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ABSTRACT

This study measured the effect of specific white space features on learning
from instructional Web materials. The study also measured learners’ beliefs
regarding Web-based instruction. Prior research indicated that small changes
in the handling of presentation elements can affect learning. Achievement
results from this study indicated that in on-line materials, when content and
overall structure are sound, minor differences regarding table borders and
vertical spacing in text do not hinder learning. Beliefs regarding Web-based
instruction and instructors who use it did not differ significantly between
treatment groups. Implications of the study and cautions regarding general-
izing from the results are discussed.

Web-based and Web-supported instructional development is increasing rapidly.
The Web promises access to immense amounts of information quickly and easily,
and offers exciting options to teachers and learners, both at a distance and in
conventional settings. Instructional Web sites are available on nearly any topic for
any age. Unfortunately, many instructional sites include elements of visual,
structural, or content design that can hinder learning. Sites that are poorly
designed, visually or structurally, may diminish or negate the Web’s potential
benefits. Previous research in the realm of learning from computer mediated visual
presentations indicates that even where structure and content are sound, decisions
regarding visual design can affect subjects’ ability to learn from the material
presented [1]. Two constructs related to this framework are Presentation Inter-
ference and Cognitive Overhead. Presentation Interference has been defined as
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any presentation-related factor that distracts the learner from the message content
[2]. Examples include inappropriate color choices, inconsistent or incompatible
screen transitions, inconsistent navigation devices, spelling and grammatical
errors, etc. Cognitive Overhead [3], refers to the negative influence distracting
factors such as presentation interference have on learning. The premise is that
increased cognitive overhead results in increased challenge and difficulty for
learners in focusing on and processing vital content. Distractions caused by
relatively insignificant elements of an instructional presentation, for example,
inconsistent placement of navigation icons, make learning more difficult because
learners must reorient themselves to structural and screen elements when they
should be attending to content.

As with all other media, Web developers need to know that cluttered documents
communicate less [4, 5] and design elements should always be planned [6]. Rich
research has been conducted in the area of learning from instructional text with
regard to legibility. For example, to help learners understand the structure of the
content, developers should use white space differently around various levels of
headings [7-9]. To differentiate paragraphs, vertical space is more effective than
indention [8]. White space is an important component of readability that is
generally considered to make text easier to read [10, 11].

White space is any part of the page or screen that does not have text or graphical
elements [12]. White space has at least six forms: 1) the margins, 2) the area
surrounding the headings and between headings and corresponding paragraphs,
3) the space at the end of lines, 4) the leading, 5) the tracking, and 6) the space
around images and graphic elements. Appropriate use of white space forms
provides for powerful visual design [9].

Among the benefits of white space are the following: appropriate use of
white space facilitates contrast [13], simplicity, and balance in a document.
White space can create tension between two design elements [14]. Empty space
provides resting points within a page that may facilitate deeper processing. In
printed instructional text, developers frequently have used boxes to extend the
reader’s comprehension of the main ideas, but research has not reported on
its effectiveness [15]. Applied in isolation, generic guidelines can be of
limited usefulness [2]. As with all other design choices, context, including
topic, audience, setting, and medium, is important to determining appropriate-
ness. Above all, the appropriateness of white space must be considered
holistically, in relation to all other design choices and elements on or within the
same page or document. As a design element [16, 17], its use should be as
thoughtful as any other.

Recent research in this area utilizing modern media is minimal and many
text-specific guidelines lack true experimental and treatment designs, particularly
with comparisons of actual practice versus professional standards (as opposed
to two treatments that are merely different from each other). There is a need to
re-examine legibility of text, specifically spatial arrangement in the context of
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instructional Web pages. Although both deal with large amounts of text, the
context of the Web is very different from the context of a printed page, or even
from Computer Based Instruction (CBI) screens. For example, in a printed page
white space generally has a positive connotation, although its use may be limited
by the need to conform to specific numbers of pages. In a CBI program, the amount
of text on a single screen can be greatly reduced and the amount of white space
increased because it costs virtually nothing to add additional screens, thereby
making the information on any single screen appear easier to access. However,
what would appear to be an optimal amount of white space in a CBI program
would, in the context of a Web page, be considered wasteful and bad practice
because it would create the need for scrolling to get to all the information. Nielson
discusses the need to limit the amount of white space to just what is necessary
for ease of usability [18]. Further, the presence of hyperlinks in Web pages
allows users to think about, use, and pursue information differently than with a
static printed page. This may result in differences regarding learners’ percep-
tions, motivation, and effort when using the Web, thereby affecting their abilities
to learn using Web-based text. The topic is important for developers interested
in transferring curricula to the Web and in understanding how to develop on-line
multimedia instruction that is visually sound and that should promote better
learning.

Research in a context of computer generated presentations has indicated that
small changes with regard to presentation factors can affect achievement and
beliefs [1]. In that study, an instructional presentation that was intentionally
presentation interference free resulted in higher achievement scores than did
presentations with interference. Further, although subjects who learned from
visually well designed presentations and those who learned from presentations
containing presentation interference both reported strong beliefs regarding the
beneficial nature of computer generated presentations, including that they
believed they had “learned a lot” from the treatment, the treatment groups viewing
presentations containing interference learned significantly less as measured by
the achievement test.

The present study examined similar hypotheses in the context of information via
the Web. The purpose of this study was to determine whether small changes in
white space related factors (e.g., structural white space, visible table borders)
affected learning from Web-based instructional materials as measured by achieve-
ment and belief. In particular, it measures effects of white space in an intentionally
presentation interference-free instructional Web presentation vs. similar lessons
with inappropriate handling of white space.

Hypothesis 1: Subjects receiving treatment one, with white space and no
visible table borders, would score higher on the achievement test than
would subjects in treatments two or three, without white space structural
cues and with visible table borders.
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Hypothesis 2: Subjects viewing treatment one, the interference free presenta-
tion, would report more positive beliefs regarding 1) the treatment site,
2) learning from the Web in general, and 3) instructors who include
Internet use in their classes, than would those viewing presentations
containing presentation interference.

METHOD

Subjects

Subjects were 47 undergraduates enrolled in first-year multimedia design
and production courses at a small, public, four-year university in the south-
western United States during the spring 2000 semester. Participation was volun-
tary. Subjects were randomly assigned to three treatment groups. Following
the treatments, subjects completed an immediate achievement test and belief
questionnaire.

Materials

Treatments

A Web site presentation was developed and presented via Windows-based
computers with high resolution monitors and Netscape Communicator. The treat-
ments presented types, incidence, and identification of skin cancer, and steps to
reduce risk (adapted from [1]). The “control” version was designed according to
known screen design research findings and prescriptive guidelines, was free of
intentional interference, and included a great deal of white space, without visible
tables, lines, or borders. The second version of the presentation was identical to the
control version with one exception, the borders of tables used to organize the
information were visible. The result was borders very close to the text without the
“pixel padding” that would allow space between border and text. The third version
was identical to the second with one exception: the structural white space was
eliminated, resulting in more condensed text and, in some instances, text no longer
directly beside related graphics. Across treatment groups, all factors remained
constant except the handling of white space and visible table borders on the
premise that small changes in a page may affect learning. This premise was based
on results from previous research in which small changes in screen design and
presentation factors between treatments did result in significant differences across
treatment groups.

Instrument

A two-part instrument was used to collect data. The first part was a 25-item
“short answer” and “fill in the blank™ achievement test regarding the information
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presented. The second portion was a series of 12 seven-point bipolar probability
items regarding subjects beliefs. Questions 1-5 of the belief questionnaire referred
to students’ beliefs regarding the credibility of the site and how much they learned
from it. Questions 7-9 referred to subjects’ beliefs regarding Web-based infor-
mation and instructors who use it. Question 10 referred to the subjects’ own
experiences with Web development, and questions 6, 11-12 referred to subjects’
beliefs about their behavior before and after visiting the site.

Content validity was assured in the following manner: Both test and treatments
were developed using information and photographs distributed by the American
Cancer Society and the Mayo Clinic. Posttest items were parallel to the instruction.
Both the test and the content were evaluated by the researchers, two software
development teachers, and one corporate instructional designer. Using a split half
procedure, the reliability coefficient for the posttest was 0.82.

Procedures

An experimental posttest-only control group design was used. Randomization
of subjects into treatment groups was used to assure absence of bias. The inde-
pendent variable was treatment. The dependent variables were 1) the percentage of
correct responses to the follow-up test and 2) responses to the belief questionnaire.

Data were collected during a four-week period to increase the number of
participants and to more closely mimic students’ uses of the Internet for learning.
Subjects chose their own participation times from a variety of times offered,
without the pressure of a contrived classroom atmosphere, and were randomly
assigned to one of three treatment groups. Study participants learned from a
Web-based lesson, then completed an achievement test and belief questionnaire.
The treatment took subjects about 15 minutes to complete. All subjects completed
the questionnaires immediately following the treatment and were allowed as
much time to complete the posttest and questionnaire as they desired. Completing
the questionnaire required 10-20 minutes.

Data Analysis

The number of points correctly answered on the posttest was converted to a
percentage of the items possible. Data from the posttest were analyzed using
one-way analysis of variance (ANOVA). Significance was set at the .05 level.
SPSS was used to analyze the data. Responses to items on the belief questionnaire
also were analyzed using ANOVA, with significance set at the .05 level.

RESULTS

The study considered two hypotheses. The first predicted that subjects receiv-
ing treatment one, with white space and no table borders, would score higher on
the achievement test and that subjects in treatment three, without white space
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structural cues and with visible table borders, would score lower than subjects in
both treatments one and two. The second hypothesis examined responses to a
10-item belief questionnaire regarding the treatment and the use of the Web for
instruction in general. Analysis of variance was used to analyze data regarding
each of the questions.

Achievement

All subjects completed a 25-item achievement test immediately following the
treatment. Means achievement scores for Treatments groups 1, 2, and 3 were 77,
80, and 78, respectively (Table 1). Analysis of variance showed no significant
difference between treatments, F(2, 44) = 0.231, p = .795 (Table 2). Because no
significant difference was found between treatment groups, no further analyses
were conducted for the achievement test.

Beliefs

All subjects completed a 12-item belief questionnaire. Responses were col-
lected via a seven-point bipolar probability scale. For items 1-10, 7 = “Strongly
Agree” and 1 = “Strongly Disagree;” for item 11, 7 = “Extremely Concerned”
and 1 = “Not at all Concerned;” and for item 12, 7 = “Extremely Often” and
1 =“Not at All.”

There were no significant differences between treatment groups on any of the
belief items (Table 3). Subjects in all groups thought the site was credible, with
mean responses for item 1 ranging from 5.5-6.1 out of 7. Responses across all
groups were also positive for items 2, “I learned a lot from this site,” (5.1-5.6) 3,
“Learning from this site was easy” (5.5-6.1), and 5, “I thought the site had about

Table 1. Achievement Means and Standard Deviations by Treatment

T1 T2 T3
Mean score 77 80 78
Standard deviation .1302 .1256 .1321

Table 2. Analysis of Variance of Achievement Test

Source SS DF MS F

Between 7.72 2 3.86 0.231*

*p = 0.795
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Table 3. Mean Responses to Belief Questionnaire

ltem T T2 T3 F
1. I thought the site was credible. 5.5 5.7 6.1 1.0
2. | learned a lot from this site. 5.6 53 5.1 0.8
3. Learning from this site was easy. 6.1 5.8 5.5 0.6

4. Learning from this site required
concentration. 4.8 4.0 4.7 1.1

5. | thought the site had about the right
amount of information. 5.6 5.1 5.7 0.7

6. | expect some of my behaviors to
change as a result of visiting this site. 4.5 5.1 4.2 1.5

7. In general, Web-based information is
very beneficial. 6.3 5.7 6.0 0.4

8. Instructors who use the Internet
are usually better than those who
do not. 4.3 41 4.2 0.1

9. I trust and respect teachers who
include Internet use in their classes
more than | trust and respect those
who do not. 3.7 3.9 3.8 0.1

10. | have had lots of experience with
Web production. 4.9 4.5 4.1 0.8

11a. Before visiting the site, | was
concerned about my getting skin
cancer. 3.6 3.9 29 1.2

11b. Now, after visiting the site, | am
concerned about my getting skin
cancer. 4.7 4.2 3.8 15

12a. Before | visited the site, | applied
sunscreen this often: 4.3 3.8 2.4 2.7

12b. After visiting the site, | expect to
apply sunscreen this often: 4.6 4.5 3.3 1.6
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the right amount of information,” (5.1-5.7). Responses to question 4, “Learning
from this site required concentration” were neutral (4.0-4.7).

For items 6, “I expect some of my behaviors to change as a result of viewing
this presentation,” and 8, “Instructors who use the Internet are usually better than
those who do not,” responses were uniformly neutral across treatment groups.
Responses to item 7: “In general, Web-based information is very beneficial,”
ranged from 5.9-6.3. For item 9: “I trust and respect teachers who include Internet
use in their classes more than I trust and respect those who do not,” response means
ranged from 3.8-3.9. Responses to item 10, “I have had lots of experience with
Web production,” ranged from 4.1-4.9. Responses to items 11 and 12 also did
not vary significantly by treatment. Items 11 and 12 did not deal directly with
presentation-related issues but focused on individuals’ concerns and habits
regarding their own health and skin care habits.

DISCUSSION

The present study measured the effect of specific white space features on
learning from instructional Web materials. The study also measured learners’
beliefs regarding Web-based instruction. The treatments used in this study
were carefully developed to provide sound and accurate information. The overall
structure and content were developed carefully and were consistent across all
three treatments. The differences between treatments were limited to small differ-
ences in a visual component, specifically how white space was handled. Results
indicated that in this case, in which the content and overall structure were sound,
minor differences with regard to table borders and vertical spacing did not
hinder learning.

Hannafin and Hooper [19] have reported that when a learning task is perceived
as more difficult, learners may compensate by applying more effort. Reading
on-line text certainly demands more concentration than reading printed text.
Internet users may compensate by trying harder or concentrating more when
reading on-line text. This could work to minimize differences between treatment
groups. What seems normal in a given environment also is important. In printed
reading, condensed text without structural cues has been shown to decrease
comprehension [16]. In the context of printed materials such as a book, poorly
presented text as in treatment three would be very unusual and, therefore, notice-
able and distracting. However, poor text presentation, including condensed and
unstructured text is quite common in the on-line environment. Therefore, in the
on-line context, the poor handling of text in treatment three may not have been
very noticeable or distracting.

Scrolling may have contributed to a decrease in the positive impact of the
control treatment and the lack of scrolling may have contributed to an increase
in the appeal of treatment three. Scrolling is sometimes necessary in on-line
communication, although most credible Internet development guidelines suggest
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scrolling should be minimized as much as possible [18, 20, 21]. While the overall
appearance of the control treatment is clearly more appealing and consistent with
screen design principles, some scrolling is required. In contrast, treatment three,
which is poorest in terms of overall visual appeal and compliance with screen
design guidelines, requires little or no scrolling.

Another possible explanation for the finding of no significant difference
is learner control, a powerful feature of Web-based instruction. Subjects had
unlimited time and were allowed to read the materials as much as they wanted,
moving on to more information or returning to earlier information, prior to the
posttest. Personal control is an important motivating factor [22-24]. High amounts
of learner control is a normal state in on-line learning, as opposed to low or no
learner control in preprogrammed computer-generated presentations. Achieve-
ment results may have been different if the treatments had precluded learner
control, for example, by controlling the amount of time each page was displayed.
However, to do so would have been unauthentic, given the nature of the medium.
An important attribute of the Web as a medium for learning is that learners
generally can control both the amount of time they spend with each screen, and
whether or not they return to specific screens for review. For many learners,
the Web also may have more intrinsic appeal than ordinary paper-based instruc-
tional materials.

Regarding items on the belief questionnaire, the fact that no significant differ-
ences were found is not surprising, given the results of the achievement test.
On average, subjects in all groups did well on the achievement test, and the content
and navigation structures were identical for all treatments.

While it may be tempting to generalize widely and to interpret the results as an
indication that white space structural cues and visually appealing layout are not
important components of learning from the Web, such is not necessarily the case.
All other aspects of the treatments used in the study were carefully developed:
content was well structured, clear and concise, and highly credible; text was
presented using highly readable font, size, and contrast; navigation was clear and
logical; graphics used were high quality, meaningful, and relevant. Generalization
should be limited to situations in which other components are carefully designed
and developed. Results do not necessarily indicate that white space handling
doesn’t matter, rather that small differences in white space handling may not
be critical when all other aspects are handled well. Follow-up studies should
incorporate time on task measures, as well as qualitative techniques such as think
aloud sessions, observations, open-ended questions, and interviews to provide
deeper understanding of how learners experienced the treatments.

Future research should continue to explore differences in the impact of specific
visual aspects of Web instruction. The on-line environment has its own norms,
quirks, and rules. For example, underlined and italicized text have important and
common uses in printed text. However they should generally be avoided in on-line
text as their uses have different meaning or impact on-line. On-line, underlined
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text indicates a clickable link and italicized text is difficult to read (even more so
via the Web than in print). Suggested research questions for future related research
include the following. Do specific text and layout conventions that research has
shown to impact learning in printed instructional materials have similar results
when applied to on-line materials? Under what conditions do text and white space
related changes hinder or not hinder learning? What are the relationships between
intrinsic motivation and cognitive overhead in Web-based instruction? What are
the relationships between cognitive overhead and learner control in Web-based
instruction? Research that addresses questions such as these should help define
more effective uses of the internet for instructional purposes.
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