to textbooks
required for the networking component of the Information and Communications
Technologies program offered by UW-Stout. Generalizations should not be made to other
disciplines, programs, or institutions.

2. The researcher developed the rating scale used in determining the effectiveness
of textbook illustrations in this study. The validity of the instrument is limited to the
knowledge and information gathered and presented by the researcher.

Definition of Terms

During the course of the study, the following terms were recognized as potentially
being unfamiliar to the general population or open to misinterpretation.

Cognitive psychology. The branch of psychology studying the mental processes
involved in perception, learning, memory, and reasoning.

Modalities. In the context of learning style, sensory modalities are the five senses
through which we take in experiences.

Non-serif. Fonts that do not use the little hooks (called serifs) on the ends of the
font. Times New Roman typeface use serifs, where Verdana does not.

Quantitative. Involving the measurement of quantity or amount, normally

expressed in numerical values.



VARK. The acronym VARK stands for Visual, Aural, Read/write, and Kinesthetic
sensory modalities that are used for learning information (Fleming & Mills, 1992).
Methodology

Textbooks used for instruction for the networking component of the Information
and Communications Technologies program at UW-Stout will be analyzed, and the
illustrations will be rated using a scale to determine their potential effectiveness. The data

gathered will be recorded and graphed.
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Chapter II: Literature Review
Introduction

This chapter will begin by defining visual imagery and illustrations as they relate to
educational media, followed by discussion of research and its role in the development of
illustration usage. In addition, findings of effective versus non-effective illustrations will
be reviewed, followed by the chapter summary.

Defining Visual Imagery and lllustrations

During the past 30 years, the advent of the information age, use of computers as an
educational tool, and research in cognitive psychology has brought a resurgence of interest
in visual imagery in educational media. Has computer technology and video phenomena
created a dependency on visual stimulation, or has technology and research simply enabled
us the means to rekindle our ancestral brain synapses, and learn as we did for thousands of
years before written text? Either way, incorporating visual imagery into instructional
media appears to be increasingly important, thus creating the need to define visual imagery
in an educational context for the purpose of this study.

Barbe and Malone defined visual imagery as pictures, diagrams, graphs, and
schematics, from the perspective of imagery use in media to reach visual learning styles
(1981). Additional definitions of visual imagery as they applied to student learning
preferences for textbook applications included symbols, tables (Felder & Spurlin, 2005),
charts, shapes (Knowles, 1998), process charts or flow diagrams (Brasseur, 2003), and
computer generated images known as screen captures (Pettersson, 1993). Many of these
visual imagery expressions share the same meaning and may be interchangeable. The

American Heritage® Science Dictionary (2002a, n.p.), defined chart and plot as being
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synonymous with graph; schematic synonymous with diagram (American Heritage®
Dictionary, 2000a, n.p.); and picture synonymous with image or photograph (2000c, n.p.).
The preceding terminology will be defined in the following paragraphs. However, in order
to simplify and clarify the study, the term illustration may be used when referring to any
visual imagery expressions as described above. The American Heritage® Dictionary
defined illustration as “material used to clarify or explain” (2000b, n.p.).
Pictures, Images, and Photographs

Pictures are defined as “a visual representations or images painted, drawn,
photographed, or otherwise rendered on a flat surface” (The American Heritage®
Dictionary of the English Language, Fourth Edition, 2000c, n.p.). In the context of use in a
textbook, Wordnet® defined a picture as “an illustration used to decorate or explain a text”
(2007, n.p.).
Tables

Tables are defined as “an arrangement of words, numbers, signs, or combinations
of them, as in parallel columns, to exhibit a set of facts or relations in a definite, compact,
and comprehensive form; a synopsis or scheme” (The American Heritage® Dictionary of
the English Language, Fourth Edition, 2000e, n.p.). Graphic information expert Robert
Harris defined tables as “charts with information arranged in rows and columns in some
meaningful way” (1996, p. 387), and included a detailed illustration in his reference guide
(Figure 1). Common uses of tables include analysis of data, reference for easy retrieval of

data, scheduling, forms, and calendars.
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Figure 1. Terminology and location of key elements of a table

From Information Graphics: a Comprehensive Illustrated Reference (p. 387), by R.

Harris, 1996, Atlanta, GA: Management Graphics. Copyright 1996 by

Management Graphics. Reprinted with permission.
Graphs, Charts, and Plots

Graphs are defined as “a diagram showing the relationship of quantities, especially
such a diagram in which lines, bars, or proportional areas represent how one quantity
depends on or changes with another” (The American Heritage® Science Dictionary,
2002a, n.p.). Harris defined a graph or plot as “a chart that graphically displays
quantitative relationships between two or more groups of information” (1996, p. 176).
There are dozens of categories, subcategories, and combinations of different types of

graphs. For the purpose of this study, Harris’ graph example will be sufficient (Figure 2).

(5
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Figure 2. Terminology and location of key elements of a graph
From Information Graphics: a Comprehensive lllustrated Reference (p. 177), by R.
Harris, 1996, Atlanta, GA: Management Graphics. Copyright 1996 by

Management Graphics. Reprinted with permission.
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Diagrams and Schematics

A diagram or schematic is defined as “a plan, sketch, drawing, or outline designed
to demonstrate or explain how something works or to clarify the relationship between the
parts of a whole” (The American Heritage® Dictionary of the English Language, Fourth
Edition, 2000a, n.p.). An example of a diagram that displays the parts of a whole is the

cross section of a human eye as defined by the National Eye Institute (Figure 3).

Retina

Figure 3. Diagram of the human eye

From the National Eye Institute website. Retrieved April 5, 2007 from:

www.nei.nih.gov/health/eyediagram/index.asp. Image designated as public

domain.
Shapes

Shapes are defined as “the characteristic surface configuration of a thing; an outline
or contour” (The American Heritage® Dictionary of the English Language, Fourth
Edition, 2000d, n.p.). Individual components that make up various textbook illustrations
may be chosen for their particular shape to add a desired effect. In the context of a
textbook illustration, a shape may define a geometric figure with greater success than a

verbal description alone (Figure 4).
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Pentagon
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Figure 4. Typical geometric shapes created using Microsoft® Word

Microsoft product screen shot reprinted with permission from Microsoft®

Corporation.
Symbols

Symbols are defined as “a conventional, printed, or written figure used to represent
an operation, element, quantity, and relation, unit of measurement, phenomenon, or
descriptor” (The American Heritage® Science Dictionary, 2002b, n.p.). The use of
symbols in a textbook may encompass a broad range of uses. A typical use of symbols in a

textbook may include an illustration of functions (Figure 5).
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Figure 5. Typical mathematical operators created using Adobe® Photoshop®
Adobe product screen shot reprinted with permission from Adobe® Systems
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Flow Charts

Process charts, flow diagrams, or flow charts, are typically synonymous, and are
used to show, rather than tell what happens in a process to help readers reach a clearer
understanding faster (Brasseur, 2003). Flow charts visually display interconnected
information such as functions, steps, or processes in succession by utilizing text enclosed
by symbols, and connected by lines or arrows (Harris, 1996). An example of flowchart
usage in an information technology textbook is the control program, depicting a top-down

approach to design in Figure 6.
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Figure 6. Flowchart example from an information technology textbook

From The 8086/8088 Family: Design, Programming, and Interfacing (p. 113), by

J. E. Uffenbeck, 1987, Englewood Cliffs, NJ: Prentice Hall. Reproduced with

permission from the author.
Screenshots

A screen shot is defined as “a reproduction of the current display on a computer
screen, saved as a graphics file; also written [screenshot]; also called [screen capture]”
(Webster's New Millennium™ Dictionary of English, Preview Edition, (v 0.9.6, 2006,
n.p.). The use of screenshots to depict computer software functions is common in
information technology textbooks. The researcher generated the example of a screenshot

(Figure 7).

Word Count

Statistics:

- Pages , 2
Words e 69
- Characters {with spaces) 453
~Paragraphs Pl

[] indude footrotes and endnotes '
{__ShowToobar |

Figure 7. Screenshot illustrating the Word Count feature in Microsofi® Word
Microsoft product screen shot reprinted with permission from Microsoft®
Corporation.

The preceding illustrations used to aid in the definition of visual imagery are

examples of how text and illustrations combine to help define otherwise lengthy or
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difficult to describe concepts. If one were to attempt to describe or communicate the
preceding concepts or images to another person using only written text, the task might be
quite challenging for both persons. When including illustrations in textbooks, one must
consider the correct combination of data, lines, shapes, colors, descriptors, topic relevance,
images or any combination thereof, to produce effective illustrations. The most important
reason for including illustrations in educational materials should be to promote learning
(Willows & Houghton, 1987).

The Role of Research

The study of visual imagery and its function has been ongoing in the cognitive
psychology field since pre-1900 (Paivio, 1991). It was not until the early 1970’s when
Paivio’s dual-coding theory became the first systematic objective approach to the study of
text and imagery that attracted scientific attention to motivate imagery research by others.
In simple terms, “the essence of dual-coding theory is that there are two distinct systems
for the representation and processing of information” (Eysenck & Keane, 2000, p. 262).
The verbal system deals with language in the form of text, and the separate, nonverbal
system executes image-based processing.

Paivio stated that there have been many misinterpretations since he first published
his theory in 1971 (1991). The verbal and nonverbal units, which he first referred to as
verbal and imaginal coding, actually come in different modalities — “visual (printed words
vs. visual objects), auditory (spoken words vs. environmental sounds), haptic (tactual and
motor feedback from writing vs. manipulation of objects)” (p. 258), and other sensory
responses (taste, smell, and emotion). Paivio stated these systems take in stimuli as verbal

and nonverbal, but are frequently interpreted as simply verbal and visual, with the sensory
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motor side overlooked. The theory is actually a multiple coding theory, with a special
emphasis on the importance of verbal and nonverbal symbolic contrast.

Another assumption is that the two systems function independently of one another
(Paivio, 1991). In order to help clarify this assumption, Paivio replaced his original verbal
and imaginal coding system terminology by adopting the terms logogen (word generator),
and imagen (image generator) from Morton (1969). Paivio described a logogen as a
modality-specific component that acts as a built-in informational source or response
generator (1991). For example, the word dog may have logogens that are represented by
different modalities; hearing the word “dog,” and seeing the letters “d-o-g,” may invoke a
mental visual image of a dog. The equivalent to logogens in the nonverbal system is
imagens, described as sensorimotor modalities that act as an image generator. For
example, seeing an image of a dog, whether real or pictorial, or touching a dog, would
invoke a representation of a dog. The key concept to dual-coding is that both systems are
functionally interconnected, and work together to process information.

The three main processes that describe Paivio’s dual-coding theory are
representational processing, where logogens are activated by linguistic stimuli (text) and
imagens by nonverbal stimuli (visual images); referential processing, refers to the two
systems working together; and associative processing, where the images or words are
associated with an object (1991).

Paivio’s initial experiments included subjects memorizing either a list of words or a
set of pictures in an educational context (1971). Paivio found that pictures were

remembered more readily than words, thus beginning a flurry of research by others in
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related areas such as learning style and development of effective educational media by
combining text and images.

Paivio’s research findings aided many disciplines, including learning style
research. Of the numerous studies, research on the Dunn and Dunn model of learning
styles is more extensive than most preceding learning studies (Dunn & Dunn, 1993). They
initiated their research on how individuals responded to alternative teaching methods in
1967 with the New York Department of Education. Among the theories of learning styles,
Dunn and Dunn’s Model of Learning Style Preferences (cited in Dunn, Dunn, & Price,
1990) defined a biological and developmental set of personal characteristics that affect
learning. The model is represented by five major categories, called “stimuli,” consisting of
different sensory and perceptual elements that describe how students learn most efficiently
based on their personal strengths (Table 1).

Table 1

Dunn and Dunn Model of Learning Style Preferences

Stimuli Perceptual Elements
Environmental Light, sound, temperature, room design
Emotional Structured planning, persistence, motivation,

and responsibility

Sociological Pairs, peers, adults, self, group, and varied

Physiological Perceptual strengths, mobility, intake, and time
of day

Processing style Global/analytic, impulsive/reflective, and right-

or left-brain dominance
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According to Dunn and Dunn, perceptual strengths from the physiological category
"may be the most important aspect of learning style" (1999, p. 15). Perceptual strengths
are categorized into four sensory modalities, which are defined in Table 2.
Table 2

Definition of perceptual strengths

Modality Definition/ability

Auditory sense Differentiate among sounds to reproduce
symbols, letters, or words by hearing them.

Visual sense Associate shapes and words to conjure up the
image of a form by seeing it in their mind's eye.

Tactual sense Associate word formations and meanings by
involving a sense of touch.

Kinesthetic Utilize real life experiences in order to
recognize words and their meanings.

The Dunn and Dunn research identified that individual learners may utilize a
combination of the four modalities to maximize learning potential. When students were
introduced to new material through their perceptual preferences however, they learned
more than when they were introduced through their least preferred modality (1993). Their
rescarch indicated the need to supplement textbooks with other modes of instruction for
greater success. However, the inclusion of descriptive text combined with images, shapes,
and explanatory illustrations have proven effective for increasing learner interest.

To determine illustration effectiveness, its purpose must be identified, and the
function must be defined. Nlustrations incorporate visual imagery to aid readers in the
decoration, representation, organization, or interpretation of information (Levin, 1981).
The decoration function utilizes text-irrelevant illustrations in an attempt to make the

textbook more attractive, increase publisher sales, or an effort to increase student interest
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in the material. For example, a drawing of a pine tree next to the description of a hiking
trail (Carney & Levin, 2002), or the use of progressively larger clip-art images of a guy in
a track suit representing revenue growth on a corporate graph (Tufte, 2006).

The representation function utilizes illustrations that help reinforce the content of
the text (Levin, 1981). Where a decorative illustration shows little or no relationship to the
textual information, a representative illustration directly relates to a good portion of the
critical textual information. Figure 8 shows an example where the text describing the
systematic progression of a car’s braking process is reinforced by the image of the braking
system.

The organizational function utilizes illustrations to present an organizational
framework, giving text greater coherence (Levin, 1981). For example, the use of an
illustrated map or an illustration depicting the steps involved in performing
cardiopulmonary resuscitation (Carney & Levin, 2002).

Finally, the interpretational function uses illustrations to clarify hard-to-understand
passages and abstract concepts within passages (Levin, 1981). The key function of an
interpretational illustration is to help the reader understand information.

Research performed by Mayer and Gallini focused on illustration effectiveness and
the interpretational function, which they called explanative illustrations (1990). In the
study, three similar experiments were conducted where students read passages describing
how scientific devices work. One of the experiments had students read a passage depicting
the hydraulic braking system of an automobile. The first group read a passage that
contained no illustrations. The second group read the passage that contained static

illustrations depicting a diagram of the device with labels for each part (parts). The third
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group read the passage that contained static illustrations explaining each major step
(steps). The fourth group read the passage that contained dynamic illustrations, where the
“on™ or “off” states of the device, along with labels for parts and each action were depicted
(parts-and-steps). The results of the study “indicated that the parts-and-steps illustrations
consistently improved performance on recall of conceptual information and creative
problem solving” (Mayer & Gallini, 1990, p. 715). Figure 8 represents an example of the
parts and steps illustrations used in the study. Mayer (1989) stated that for illustrations to
be effective in promoting understanding of scientific text, the explanative illustrations
must help the learner visualize a mental model of the system.

PARTS ILLUSTRATION STEPS ILLUSTRATION

TUBE When the driver steps on the cars brake pedal...
] A pistan moves forward inside the master cylinder {not shown)

The piston forces brake fluid out
of the master cylinder and through
the tubes {0 the whesl eylinder.

In the wheal eylinder, the increase
in fluid pressure makes a set of
smaller pisions move.

When the brake shoes press against
the drum, both the drum and the
wheel stop of slow down.

Figure 8. Parts and steps illustrations

From “When is an illustration worth ten thousand words?” by R. E. Mayer and J.
K. Gallini, 1990, Journal of Educational Psychology, 82(4), p. 716. Copyright
1990 by American Psychological Association. Reprinted with permission.

Effective versus Non-Effective Illustrations

Cognitive psychology and learning style research demonstrates the advantages of

including illustrations in educational media. However, to be effective, the illustrator must
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consider their particular purpose and the abilities and preferences of the intended readers
(Lannon, 2000). General audiences are likely to favor illustrations such as basic tables,
diagrams, or graphs that direct their center of attention and interpret key points of the
information. Expert audiences are likely to favor flowcharts, complex graphs, numerical
tables, or schematics that enable them to interpret the information for themselves.

Table 3 depicts effective illustration choices for specific applications (Lannon,
2000, p. 264).
Table 3

Preferred visual illustrations for specific purposes

Purpose Preferred llustration

Organize numerical data Table

Show comparative data Table, bar graph, line graph

Show a trend Line graph

Interpret or emphasize data Bar graph, line graph, pie chart, map

Introduce an unfamiliar object Photo, representational diagram

Show how parts are assembled Photo, exploded diagram

Give instructions Prose table, photo, diagrams, flowchart

Explain a process Flowchart, block diagram

Describe a mechanism Photo, representationai diagram, or cutaway
diagram

Pictures, Images, and Photographs

Considered the oldest form of visual imagery, people have been creating pictorial
illustrations for at least 35,000 years (Carney & Levin, 2002). Painted images might have
served as adjunct aids helping to define humankind development. Similarly, pictorial

illustrations are an important, more recent development in educational media, serving to
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aid learners by reinforcing the text. Images or pictures in educational media should serve
to compliment text, and aid in reading to learn.

Simply looking at a picture in a textbook invokes a highly sophisticated mental
processing system, and understanding how this system functions can help in creating
effective illustrations (Kosslyn, Thompson, & Ganis, 2006). Kosslyn, Thompson, and
Ganis identified four main functions or mechanisms that operate during visual processing
and defined them as image generation, image inspection, image maintenance, and image
transformation.

According to Kosslyn, Thompson, and Ganis, image generation begins upon initial
observation of an image when the brain searches long-term associative memory for stored
information of shapes to create an object map of the image in a visual buffer, or short-term
memory (2006). If the shape is simple, a memory sub-system accessing long-term
associative memory may quickly produce a representation and generate the image in the
memory buffer. If the image is complex, like a picture of a bicycle or an object that has
multiple components, the image process is repeated as necessary for each individual
component to generate the whole image in the memory buffer.

The next step is the image inspection, where the now temporarily stored image in
the buffer is inspected and encoded (e.g., if one were asked to describe the button on a
computer mouse, they might visualize the whole mouse, and examine the button from
there); (Kosslyn, Thompson, & Ganis, 2006). The image patterns are scanned and
recognized by comparing the image to stored visual memories, where certain
characteristics may “pop out,” or be inspected without scanning. Object-based images fade

quickly, so image maintenance by means of re-activating the visual memory must occur
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before the image can be transformed. Image transformation is complete when the reader
can visualize the object as if they were able to physically manipulate it.

To be effective, the mental image during the transformation stage must be large
and clear (Kosslyn, Thompson, & Ganis, 2006). To accomplish this, the pictorial
illustration must have clear, sharp lines, and be large enough to reveal locations of distinct
basic parts and their characteristics.

If a photograph is used as an illustration, technical communication expert John
Lannon suggested the following guidelines (2000). Show the image at approximately the
same angle that readers would use while actually identifying components or performing a
procedure. Crop the photograph to remove unnecessary details. Label all the parts that
readers need to identify. If the image is unfamiliar, include a familiar object or ruler to
give a sense of scale. The key element for effectiveness of pictorial images is that they
represent the function, rather than serve as decoration.

Inexpensive digital cameras and publishing software create a cost-effective,
efficient means of incorporating pictures into media. Thé use of clear, precise photographs
may not be the most effective means of reinforcing text, however (Lynch, 1990).
Sociologist Michael Lynch indicated that scientific illustrations, when compared to
photographs of the same object, simplify reality, better define the object, and provide an
easily understandable view.

Diagrams and Schematics

Similar to pictures, diagrams may invoke Kosslyn, Thompson, and Ganis’ theory

of the complex visual processing system (2006). However, diagrams used simple shapes

and lines that enable readers to increase retention of the image in short-term memory
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(Brasseur, 2003). Clear and uncluttered diagrams or schematics are examples of scientific
illustrations that may eliminate unnecessary details, and allowed the reader to focus on
essential material (Lannon, 2000). Hand drafted or computer generated diagrams allowed
the illustrator greater flexibility to manipulate and customize the image to meet the needs
of the intended audience.

Common types of diagrams used in textbooks and manuals include exploded,
cutaway, and block diagrams (Lannon, 2000). The exploded diagram depicts an object
“pulled apart” to enable easy identification of its individual parts. To be effective, the
illustrator may label the parts on the illustration if the number of parts is small enough to
climinate clutter or confusion (e.g., the diagram of the human eye in Figure 3). If the
object contains many parts, using a numbering scheme and a parts list may be more
effective. Cutaway diagrams enable illustrators to show the item with its exterior layers
removed in order to reveal the internal components. Like the photograph guidelines, the
angle of the object illustrated by the diagram should represent the best view for the reader.
If the view is not immediately recognizable, the angle should be labeled as “top view,”
“side view,” and so on.

“Block or schematic diagrams present the conceptual elements of a principle,
process, or system to depict function instead of appearance” (Lannon, 2000, p. 262). Block
diagrams may use lines or arrows to connect symbols, boxes, or shapes to aid readers in
developing mental models of abstract concepts (Willows & Houghton, 1987).

An example of a schematic diagram that uses lines to connect components
represented by symbols is the electronic schematic of an amplifier in Figure 9. Figure 10

illustrates a block diagram from an information technology textbook that utilized separate
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blocks containing both text and images connected together by arrows to help build a

mental model or clarify the concept of a “smart” VCR machine. Notice the inclusion of

explanatory text within the arrows.
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Figure 3-19 Commeon-emitter amplifier. The ac signal is applied
through a coupiing capacitor.

Figure 9. Electronic schematic diagram example from a textbook
From Introduction to Electronics: Devices and Circuits (p. 80), by J. E. Uffenbeck,

1982, Englewood Cliffs, NJ: Prentice Hall. Reprinted with permission from the

author.
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Figure 10. Block diagram example from an information technology textbook
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From The 8086/8088 Family: Design, Programming, and Interfacing (p. 194), by

J. E. Uftenbeck, 1987, Englewood Cliffs, NJ: Prentice Hall. Reprinted with

permission from the author.

A member of the diagram family often used to explain logical procedures is the
flow diagram, or flowchart.
Flowcharts

The flowchart is an example of an illustration that uses conventional diagram
elements that have been around for centuries, such as simple shapes to represent objects,
lines to represent linkage, and explanatory text (Brasseur, 2003). Flowcharts display
interrelated information in a sequential manner, and can be general, for overview purposes,
or detailed, perhaps representing the operation of a complex computer program (Harris,
1996). It was not until the arrival of computers that flowchart development began
employing specific shapes to represent particular functions.

There are dozens of shapes, also called symbols, boxes, enclosures, or blocks that
represent the various functions of flowcharts (Harris, 1996). Figure 11 depicts the most

common symbols and their meanings.

) <> [/

Beginning, end, Activity, task, Decision, choice, Dai
start, stop, step, function selection
pause, interrupt

Figure 11. Terminology and construction options of flowcharts
From Information Graphics: a Comprehensive Illustrated Reference (p. 154), by R.
Harris, 1996, Atlanta, GA: Management Graphics. Copyright 1996 by

Management Graphics. Reproduced with permission.
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The flowchart on the left in Figure 12 illustrates how adding appropriate text and
connecting the symbols together using arrows to designate the method of flow come
together to create an effective explanation of a concept. Let us look at various theories
behind why the flowchart is successful in enhancing learning.

The way that we perceive visual information is also the way we think (Kosslyn,
Thompson, & Ganis, 2006). When we see diagrams, we use these innate perceptual
abilities to recognize and differentiate between particular shapes to build a mental model.
Visually representing ideas such as categorizations in a flowchart can come close to how
our mind naturally processes information.

A diagram that uses simple shapes such as squares, circles, and triangles is
compatible with our natural way of thinking because they are instantly perceivable and
help us both conceptualize ideas and serve as a memory device {(Arnheim, 1982). For a
flowchart or any type of diagram to be effective, it must succeed in communicating a
particular message to the reader (Brasseur, 2003). The combination of text and images has
proven effective in better understanding of the message, but a typical problem in
publishing is that the text and graphics are too often separated.

Flowcharts offer the integration of text, graphics, and arrows to help readers follow
a logical flow of blocks of information, and the enclosure of text and visuals decrease the
likelihood that readers will “skip over” any parts of the diagram (Schriver, 1997).
Screenshots

The flowchart illustrated in Figure 12 is an example of a screenshot. With the
author’s permission, the researcher was able to recreate the original image of his flowchart

from the textbook using computer software, and then printing the screen. The original scan
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of the page rendered an offset, unclear image, page shadows, and the text from proceeding
pages bled through, creating a low quality image. By re-drawing the image, and creating a

screen shot, the new image is more effective.
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Figure 12. Flowchart example from an information technology textbook

From The 8086/8088 Family: Design, Programming, and Interfacing (p. 113), by

J. E. Uffenbeck, 1987, Englewood Cliffs, NJ: Prentice Hall. Reproduced and

reprinted with permission from the author.

Screenshots are common illustrations for information technology textbooks, as they
enable illustrators the capability to easily capture the image of their computer screen
anytime during its use, save the screenshot as an image file, import the image into the text
themselves, or send it to their publisher or technical illustrator. All of the images in this
study are scanned, downloaded, or drawn by the researcher, and then saved and printed as

screenshots.

-
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Guidelines for effective use of screenshots include allowing enough white space
around and within the illustration for easy viewing (Haydon, 1995). Match the screenshot
to your audience, for example, do not make it too elementary for specialists or too
complex for non-specialists (Lannon, 2000). Display the sub-window or relevant portion
of the screenshot that pertains to the textual content, rather than the whole screen. Figure

13 illustrates an example of the word count window (left) as compared to the whole screen

(right).
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Figure 13. Screenshots illustrating the Word Count feature in Microsoft® Word
Microsoft product screen shot reprinted with permission from Microsoft®
Corporation.
Graphs
Even though hand drawn images have been around long before graphs, the use of
graphs is probably the most familiar of all the illustrations (Brasseur, 2003). Edward Tufte
stated that each year, somewhere between 900 billion and 2 trillion images of statistical

graphics are printed (2001).
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Perceptual research plays a key role in creating effective graphs (Brasseur, 2003).
We must recognize certain principles of human sight and understanding of how we think
about the world. For example, looking out on to the horizon, we take in a whole
impression of what we see. We then sharpen our focus to understand what our eyes
perceive. In other words, we do not passively take in information, but actively seek order
and relationships. This principle is easily applied to graphs intended to communicate an
overall idea to the reader.

Resecarchers Carpenter and Shaw described the three main processes readers
underwent while interpreting a graph (1998). First, readers identified the important visual
features, such as the slant of the curve or line. Next, the readers identified the relationship
between the quantitative facts (e.g., the increase or decrease in the relationship between x
and y). Finally, the readers correlated the relationship of x and y to the variables given,
such as year versus population.

The graph culture has relied heavily on the large body of perceptual research in
designing effective illustrations (Brasseur, 2003). For example, Jacques Bertin has
identified six features of perceptual abilities referred to as retinal variables. They are
spatial position, size, orientation and grey scale, color, texture, and shape (1983). Other
research cites crispness, resolution, transparency, arrangement, and color — hue, value, and
saturation (Card, Mackinlay, & Sheiderman, 1999). Complexity, orientation, shading,
color, and typography also affect readers’ perceptions (Brasseur, 1993). The preceding
features are a few examples of numerous variables to consider when designing effective
graphs. Since color was the only common variable in the examples, one might surmise it is

the most important feature. However, another study found that the curve or line of a graph
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is the point of most interest to the eye, and is in fact, a more important visual cue than
color (Casali & Gaylin, 1988).

Edward Tufte has combined years of research and experience in his books on
effective use of graphing statistical information. For effective graphing, Tufte developed
guidelines stating what graphical displays should accomplish (2001).

Among Tufte’s guidelines, avoiding distortion was important in creating effective
graphs (2001). Figure 14 depicts an example of data distortion where the uniformity of
numbers is not equal to the surface of the graphic itself. The numbers in the graph indicate
an increase in fuel economy standards beginning with 18 miles per gallon in 1978 and
progressing in steps to 27.5 by 1985, an increase of 53%. The line correlating to the 1978
figure is 0.6 inches (Line A), whereas the line correlating to the 1985 figure is 5.3 inches

(Line B), indicating an increase of 783%.

Fuel Economy Standards for Autos
Set by Congress and supplemanied by the Transporiation
QRegiariment. inmilgs pov gadion,

Figure 14. Data distortion example

From “A collision course on energy policy,” by D.Q. Mills, August 9, 1978, New
York Times, p. D-2. Copyright 1978 by the New York Times. Reprinted with

permission.
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Another of Tufte’s guidelines is to encourage the eye to compare different sets of
data. In other words, the reader must ask, “Compared to what?” (2001, p. 74). For
example, Figure 15 illustrates what appears to be a significant increase in student GPA
following a software upgrade in 2001. By adding a few more data points, the reader may

see the bigger picture, and the context of the data is clearer (Figure 16).

School GPA before {2001) and after {2002)
software upgrade

w

Grade Point Average
I
]

N
Y

2001 2002
Year

Figure 15. Graph example exaggerating data created in Microsoft® Excel

Microsoft product screen shot reprinted with permission from Microsoft®

Corporation

School GPA before {2001) and after {2002}
software upgrade

'Y

Qrade Point Average
1

Lt

2000 2001 2002 2003 204 2005 2008
Year

Figure 16. Graph example in proper context created in Microsoft® Excel

Microsoft product screen shot reprinted with permission from Microsoft®

Corporation
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Perhaps the most important guideline is to encourage the reader to think about the
substance of the graph, rather than methodology, design, technology, or “something else,”
described as chartjunk by Tufte (2001, 2006). Robert Harris defined chartjunk, sometimes
called clutter, as things included in graphs and charts that are not vital to the
understanding, and may detract from their main intention (1996). Computer software has
enabled and encouraged users to design graphs that use chartjunk. For example, Figure 17
illustrates the use of hatching to create a moiré effect, which produces the appearance of
vibration or movement (Tufte, 2001). Though the reader may be drawn to the effect, it acts

as a distraction. Tufte recommends replacing the cross-hatching with shades of gray
(Figure 18).

DO

Figure 17. Chartjunk examples created in Microsoft® Excel

L

Microsoft product screen shots reprinted with permission from Microsoft®

Figure 18. Grey shades examples created in Microsoft® Excel

Corporation

Microsoft product screen shots reprinted with permission from Microsoft®
Corporation
Graphs such as the examples in Figures 14 and 15 could have been intentionally

distorted, or the graph’s designer simply failed to follow good design procedures (Tufte,
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2001). Tufte suggested a table might have been more appropriate, as tables outperform
graphs in reporting small data sets of 20 numbers or less.
Tables

A table, when properly prepared, can serve to explain data better than text alone
and is more accurate than a graphic presentation (Haydon, 1995). Tables, like graphs, can
present large numbers of precise data in a small space, but can provide many facts that
cannot be expressed graphically. The configuration of rows and columns make
comparisons between figures easier, but fail to display overall trends.

Guidelines for effective tables begin with the use of a table number and title
centered above the table, and should be referred to by table number rather than “see table
below” or “the following table” (Haydon, 1995). The use of Harris’ table example in
Figure 1 may be used as a reference for the following guidelines. The table typeface
should be non-serif and 1 to 1.5 points smaller than the surrounding text. For example, use
Arial OF Verdana typeface to clarify the smaller text. The title should be a brief and concise
description of what the table represents. If the title must be longer, the use of an asterisk
and a footnote should be considered. The boxhead contains the column headings in bold
text. The left hand vertical column, or stub, lists the items about which information is
given in the body of the table. The body contains the data below the boxhead and to the
right of the stub, and should be arranged so the items in the stub appear adjacent.
Footnotes that explain individual items should be referred by asterisk (*) or pound (#) so
they are not mistaken for numerical data. Finally, when a table must be divided so it can
continue on another page, the boxhead should be repeated, and the table number should

include the “continued” label. For example, Table 1 (Continued).
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Common Components

The preceding illustrations use various processes and techniques designed to
enhance learning. However, many illustrations employ common components such as
captions, legends, lines and arrows, and clip art.
Captions

[llustrations in a properly written textbook, whether following APA, MLA, or other
writing style formats will normally use text to describe, reference, title, or label
illustrations. This descriptive text is referred to as a caption in the Publication Manual of
the American Psychological Association (American Psychological Association, 2001).
When referring to an illustration, readers will look to the surrounding text to help
understand, interpret, or explain the illustration (Brasseur, 2003). The caption placed next
to, or within the illustration can help specify the nature of the illustration, give authority to
the illustration (copyright), or turn a drawing into a diagram by pointing out a specific part.
Captions should be brief and simple, yet complete enough to avoid ambiguity (Haydon,
1995; Lannon, 2000). Many illustrators or technical writers are too brief and omit
important information necessary for complete understanding. The caption should be placed
close to the illustration, preferably within boxed frames that include both graphic and text,
and the type size should be smaller so the captions do not compete with the text type
(Brasseur, 2003).
Legends or Keys

Diagrams and schematics, graphs, images, and tables may share a key or legend as
a common element. The key is critical in understanding the illustration because it includes

information necessary for decoding the graphics (Harris, 1996). For a key to be effective,
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it must identify what the data graphics represent, such as symbols or icons; indicate certain
characteristics of the item represented, and enable readers to estimate quantitative values.
Harris’ graph example in Figure 2 illustrates a good example of a legend or key.

Lines and Arrows |

Arrows and lines are elements of illustrations that do more than simply point out
components. Lines can be drawn to represent diagrams, drawings, graphs, or any number
of illustrations. “A line may be varied with respect to its starting point, length, direction,
curvature, shape, thickness, evenness, points of change, printing, color, value, grain,
brightness, orientation, terminus, and context” (Pettersson, 1993, p. 243). Horizontal lines
give the impression of depth; vertical lines stop eye movement, while diagonal lines give
the impression of movement. Curved lines and smooth shapes tend to stand out more than
straight lines or shapes made out of straight lines.

Pettersson pointed out several reasons why lines may be considered effective in
illustrations (1993). Line is an inexpensive, quick way to visualize ideas using the
minimum amount of time and material. Line emphasizes basic structure and composition
of a drawing, are the most readily recognizable form of illustration, and effective stimuli
for learning.

Another effective common element of illustrations is the arrow. An arrow is simply
a form of line utilizing a triangular shape at the end to indicate direction. The importance
of arrows in illustration goes much deeper, however. Bill Winn suggested, “Any
illustration can be thought of in terms of its elements and the relationships between them”
(Winn, as cited in Willows & Houghton, 1987, p. 161). The arrow helps define these

relationships by displaying an order of connection or sequence, and is considered a large
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part of the core of visual image success. Arrow usage in flowcharts indicates the direction
of flow, which normally reads like text, from left to right, top to bottom (Harris, 1996).
However, the arrow may indicate a reversal of the normal order when a process is to be
repeated, or signify feedback or two-way communication by using a double-headed arrow.
To be effective, arrow and line density should not stand out above the graphics they
represent or connect, but act as a flow mechanism.
Clip Art

Clip art is a generic term for ready-to-use images that are often included with
various software packages (Lannon, 2000). Using software packages, clip art is easily
imported into documents where they may be enlarged, enhanced, or customized. Some
illustrators find clip art effective as icons or symbols, where others suggest it has a generic,
crude, or unprofessional look.
Summary

Visual imagery in the form of illustrations in educational media plays an important
role in enhancing learning. From simple arrows and icons to complex graphs and
schematic diagrams, creating effective illustrations requires consideration to human
cognition characteristics, learning style, and matching illustrations to the target audience.
Learners who utilize educational media expect and deserve more than raw information. By
combining text and illustrations, the illustrator can help readers clarify, interpret, and

analyze information more effectively.
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Chapter III: Methodology

Introduction

This chapter will begin by describing the selection and description of the sample to
be analyzed for the study, followed by discussion of the procedure and criteria for
development of the instrument used to collect data from the sample. In addition, a review
of the data collection and data analysis methods will be discussed, followed by the
limitations of the methodology used for the study.
Selection and Description of the Sample

A cluster sampling method was used for the study. The population consisted of the
textbooks required for the non-general education Bachelor of Science Information and
Communication Technologies (B.S. ICT) program at the University of Wisconsin-Stout
(UW-Stout). The sample consisted of the textbooks required for the networking emphasis
arca of the ICT program. The textbooks used for the sample are listed in Table 4.
Table 4

ICT networking emphasis required textbooks

Title and Author(s)

Principles of Information Systems, a Managerial Approach (Stair & Reynolds, 2003)
CCNA Self-Study: Introduction to Cisco Networking Technologies (McQuerry, 2004)
Convergence of Technologies: Integrating Networks for Multimedia Solutions (Linwood,
Sawyer, & Watts, 2004)

Information Technology Control and Audit (Gallegos, Senft, Manson, & Gonzales, 2004)

The sample was selected based on the availability of the textbooks to the researcher and

the ICT department’s cooperation and agreement to participate in this study. The




42

networking emphasis area (sample) consisted of 19 of the 80 required credits (23.8%) of
the professional and technical studies component (population), thus surpassing the 20%
suggested minimum sample size given a small population.
Instrumentation

The researcher developed the instrument used for collecting and rating the
effectiveness of illustrations in educational media for this study. The rating scale
instrument is located in appendix A. Development of the rating scale was based in part on
findings from cognitive psychology and learning style research as it relates to enhanced
learning by combining visual imagery with textual content. In-depth study of experts’
publications from technical writing, technical communication, graphic illustration, and
graphic information areas were gathered and combined with the cognitive and learning
style research element to help design the criteria for the instrument. Due to the researcher
developing the instrument, no measures of validity or reliability have been documented.

The instrument utilized the ordinal scale of measurement consisting of a Likert
rating scale to measure the effectiveness of the illustrations. Criteria for rating the
illustrations consisted of general guidelines for all illustrations, and a more specific set of
guidelines for individual illustration types.
Data collection

The data collection method involved acquiring the list of required textbooks for the
networking emphasis area of the B.S. ICT program, followed by obtaining the textbooks in
order to analyze them using the instrument. The textbooks were examined page by page,

with each illustration evaluated using the rating scale.
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Data analysis

The data was analyzed primarily to identify statistically significant differences
between the effectiveness ratings of the textbooks and individual illustration types. The
researcher chose parametric t-tests to measure differences between the means at a
probability level of .05 (95% confident that the data did not happen by chance). The data
were compiled, and statistics representing the following information was graphed:

1. Overall number of illustrations in each textbook versus the number of pages,
expressed as a percentage by dividing the number of illustrations by the number of pages
per book.

2. Average illustration size, expressed as percentage of page size.

3. Number of individual types of illustrations per textbook using the following
categories:

a. Pictures, images, and photographs

b. Diagrams and schematics

c. Flowcharts

d. Screenshots

e. Graphs

f. Tables

g. Combination

4. Effectiveness rating for each category of illustrations per textbook.

5. Overall effectiveness rating of individual textbooks by averaging all categories,

and comparison of individual textbooks.
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Limitations

The following methodology limitations were noted for this study:

1. This research study was limited by time and sample size. The analysis and
rating of illustrations in this study were limited to textbooks required for the networking
emphasis area of the B.S. ICT program offered by UW-Stout. Generalizations should not
be made to other disciplines, programs, or institutions.

2. The researcher developed the rating scale used in determining the effectiveness
of textbook illustrations in this study. The validity of the instrument was limited to the
knowledge and information gathered and presented by the researcher.

3. This study did not use human participants; the subjects of study were the

textbooks themselves.
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Chapter IV: Results

Introduction

This chapter will begin by describing the purpose of the study, followed by a
description of the sample. In addition, the item analysis will be reviewed, followed by the
conclusion of the chapter with a discussion and summary of findings.
Purpose of the Study

The primary purpose of this study was to develop criteria for determining effective
use of illustrations in educational media. The secondary purpose was to analyze the
illustrations in the textbooks required for the networking emphasis area of the Bachelor of
Science Information and Communications Technologies program (B.S. ICT) during the
2006-2007 academic school year at the University of Wisconsin-Stout, Menomonie.
Sample Information

The sample for this study consisted of the textbooks required for the networking
emphasis area of the B.S. ICT program at UW-Stout. The program consists of six courses,
with four of the courses requiring textbooks (Table 6). Of the four required textbooks, all
were available and analyzed. This constitutes 100% of the sample.
Table 5

ICT networking emphasis required textbooks

Title and Author(s)

Principles of information Systems, a Managerial Approach (Stair & Reynolds, 2003)
CCNA Self-Study: Introduction to Cisco Networking Technologies (McQuerry, 2004)
Convergence of Technologies: integrating Networks for Multimedia Solutions (Linwood,
Sawyer, & Watts, 2004)

Information Technology Control and Audit (Gallegos, Senfl, Manson, & Gonzales, 2004)




46

ltem Analysis

Item number one of the data collected from the rating scale was the number of
illustrations in each textbook versus the number of pages, expressed as a percentage by
dividing the number of illustrations by the number of pages per book. The resulting data is

displayed in the graph in Figure 19.
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Percentage of illustrations per textbook (by author)
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Figure 19. Percentage of illustrations per textbook.

The results indicated a range of 14% to 58% in the percentage of illustrations
between the textbook with the lowest percentage of illustrations and the textbook with the
highest percentage of illustrations. The combined mean of percentage of illustrations for
all textbooks was 40.75%, with a standard deviation of 21.

Item number two of the data collected from the rating scale is the average
illustration size, expressed as percentage of page size. The resulting data is displayed in the

graph in Figure 20.




47

Average illustration size per page (by author)
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Figure 20. Average illustration size per page.

The results indicated a range of averages from 32% to 66% in average illustration size

between the textbook with the smallest average illustration size and the textbook with the

largest average illustration size. The combined mean of average illustration size for all

textbooks was 44.25%, with a standard deviation of 14.97.

Item number three of the data collected from the rating scale is the number of

individual types of illustrations per textbook using the following categories:

a.

b.

C.

d

g.

Pictures, images, and photographs
Diagrams and schematics
Flowcharts

Screenshots

Graphs

Tables

Combination

The resulting data is displayed in the graph in Figure 21.



48

Number of individual types of illustrations
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Figure 21. Number of individual types of illustrations.

The number of individual types of illustrations by themselves is more
informational than significant, however, when combined with item four, which rates the
effectiveness, may contribute to the overall effectiveness rating of the illustrations.

Item number four of the data collected from the rating scale is the effectiveness
rating for each category of illustrations per textbook. The resulting data is displayed in the

graph in Figure 22.
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Effectiveness rating for each type of illustration
1- Not effective, 2-Somewhat effective, 3 - Effective
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Figure 22. Effectiveness rating for each category.

The results of the effectiveness rating scale for each category indicating the mean,
standard deviation, and statistical significance (p) at .05 (95% confident that the data did
not happen by chance) has been calculated and displayed in Table 5.

Table 6

Effectiveness statistics for each category
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Category Mean Standard Significance at p =.0§
Deviation

Picture, Image, and 2.77 .29 None

Photograph

Diagram and Schematic 2.75 .07 None

Flowchart 289 25 None

Screenshot 2.74 A8 None

Graph 2.78 19 None

Table 2.82 .09 None

Combination 2.72 13 None

Item number five of the data collected from the rating scale is the overall
effectiveness rating of individual textbooks by averaging all categories, and comparison of

individual textbooks. The resulting data is displayed in the graph in Figure 23.

Overall effectiveness rating and comparison

McQuerry, 2.95

I t

1 2 3
1- Not effective, 2- Somewhat effective, 3- Effective

Figure 23. Overall effectiveness rating comparison.
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The results indicated a range of 2.64 to 2.95 for the overall effectiveness rating
between the textbook with the lowest score and the textbook with the highest score. The
combined mean score was 2.77, with a standard deviation of .13. There was no significant
difference found in the overall effectiveness rating between the textbooks (p > .05)
Discussion and Summary of Findings

Given the low number of textbooks for the sample, the mean and standard
deviation method of statistics resulted in non-significant findings between the rating scale
results. However, the range between the average percentage of illustrations among the
lowest (14% - Galegos) and highest (58% - Stair) is significant. Likewise, the average
illustration size between the lowest (32% - Stair) and highest (66% - Galegos) is
significant (p <.05).

Galegos’ Information Technology Control and Audit had the fewest number of
illustrations (122) with the largest number of pages (849). Of the textbooks, Galegos had
the lowest quality illustrations with instances of arrowheads cut off, misaligned elements,
and text cut off, improperly abbreviated, or running outside the box. Other non-effective
use of illustrations included intermittently placing information into tables rather than using
bulleted text, and frequently using a table format without labeling it as such. The author
labeled the illustrations exhibit 1, exhibit 2, etc. for each chapter. However, the labels were
not consecutive throughout the book, and had no chapter designation. This textbook also
had the highest number of illustrations that required the reader to flip the page between the
text and iHustration. Research indicates a greater variety of illustrations reach a higher
number of learning styles and helps reinforce léaming of the text. Galegos had the lowest

number of illustrations and second lowest number of variety of illustrations.



52

On the positive side, Galegos’ textbook had the highest ratings for interpretation
(letting the reader know what to expect), use of captions to describe illustrations, matching
the illustration level to the audience, good use of white space, and lack of crowding.

The next textbook, Stair’s Principles of Information Systems, had the highest
percentage of illustrations at 399 illustrations with 692 pages (58%). Stair also had the
lowest overall effectiveness rating. The greatest factor in the low overall effectiveness
rating was the large number of decorative illustrations, which usually do not enhance
learning, but serve as decoration to make the textbook more attractive, increase sales, or
attempt to make the material more interesting (Levin, 1981). The researcher also found
that certain publishers often require a given percentage of illustration, regardless of
effectiveness to enhancing learning of the textual material.

The confusion factor for Stair’s textbook was high due to captions, illustrations,
and definitions often times being crowded into the margins of the textbook. Other negative
factors were the use of illustrations with captions, but no labeling or reference from the
text, and poor placement of illustrations (too far from the text it represents).

Stair used a wide variety of illustrations to help explain text and enhance learning
for a greater number of readers. Given the entry-level target audience, the illustrations
matched very well. The overall illustration quality was very high, and the screenshot and
photographs were clear and of good resolution.

The third textbook, Linwood’s Convergence of Technologies, had a slightly below
average amount of illustrations at 34% (185 illustrations / 548 pages). However, Linwood

had slightly above average overall effectiveness at 2.78 on the 1-3 rating scale. The high
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overall effectiveness rating was mainly due to creating effective diagrams and schematics
(2.72), which made up 82% of all illustrations. The author occasionally used the same
illustration image, or very similar images, to represent different devices, which added to
the confusion factor. Many illustrations relied too much on the textual description, which
reduced the effectiveness rating due to the lower standalone factor. There were many
instances where the text alone was enough to describe the topic, and using an illustration
was not necessary. The high effectiveness rating for good placement and proximity helped
to offset the lower score for the lack of proper labeling when referring to illustrations.

The final textbook, McQuerry’s CCNA Self-Study, received the highest overall
rating with 2.95 out of a possible 3.0, and consistently had the highest ratings in the
general category. The textbook had 290 illustrations out of 508 pages for a close second
highest percentage of illustrations (57% to Stair’s 58%). Ratings in all illustration
categories were above average. The textbook was the only one of the sample to utilize a
legend in the introduction introducing the icons with labels used in the book. However,
many new icons, not identified in the introduction or on any other legends where used
frequently, adding to the confusion factor.

Examples of effective and somewhat effective illustrations from each category

along with the effectiveness rating and rationale can be found in appendix B.
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Chapter V: Summary, Conclusions, and Recommendations
Introduction
This chapter will begin with a summary of the study, followed by general
conclusions. The chapter will conclude with a discussion of recommendations.
Summary

Restatement of the Problem

Research confirms the effectiveness of combining text and illustrations in
instructional media to promote enhanced learning. However, many authors, publishers, and
educators who select textbooks for courses they teach, may not recognize what constitutes
relevant, quality illustrations, or consider the tangible effect the illustrations have on
learning.

Purpose of the Study

The primary purpose of this study was to develop criteria for determining effective
use of illustrations in educational media. The secondary purpose was to analyze the
illustrations in the textbooks required for the networking emphasis component of the
Information and Communications Technologies program during the 2006-2007 academic
school year at the University of Wisconsin-Stout. Another goal was to provide valuable
information regarding the effectiveness of illustrations in textbooks, and assist in
determining criterion for selection of textbooks for future courses.

The summary will continue in the form of conclusions addressing the research

questions addressed in the study.
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Conclusions

Addressing the research questions will provide conclusive information regarding
the findings of the study. The following research questions were addressed in this study.

1. What is the definition of visual imagery, and its correlation to illustrations, in
the context of an educational textbook?

The initial investigation into the definition of visual imagery resulted in a wide
variety of definitions. Several technical writing books and cognitive psychology research
studies defined visual imagery and illustrations as photographs, images, and schematics,
with text used only for labeling purposes. Flowcharts and tables were considered text,
rather than illustrations. The majority of information read by the researcher led to the
definition of visual imagery to include pictures, diagrams, graphs, and schematics.
Additional definitions of visual imagery as they applied to student learning preferences for
textbook applications included symbols, tables, charts, shapes, process charts or flow
diagrams, and computer generated images known as screen captures. Many of these visual
imagery expressions share the same meaning and may be interchangeable. However, in
order to simplify and clarify the study, the term illustration was used when referring to any
visual imagery expressions as described above. The American Heritage® Dictionary
defined illustration as “material used to clarify or explain” (2000b, n.p.).

2. What is the role of cognitive psychology in the development of effective
illustrations?

Developing effective illustrations require an understanding of how people respond
to visual stimuli intended to enhance learning or aid text in comprehension of a topic.

Simply looking at an illustration in a textbook invokes a highly sophisticated mental
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processing system, and understanding how this system functions can help in creating
effective illustrations. Cognitive psychology is the branch of psychology studying the
mental processes involved in perception, learning, memory, and reasoning. Researchers
sought answers to why certain types of illustrations were more effective than others, and
what purpose the individual types of illustrations served. Illustrators and authors have
relied on findings of cognitive research to create effective illustrations.

4. What constitutes an effective versus non-effective illustration?

Cognitive psychology and learning style research demonstrated the advantages of
including illustrations in educational media. However, to be effective, the illustrator must
consider their particular purpose and the abilities and preferences of the intended readers.
General audiences are likely to favor illustrations such as basic tables, diagrams, or graphs
that direct their center of attention and interpret key points of the information. Expert
audiences are likely to favor flowcharts, complex graphs, numerical tables, or schematics
that enable them to interpret the information for themselves. Illustrations should serve to
compliment text, and aid in reading to learn, rather than being decorational, difficult to
interpret, or distracting.

5. Which criteria will be useful in development of a rating scale for effective
textbook illustrations?

Development of the rating scale was based in part on findings from cognitive
psychology and learning style research as it relates to enhancing learning by combining
visual imagery with textual content. In-depth study of experts’ publications from technical
writing, technical communication, graphic illustration, and graphic information areas were

gathered and combined with the cognitive and learning style research element to help
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design the criteria for the instrument. The researcher designed the rating scale based on at
least two disciplines concurrence of what constitutes effective illustrations, with at least
two sources from each discipline in agreement. Development consisted of three
components for rating illustrations. The first was general guidelines that pertained to all
illustrations. The second covered common elements, which may or may not apply to any
or all of the illustrations, where some illustrations may incorporate multiple common
elements. The third component addressed specific illustration types. Details of these
components can be found in the effectiveness rating scale found in appendix A.
6. How do the illustrations in the textbooks used for the networking emphasis
component of the ICT program at UW-Stout measure on the developed rating scale?
The following list consists of the seven categories of illustrations rated, along with

the average overall score, and standard deviation (p). The effectiveness ratings are based
on a Likert scale with the following definitions: One — not effective, Two — somewhat
effective, and Three — effective. Graphs and individual details can be found in chapter
four.

a. Pictures, images, and photographs - 2.77, n .29

b. Diagrams and schematics - 2.75, u .07

¢. Flowcharts —2.69, p .25

d. Screenshots —2.74, p .18

e. Graphs—-2.78, .19

f. Tables—2.82, .09

g. Combination—-2.72,n .13
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7. Is there a significant difference in the rating between textbooks from varying
authors or publishers?

The overall effectiveness rating of the textbooks indicated a range of 2.64 to 2.95
between the textbook with the lowest score and the textbook with the highest score. The
combined mean score was 2.77, with a standard deviation of .13. With p = .05, there was
no significant difference found in the overall effectiveness rating between the textbooks.
Recommendations

The primary purpose of this study was to develop criteria for determining effective
use of illustrations in educational media. In doing so, the researcher developed an
cffectiveness rating scale to rate seven categories of textbook illustrations. Due to time and
resource limitations, the researcher was only able to rate the textbooks for one emphasis
area of one program. In order to verify the validity and reliability of the rating scale, the
researcher recommends further study. Areas of further investigation may include:

1. Analyzing a larger sample size; rating textbook illustration effectiveness from
several emphasis areas of a program.

2. Rating textbook illustration effectiveness in programs other than the
information technology discipline to eliminate any bias by the researcher.

3. Conducting a study to determine the validity of the rating scale by measuring
correlation statistics between rated textbooks and student academic achievement.

4. Develop illustrations using the findings of this study, and conduct empirical
research on a smaller scale, such as measuring student learning on a given topic with a
control group using the developed illustrations combined with text, and another group

using illustrations rated below average, combined with the same text.
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Other things the researcher would have done differently given the chances to
improve the study are:

1. Include a category on the rating scale to measure profiling. We live in a global
society, where students come from all over the world, are different shapes and sizes, and of
course, both genders. Illustrations containing photographs may use stereotypes of race,
culture, and gender for given professions or status levels, and often use models that do not
represent a typical cross-section of people.

2. The rating scale point system could be changed to allow for larger deductions
for particular items that decrease the illustration effectiveness. For example, a particular
illustration had an arrow in a flowchart pointing the wrong way, creating a confusing
situation, and if followed would produce non-usable results and misinformation. The
critical error was simply averaged into the total. Since the rest of the illustration met the
effectiveness criteria, it was rated above average for effectiveness.

3. Finally, the researcher would have placed more emphasis on the study and use
of color in illustration effectiveness. As research indicated, color hue, saturation, and
variety affect the reader at various levels. In part, the decision to hold back on color
research was due to the criteria for this study, requiring all graphics and text be printed in

grey scale, thus limiting illustration effectiveness.
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Appendix A: Illustration rating scale instrument
There are three components for rating illustrations. The first is general guidelines that
pertain to all illustrations. The second covers common elements, which may or may not
apply to any or all of the illustrations, and some illustrations may incorporate multiple
common elements. The third component addresses specific illustration types.

The rating scale will utilize a Likert scale with a 1-3 rating, with 1 indicating not
effective, 2 — somewhat effective, and 3 indicating effective.

General Guidelines

The following general guidelines were developed to rate all illustrations:

1. Proximity — The illustration should be placed as close as possible to the text it
clarifies, should be easy for the reader to locate, and positioned following the first text
reference to it. The reader should not have to turn to the preceding or proceeding page to
view the illustration.

Two or more pages apart Need to flip one page Same page or no flip
1 2 3

2. Crowding - Frame the illustration with enough white space around the border
for ease of viewing.

No white space or border Slight crowding Enough white space
1 2 3

3. Label — Use a number, clear title, and label, to identify the illustration.

Two or more elements missing One element missing All three present
1 2 3

4. Audience — Match the illustration to your target audience. Do not make it too
complex for non-specialists or too elementary for specialists.

Does not match Somewhat hard/easy 1o interpret Nlustration matches
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1 2 3
5. Interpret ~ Introduce the illustration in the text, and advise readers what to
expect. Use illustration label, do not use “see table below” or “the following table.”

Missing two or more elements Missing one element All three present
1 2 3

6. Captions ~ Use prose captions to explain major points made by the illustration.
Use a smaller type size, as not to compete with the surrounding text, and distinguish item
labels from descriptive text using bold, space, or different size font.

Missing both elements Missing one element All three present
1 2 3

7. Confusion Factor — The illustration should use the proper amount of elements
(seven should be the maximum), be relatively easy to interpret, and be uncluttered.

Missing all three elements Missing one element All three present
1 2 3

8. Stand-alone Factor — The illustration should be descript, and include enough

data to be understood without the need to revert back and forth to the text for clarification.

Unclear Somewhat clear Could stand alone
1 2 3
Common Elements

The following guidelines were developed for rating common elements such as
legends or keys, arrows, clip art, or use of analogies. Improper use of these elements may
render an illustration less effective. These elements fall under the general guidelines
criteria, as they may or may not be used with the various illustration types. Therefore,

points will be deducted from the general guidelines category for improper use of the
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element, rather than added to the total score. Since there are eight general guidelines, the
point deductions will be 1/8 and 1/16 points.

1. Legends or Keys - For a key to be effective, it must identify what the data
graphics represent, such as symbols or icons; indicate certain characteristics of the item
represented, and enable readers to estimate quantitative values.

Legend/Key missing One of three criteria followed All three followed
125 0625 0

2. Arrows - To be effective, arrow and line density should not stand out above the
graphics they represent or connect, but act as a flow mechanism.

No arrow use One of two criteria followed  Both criteria followed
125 0625 0

3. Clip Art - Some illustrators find clip art effective as icons or symbols, where
others suggest it has a generic, crude, or unprofessional look, and may have only
decorative value.

Unprofessional, no relevance Somewhat professional Used effectively
125 0625 0

4. Analogy — If the illustration uses an analogy to explain or visualize the
concept, the analogy should be relevant to the target audience, and not generational,
cultural, or non-topical.

Not relevant Somewhat relevant Relevant
125 0625 0

The following guidelines are more specific and target individual types of illustrations.
Pictures, Images, and Photographs

When using or rating pictures, photographs, or images, follow these guidelines:
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1. Type — Consider whether a hand drawn or computer rendered picture may be
more effective than a photograph.

Photo not appropriate Somewhat appropriate Appropriate
1 2 3

2. Relevance ~ The image should be representational of the topic or information

presented.
Image does not represent topic __ Somewhat represents topic Represents topic
1 2 3

3. Clarity — The image must have clear, sharp lines, and be large enough to reveal
locations of distinct basic parts and their characteristics.

Blurry or unclear Somewhat clear Good clarity
1 2 3

4. Angle — The image should be illustrated at approximately the same angle that
the readers would use while performing a procedure or identifying components.

Wrong angle Angle somewhat appropriate Clear view, good angle
1 2 3

5. Cropping — Crop or trim the image to eliminate unnecessary details.

Too many details Somewhat cluttered Image detail sufficient
1 2 3

6. Scale — If the image is unfamiliar to the reader, a familiar object or a ruler
should be included to give a sense of scale.

Object unfamiliar, no scale Somewhat familiar, no scale Familiar, or scale used
1 2 3

Diagrams and Schematics

When using or rating diagrams or schematics, follow these guidelines:
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1. Type — Consider whether to use an exploded, cutaway, or block diagram. For
case in identifying individual parts, an exploded diagram is best. Use a cutaway view for
illustrating internal or hidden parts. A block diagram or schematic will help present

conceptual elements of a principle or aid in developing mental models of abstract

concepts.
Diagram/schematic inappropriate Somewhat appropriate Appropriate
1 2 3

2. Labeling — The image should use lines and text labels to identify its parts. If the
image has many parts, a numbering scheme and parts list will help eliminate clutter.

Not labeled Cluttered labeling Appropriately labeled
1 2 3

3. View - If the view is not immediately recognizable, the angle should be labeled

as “top view,” “side view,” and so on.
Cannot recognize _Somewhat recognizable view, missing label Appropriate
1 2 3

4. Concept — Block diagrams should properly use blocks, arrows, and text to

demonstrate a flow or cause-and-effect to explain or clarify a concept.

Unclear concept Somewhat clear Clear concept
1 2 3
Flowcharts

When using or rating flowcharts, follow these guidelines:
1. Shapes - There are standard shapes, also called symbols, boxes, enclosures, or
blocks that represent the various functions of flowcharts.

Non-standard shapes Most standard shapes Standard shapes
1 2 3
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2. Flow - For a flowchart to be effective, it must include logical, guided steps to
direct the reader through a logical process or sequence of events. The flowchart must not
be open-ended, or leave the reader without direction.

Hard to follow, open ended Somewhat hard to follow  Logical, easy to follow
1 2 3

Screenshots
When using or rating screenshots, follow these guidelines:
1. Type - Display the sub-window or portion of the screenshot that pertains to
the relevant content, rather than the whole screen.

Whole screen used unnecessarily Poor cropping Proper sub-window
1 2 3

2. Clarity — Screenshots should be high enough resolution to offer clear detail

when reduced to fit allotted space.

Unclear Somewhat clear Good clarity
1 2 3
Graphs

When using or rating graphs, plots, or data charts, follow these guidelines:
1. Distortion - Avoiding distortion is important in creating effective graphs.

Image does not match data _ Somewhat distorted for effect Image matches data
1 2 3

2. Context - Encourage the eye to compare different sets of data. In other words,
the reader must ask, “Compared to what?”

Data exaggerated, no reference  Somewhat exageerated  Presented in context
1 2 3

3. Chartjunk - Encourage the reader to think about the substance of the graph,

rather than methodology, design, technology, or “something else,” described as chartjunk.
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Chartjunk, sometimes called clutter, is described as things included in graphs and charts
that are not vital to the understanding, and may detract from their main intention.

Too much chartjunk Chartjunk appropriate for effect No chartjunk
1 2 3

4. General - Graphical displays should make large data sets coherent and reveal
the data at several levels of detail, from a broad overview to the fine structure. This was
accomplished by following three main processes while interpreting the graphs. First,
identify the important visual features, such as the slant of the curve or line. Next, identify
the relationship between the quantitative facts (e.g., the increase or decrease in the
relationship between x and y). Finally, correlate the relationship of x and y to the variables

given, such as year versus population.

No processes followed One of three followed All three followed
1 2 3
Tables

When using or rating tables, follow these guidelines:
1. Title - The table typeface should be non-serif and 1 to 1.5 points smaller than
the surrounding text. The title should be a brief and concise description of what the table

represents. If the title must be longer, the use of an asterisk and a footnote should be

considered.
Missing all three elements Missing one element All three present
1 2 3

2. Format - The boxhead contains the column headings in bold text. The left hand
vertical column, or stub, lists the items about which information is given in the body of the
table. The body contains the data below the boxhead and to the right of the stub, and

should be arranged so the items in the stub appear adjacent.
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Missing all three elements Missing one element All three present
1 2 3
Combinations

When using or rating illustrations that use combinations of two or more illustration
types, follow these guidelines:

1. Overall - Combination illustrations must be rated using an overall effectiveness
rating involving application of general and individual criteria.

Not effective Somewhat effective Effective
1 2 3
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Appendix B: Illustration rating examples

This appendix contains examples of the textbook illustrations rated using the illustration
effectiveness instrument from appendix B. The illustrations are displayed by category,
with a table showing the score with rationale for the score from the general guidelines,
common elements, and specific illustration type criteria, followed by the overall
effectiveness rating.

The rating scale utilized a Likert scale with a 1-3 rating, with 1 indicating not
effective, 2 — somewhat effective, and 3 indicating effective.

The illustration in Figure 24 represents a somewhat effective illustration from the

pictures, images, and photograph category.
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Somewhat effective picture illustration results

General Guidelines

Rating Rationale

Proximity 3 The illustration follows closely to the text it is meant to clarify,
and easy for the reader to locate.

Crowding 2 The illustration utilizes less white space than the average
ilustration in the textbook, and is somewhat crowded into the
margin.

Label 1 No use of a number, title, or label to identify the illustration.

Audience 2 The illustration is somewhat elementary, decorative, and
does not match the target audience level.

Interpret 1 There is no introduction of the illustration, and no text
advising readers what to expect in the illustration.

Captions 1 The caption does not describe the major points made by the
illustration.

Confusion Factor 1 The illustration is cluttered, and difficult to interpret. The
caption and text discuss a large database called a data
warehouse, and the number of filing cabinets it represents;
and the illustration depicts a mall storefront.

Stand-alone Factor 2 The illustration and caption require the reader to search for
clarification in the text.

Common Elements No deduction for common element misuse.

Picture, Image, and

Photograph category

Type 2 The text and caption describe a large database. The normal
ilustration type for a database is a screen capture, or picture
of a database in use on a computer screen.

Relevance 1 The image does not represent the topic presented.

Clarity 2 The storefront logo is clear, but the image lacks clear, sharp
lines, and is somewhat small to identify characteristics.

Angle 3 The angle of the iliustration is sufficient.

Cropping 2 The illustration is somewhat cluttered.

Scale 3 The image is familiar, and requires no scale object.
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The overall rating for the picture illustration in Figure 24 averaged 1.86, or slightly
less than somewhat effective. In comparison, Figure 25 and Table 8 represent an example

of an effective picture illustration, with a 2.93 overall rating.
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Figure 25. Effective picture illustration
Table 8

Effecrive picture illustration results

General Guidelines Rating Rationale

Proximity 3 The illustration follows the text it is meant to clarify, and easy
for the reader to locate.

Crowding 3 The illustration utilizes the proper amount of white space.

Label 3 There is a number, clear title, and labe! identifying the
illustration.

Audience 3 The illustration matches the target audience.

Interpret 3 The illustration is introduced by the text with a proper label,

and advises the readers what to expect.
Captions 3 No caption necessary




Confusion Factor

Stand-alone Factor

The illustration is uncluttered.

The illustration and text clearly describe the item.

Common Elements

No deduction for common element misuse

Picture, Image, and
Photograph category
Type

Relevance
Clarity

Angle

Cropping

Scale

A photograph or computer generated image is appropriate.

3 The image represents the topic presented.

The picture shows clear, sharp lines.

The angle of the illustration represents what a technician
would see looking at the component uninstalled.
No unnecessary details.

The image should be familiar to the target audience, but
lacks a sense of scale.

Figure 26 and Table 9 represent a somewhat effective illustration from the diagram

and schematic category.
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Figure 26. Somewhat effective diagram illustration
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Somewhat effective diagram illustration results

General Guidelines

Rating Rationale

Proximity 3 The ittustration follows the text it is meant to clarify, and easy
for the reader to locate.

Crowding 3 The illustration utilizes the proper amount of white space.

Label 1 There is a title, but no number or label identifying the
illustration.

Audience 3 The illustration matches the target audience.

interpret 2 The illustration is introduced by the titie as a modem-
equipped computer turning into a Internet fax platform, but
the schematic displays standard, previously used generic
computer icons.

Captions 1 No caption to explain points made by illustration

Confusion Factor 2 The illustration is uncluttered, but hard to interpret.

Stand-alone Factor 1 The illustration and text do not clearly describe the
illustration. |

Common Elements

Key or Legend -126  Subtraction for lack of icon identification in key or legend.

Ciipart -.0625 Subtraction for generic icon.

Diagrams and

Schematics

Type 3 Computer generated schematic is appropriate.

Labeling 1 Components not labeled

View 3 View of illustration is appropriate

Concept 2 Concept somewhat unciear

The overall rating for the diagram illustration in Figure 26 averaged 1.90, or

slightly less than somewhat effective. In comparison, Figure 27 and Table 10 represent an

example of an effective diagram illustration, earning a 3.0 overall rating.
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Figure 27. Effective diagram illustration

Table 10

Effective diagram illustration results

General Guidelines

Rating Rationale

Proximity 3 The illustration follows the text it is meant to clarify, and easy
for the reader to locate.

Crowding 3 The illustration utilizes the proper amount of white space.

Label 3 There is a title, label, and number identifying the illustration.

Audience 3 The illustration matches the target audience.

Interpret 3 The iflustration is introduced by the text, and readers are
advised what to expect.

Captions 3 The caption explains major points made by the illustration,

and uses smaller text.
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Confusion Factor

Stand-alone Factor

The illustration is uncluttered, and easy to interpret.

The illustration and caption contain enough data.

Common Elements

No deduction for common element misuse

Diagrams and

Schematics

Type Computer generated schematic is appropriate.
Labeling Components clearly labeled

View View of illustration is appropriate

Concept Concept of modem function clear

Figure 28 and Table 11 represent a somewhat effective illustration from the

flowchart category.
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Figure 28. Somewhat effective flowchart illustration
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Somewhat effective flowchart illustration results

General Guidelines

Rating Rationale

Proximity 2 The iliustration follows the text it is meant to clarify, but the
reader must flip the page to interpret complicated flowchart.

Crowding 3 The illustration utilizes the proper amount of white space.

Label 2 There is a title, label, and number identifying the illustration,
but no designation for the chapter. Each chapter starts
sequence over.

Audience 2 Somewhat hatd to interpret, given the audience and previous
flowcharts.

Interpret 2 The illustration is introduced by the text, but the interpretation
does not readily match the flowchart text.

Captions 3 No caption necessary.

Confusion Factor 1 The illustration is cluttered with extra text and difficult to
interpret.

Stand-alone Factor 2 The title and flowchart text are somewhat sufficient, but
reader must flip to text.

Common Elements

Arrows A28 Deduction for non-standard arrow use (squiggly iine, and no
interpretation for dotted arrow leader)

Flowchart

Shapes 2 Squiggly line and need for change box non-standard, plus
standard end or termination box missing.

Flow 1 Reader left without direction with three open-ended boxes,

and non-logical steps.

The overall rating for the flowchart illustration in Figure 28 averaged 1.88, less

than somewhat effective. In comparison, Figure 29 and Table 12 represent an example of

an effective flowchart, earning a 3.0 overall rating.
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Figure 29. Effective flowchart illustration
Table 12
Effective flowchart illustration results
General Guidelines Rating Rationale
Proximity 3 The illustration follows the text it is meant to clarify, without
flipping the page to understand.
Crowding 3 The illustration utilizes the proper amount of white space.
Label 3 There is a title, label, and number identifying the illustration.
Audience 3 The level and context of the information matches the reader.
Interpret 3 The illustration is introduced by the text, and the readers are
advised what to expect.
Captions 3 No caption necessary.

Confusion Factor 3 The illustration is uncluttered and easy to interpret.
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Stand-alone Factor 3 The flowchart and title are self-explanatory.

Common Elements This illustration had no deduction for common element
misuse

Flowchart

Shapes 3 All standard shapes.

Flow 3 Logical, guided steps direct reader through process with

explicit conclusion.

Figure 30 and Table 13 represent a somewhat effective illustration from the

screenshot category.

Figure 30. Somewhat effective screenshot illustration
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Somewhat effective screenshot illustration results

General Guidelines

Rating Rationale

Proximity 3 The illustration follows the text it is meant to clarify, without
flipping the page.

Crowding 3 The illustration utilizes the proper amount of white space.

Label 1 There is no title, label, or number identifying the iliustration.

Audience 3 The level and context of the information matches the reader.

interpret 1 The illustration is not introduced by the text, and the readers
are left to assume the illustration is correct.

Captions 1 No caption.

Confusion Factor 2 The illustration is not cluttered, but is hard to interpret.

Stand-alone Factor 1 The illustration means nothing without the text description.

Common Elements This illustration had no deduction for common element
misuse

Screenshot

Type 2 Poor view, should be larger to envision 3-D effect.

Clarity 2 Unclear, too small to read.

The overall rating for the screenshot illustration averaged 1.9, slightly less than

somewhat effective. In comparison, Figure 31 and Table 14 represent an example of an

effective screenshot illustration, earning a 3.0 overall rating (image scan somewhat

unclear).
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Figure 31. Effective screenshot illustration

Table 14

Effective screenshot illustration results

General Guidelines Rating Rationale

Proximity 3
Crowding 3
Label 3
Audience 3
Interpret 3

The illustration foliows the text it is meant to clarify, without
flipping the page.

The illustration utilizes the proper amount of white space.
There is a label and number identifying the illustration. No

title necessary due to caption.
The level and context of the information matches the reader.

The illustration is introduced by the text, and the readers are
advised of what to expect.
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Captions 3 Caption helps define illustration, and assist with stand-alone.
Contfusion Factor 3 The illustration is uncluttered and easy to interpret.
Stand-alone Factor 3 lliustration and caption create a stand-alone figure.
Common Elements No deduction for common element misuse

Screenshot

Type 3 Screenshot displays Excel program in background, and

optimizing routine for good clear context.
Clarity 3 Good resolution, easy to read.

Figure 32 and Table 15 represent a somewhat effective illustration from the graph

category.

Whether the sianufacturing operation is continueus or discrete, the results
from quality control are analyzed closely 1o identify opportunites for mprove-
ments. Teams using che total quality management (TQM) or continuous
improvement process (see Chapier 2) often analyze this daca ro increase the
quality of the product or eliminate problems in the manufacturing process. The
result can be a cost reduction or increase in sales.

Information generated from quality-control programs can help workers
tocate problems in manufacturing equipment. Quality-control reports can also
be used to design berter products. With the increased emphassis on quality,
workers should conrinue to rely on the reports and outputs from this impor-
tant application.

Product weight

MARKETING MANAGEMENT INFORMATION SYSTEMS

A marketing MIS supports rmanagerisl acrivities in product development,
distribution, pricing decisions, promotional effectivencss, aad sales forecasi-
ing. Marketing functions arc increasingly being performed on the Internet. A

Time number of companies are developing Internet marketplaces to advertise and

sell products. Customer relationship management (CRM) programs, avail-

FIGURE 48 .\4@ able from some ERP vendors, help a company manage all aspects of customer
cantrol Chart; encounters. CRM software can help a company collecr customer dars, contact

customers, educare customers on new products, and sell products 1o customers

This chart & used 10 mornutor prod- s P

vetqualty 7 & fnousrs! mg;o‘b i thmugb.an Interner site. Alaska Airlines used a CRM system fo NoLify customers
apotication Froguct vanances abour flight changes after the September 11th tragedy.” According to Karen
sxceeding censi tojerances cause  Wells-Fletcher, manager of network operations at Alaska Airfines, “I don’t know
GSO (VOORKS 10 be ngjectad, if we could have made it through September 1Ith and all the rescheduline with-

Figure 32. Somewhat effective graph illustration
Table 15

Somewhat effective graph illustration results

General Guidelines Rating Rationale

Proximity 3 The illustration follows the text it is meant to clarify, without
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flipping the page.

Crowding 2 The illustration utilizes the minimal amount of white space,
and is placed in the margin.

Label 3 There is a title, label, and number identifying the illustration.

Audience 3 The level and context of the information matches the reader.

interpret 2 The label and number properly introduce the ilustration.
However, the text describes multiple attributes, and the
graph displays one.

Captions 3 The caption helps explain the chart.

Confusion Factor 2 The illustration is not cluttered, but is hard to interpret.

Stand-alone Factor 3 lilustration and caption create a stand-alone figure.

Common Elements

Key or Legend -125 Deduction for lack of a key or legend to match text
description of muitiple attributes

Graph

Distortion 3 No distortion.

Context 2 Limits encourage reader to compare weight averages, but
text describes muitiple attributes.

Chartjunk 1 Barrel is a distraction, does not match other graphs in
textbook, and does not encourage readers to think about the
substance of the graph statistics.

General 2 The curve of the line is evident. The x-y relationship is

evident, but the labels are non-distinct.

The overall rating for the graph illustration averaged 2.29, slightly above somewhat

effective. In comparison, Figure 33 and Table 16 represent an example of an effective

graph illustration, earning a 3.0 overall rating.
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Figure 7-10

The Class A and B addresses make up 75 percent of the IPv4 address space, but a relative
handful of organizations (fewer than 17 000) can be assigned 2 Class A or B network
number. Class C nctwork addresses are far more numerous than Class A and B addresses,
although they account for only 12.5 percent of the possible 4 billion IP addresses, as shown
in Figure 7-10.

IP Address Allocation

Figure 33. Effective graph

Table 16

Effective graph illustration results

General Guidelines Rating Rationale

Proximity 3 The illustration follows the text it is meant to clarify, without
flipping the page.

Crowding 3 The illustration utilizes the proper amount of white space.

Label 3 There is a label, number, title identifying the illustration.

Audience 3 The level and context of the information matches the reader.

Interpret 3 The illustration is introduced by the text, and the readers are
advised of what to expect.

Captions 3 No need for caption due to title.

Confusion Factor 3 The illustration is uncluttered and easy to interpret.

Stand-alone Factor 3 lllustration and title create a stand-alone figure.

Common Elements No deduction for common element misuse

Graph

Distortion 3 No distortion.
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Context 3 Reader is encourages to compare various classes of |P
addresses.

Chartjunk 3 No use of chartjunk.

General 3 Size of pie pieces relevant to easy-to-read descriptions and

percentage variables.

Figure 34 and Table 17 represent a somewhat effective illustration from the table

category.
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Figure 34. Somewhat effective table illustration
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Somewhat effective table illustration results

General Guidelines

Rating Rationale

Proximity

Crowding

Label

Audience

Interpret

Captions

Confusion Factor

Stand-alone Factor

2

The illustration follows the text it is meant to clarify, without
flipping the page. However, the illustration is referred to
early, before covering any of the topics in the table.

The illustration utilizes a minimal amount of white space, and
is crowded at the bottom of the page.

There is a label and number, and title identifying the
Hustration.

The level and context of the information matches the reader.

The label and number properly introduce the illustration.
However, the text describes potential problems, where the
illustration is titled social issues in information systems.
No need for caption.

The illustration is not cluttered, but is hard to interpret since
the text calls for a table, but the iliustration resembles a
bulleted list.

lllustration and caption create a stand-alone figure.

Common Elements

No deduction for common element misuse.

Table
Title

Format

No title on table header (no header).

No boxhead; column and body are combined

The overall rating for the table illustration averaged 2.2, slightly above somewhat

effective. In comparison, Figure 35 and Table 18 represent an example of an effective

table illustration, earning a 2.9 overall rating.
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Because 3 bits can define eight values, 802.1p defines cight traffic
classes. These traffic classes, and their associated traffic types, are
listed in the 802.1p Traffic Classes Table.
802.1p Traffic Classes
ngff::t;a;s ?Bgﬁn\?r;u)e Traffic Types

7 111 Netework control

& 114 irderactive voice

5 101 Interactive multimedia

4 100 Controbed foad applications

{streaming multimedia)

| 3 o1y Excellent effort

2 g1 Spare |

1 00 | Background

0 000 Best effort (default)

Figure 35. Effective table illustration

Table 18

Effective table illustration results

General Guidelines

Rating Rationale

Proximity

Crowding

Label

Audience

interpret

Captions

Confusion Factor

3

The illustration follows the text it is meant to clarify, without
flipping the page.

The illustration utilizes the minimal amount of white space,
and is placed in the margin.

There is a title identifying the iflustration, but no numbered

label.

The level and context of the information matches the reader.

The title properly introduces the illustration, and the text
advises readers what to expect.
No need for caption.

The illustration is not cluttered, and easy to interpret.
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Stand-alone Factor 3 lilustration and title create a stand-alone table.

Common Elements No deduction for common element misuse.

Table

Title 3 Typeface of title is smaller than surrounding text, brief and
concise.

Format 3 The boxhead contains bold headings (with definitions); the
columns properly define the information, and appear
adjacent.

Figure 36 and Table 19 represent a somewhat effective illustration from the

combination category.
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Figure 36. Somewhat effective combination illustration
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Somewhat effective combination illustration results

General Guidelines

Rating Rationale

Proximity 2 The text describing and referring to the illustration follows the
illustration.

Crowding 2 The illustration utilizes a good amount of white space, but is
unnecessarily too large.

Label 3 There is a label and number, and title identifying the
illustration.

Audience 2 The pictures in the illustration bring the figure to a level
below that of the target audience with decorative images.

interpret 2 The label and number introduce the illustration. However, the
text description is brief.

Captions 3 No need for caption.

Confusion Factor 2 The illustration contains pictures cluttered together, but is
somewhat easy to interpret.

Stand-alone Factor 3 lilustration and caption create a stand-alone figure.

Common Elements No deduction for common element misuse.

Effectiveness Rating 2 In this case, combining decorative pictures with a table

missing the title create a somewhat effective combination.

The overall rating for the illustration averaged 2.33, slightly above somewhat

effective. In comparison, Figure 37 and Table 20 represent an example of an effective

combination illustration, earning a 3.0 overall rating.
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Router Operation at the Network Layer
Routers aperate a1 the network tayer by sacking and recording e different nerwnrks snd
chioosing the best path 1o those serworks. The rowers place this mfarmation & 5 ropting
able, which includes the following Rems (see Figare 3235

*  Network addresses —Represent knoswn networks to the router, A network addsess is
progocol-speodie. 1 2 router sepperts moze than one protoced, i hes 3 unsqee table for
each pretoco],

*  nterface—Refors 10 the mterface used by the rourer to reach & given nerwork . This
is the interface that forwards packets destined for the listed network,

% Metric—Refors 10 the cost or distznse o the target network, This 18 & vadue that helps
the toutter choose the best path to & given network .. This metric changes dependung on
how the ronter chooses paths, Common metrics include the nambey of setworks that
et e crossed W0 20010 & destination {also known 45 Bops ), the time it takes woross
all the imterfaces to » given network (also known a5 defay). or a valve sssociated with
the speed of a link {(also known as hondwislii),

Figure 222  Rusmy Tobley
1.0

Figure 37. Effective combination illustration
Table 20

Effective combination illustration results

General Guidelines Rating Rationale

Proximity 3 The illustration follows the text it is meant to clarify, without
flipping the page.

Crowding 3 The illustration utilizes the proper amount of white space.

Label 3 There is a title, label, and number identifying the illustration.

Audience 3 The level and context of the information matches the reader.

Interpret 3 The title properly introduces the illustration, and the text

advises readers what to expect.

D e ———
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Captions

Confusion Factor

Stand-alone Factor

No need for caption.

The illustration is not cluttered, and easy to interpret given
the text introduction.
lllustration and title create a stand-alone figure.

Common Elements

This illustration had no deduction for common element
misuse.

Effectiveness Rating

Combining a diagram illustrating the relationship between the

routers, and the use of routing tables create an effective

combination.




