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The Effects of Contrast and Density on Visual Web Search

By Donnelle Weller

Summary: This study evaluated the effects of white space on visual search
time. Participants were required to search for a target word on a web page
with different levels of white space, measured by level of text density.
Screens were formatted with one of four types of graphical manipulation,
including: no graphics, contrast, borders and contrast with borders under
two levels of overall density and three levels of local density. Results show
that search times were longer with increased overall density but significant
differences were not found between levels of local density. Only the use of
contrast was found to be significant, resulting in an increase in search time.

INTRODUCTION

Early interface design studies were conducted on achromatic alphanumeric displays (Tullis, 1984;
1997). However, web design graphics pose new formatting possibilities to investigate. Since the
multi-functionality of web design often increases the overall density of the display, spatial layout is
an important design component and empirical research should evaluate the effects of alternative
layouts on user performance.

Display information can be grouped in a variety of formats and the format will affect the extracted
information and the interpretation of those elements (Tullis, 1997). Grouping can provide aesthetic
appeal, structure and meaning to a screen format and can be achieved by white space, color,
graphical boundaries, highlighting and contrasting display features. For example, Thacker (1987)
found that displayed information with a border around it was reported to be easier to read, better
in appearance, and preferable. However, too many lines and borders on a screen also create clutter
and can be distracting (Galitz, 1997).

Another variable affecting the efficiency of a visual search is the overall density of the displayed
material. Overall density is a percentage of the characters present in relation to overall space
available. When a display size is held constant, adding more characters will increase the overall
density. As a site contains an increasing amount of information, there is often an increase in overall
density per page. The literature from visual search tasks and the use of simple and complex
displays indicates that increasing display items will increase time and errors for target location
(Tullis, 1984).

Another similar variable affecting visual search is the local density of the material. Local density
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represents the number of other characters in proximity to a character and is a measure of how
tightly packed the information is on the screen. Local density and overall density are positively
correlated. CRT research examined the difference between single spaced and double spaced text. It
was discovered that single spacing of text requires more eye fixations per line and therefore fewer
words are read per fixation, which increases reading time (Kohler, Duchnicky & Ferguson, 1981).
The empirical research indicates that there is a level of local density that is optimal and densities
above or below that level would degrade performance.

Many design guidelines do not discuss the difference between local density and overall density.
What is commonly discussed is the use of white space. White space is the term often used to refer
to blank space on a screen that does not contain text, graphics or other objects; however, it may
contain color depending on the background of the screen (Mayhew, 1992). It is common for
graphic design recommendations to suggest that sufficient white space should be used. It is
suggested that white space helps to structure a screen, group information and guide the eye
(Nielsen, 2000). It is further recommended that white space be used for spatial separation of
information even if boundary delimiters are employed (Mullet & Sano, 1995).

However, research teams studying web usability have found that white space may not be beneficial
and have noted when there was more white space that users were less successful at finding
information, and that they rated sites lower for the ability to find things easily, for ease of
searching, overall appearance, ease of use and productivity (Spool et al., 1997).

This study investigates the effects of visual grouping (none, contrast background, border, and
border with contrast) and density (low, medium and high local density and medium and high
overall density) on search time, error rate and subjective preference.

METHOD

Participants

Ten participants (6 females and 4 males) were recruited through an online university recruiting
program. Participants ranged in age from 18-40, with an average age of 26. Undergraduates
received course extra credit for their participation and only experienced computer and internet
users were selected. Experience was defined as computer and Internet usage on a weekly basis for
a minimum of one year.

Materials

A Dell Optiplex computer was used with a 17" monitor set at a 1024 X 768 resolution. Participants
were seated at a desk at a viewing distance of 60 cm from the monitor. The displays were
presented in a simulated a web browser which recorded user clicks and time.

Four conditions of grouping (none, contrast background, border, and border with contrast) and
density (low, medium and high local density and medium and high overall density) were
manipulated to produce 24 different web pages, each containing a series of textual links. For each
of the 24 display conditions, 10 examples containing different text links were created. Therefore, a
total of 240 displays were created for the experiment, each with a different order of link
presentation.

The medium overall density condition contained a 4 X 4 configuration of blocks for a total of 16
blocks. The high overall density condition contained a 6 X 4 configuration of blocks for a total of 24
blocks. Altering the amount of space between each block varied the local density. Due to the
complexity of the screen layout combined with the number of trials, a range of densities were
defined for each density condition. The ranges were chosen based on previous studies. Medium
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overall density screens ranged from 14-16%. High overall density screens ranged from 21-22%.
Figures 1-4 show examples of four of the conditions. Each link was assigned a number and a
random number generator was used to determine the target for each screen.
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Figure 1. High overall density, medium local density screens contained 6 rows by 4

columns.
Black Magic Chevron Products Feeling Better Flashdance Fine Furniture Ragtime Band
Waoman Children's Cormer She's Not There Cuboard Natural  Jumpin' Jack Diplomat
Hope Your Fine  Energywise Gas  Soul Sacrifice Hakuna Matata  Flash Hay Burner
Favorites Office Products  Title Abstracting Methodist Mission Financial Chase Manhattan
In-Store Prices  Toys & Games Baker Drywall Healing Academy Statement Wal-mart
Paid Placement  Audio & Video Longhorn Building Entertainment GE Capital Fleet Subway

Custom Cabinets Excel Energy america Cigna Healthcare Candy Peddler  Dart Janitorial

Enterprise Rental Orthodontics Hey Joe Eckerd Drug Elite Door & Trim Checker's Pizza
Pink Panther Birdland Tequila City Hall Bail Bond Champion Cleaner Eagle Point

In Theaters Sparts Crafts & Hobbies Wedding Registry Retirement Auto & Accidents
Showtimes Government MNursing 2 Feeding Wish List Planning Warker's Comp
Tickets Society & Culture Social Security  Movie Showtimes Corporate Return Accident Reports
Elite Data Ethan allen Home History Makers  Beaver Builders  Farm Bureau Bread of Heaven
Process Heart and Soul  Highland Homes Home Theater I sing the Mood  Hyatt Resorts

Express Car Lube Don't Get Around Baker Furniture  Craftsman Builder Jailhouse Rock  Edward Jones

Construction Advertisements  Return Policies Business Four Season Auto Accessory Store
IRS Payroll Jewelry Employment Law Economy Star Telegram Harger Lighting
Problems Gourmet Food Injured Children  Computers Dallas News Action Potential
&lexanders Empire Concrete Brookshire Foods Family Radiology Mood Indigo Counter Craft
Cold Shot Compass Bridgeway Home Abba Medley Might Train Everything Floor
Crossfire Electrical IBM Corporation  High Enough Opus One Stray Cat Strut
Mobile Access mMcDonald's Box Office B 8 A Coffee Family Gifting Outdoor Living
Recent Orders Albertson's Movers & Shakers Hercules Muffler  Goodwill Industry Gift Store

Your Account ARL Yacuum Stuffed animals  BCI Mechanical  Financial Health & Beauty

Figure 2. Condition for High Overall Density, High Local Density, No graphics
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Figure 3. Condition for Medium Overall Density, Medium Local Density, and Background
Contrast
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Figure 4. Condition for Medium Overall Density, Low Local Density, and Border
Procedure

Participants were instructed to find target words on a series of web pages. Upon detecting the
target, participants clicked on the target. A new screen then appeared which displayed the words
"correct,” or "incorrect” based on performance. Participants who responded incorrectly then
returned to the previous screen to search for the correct target. Upon detecting the correct target
the participants returned to a beginning page and selected the next trial until all trials had been
completed.

After all trials were completed participants were shown a page listing the different conditions and
were allowed to look at online examples of each condition. They then listed their top 3 condition
preferences as well as their least preferred condition. Participants were also asked to explain any
search strategies they employed.

RESULTS

A 4 x 3 x 2 repeated measures ANOVA was used to analyze the effects of grouping type, local
density and overall density on search times. Results revealed a main effect for overall density and
for grouping type. Overall high density screens (M = 1.100, S.D. = .391) had higher search times
than the medium overall density screens (M = .933, S.D. = .360) p < .01). No significant effects
were found for local density.

For the grouping variable, only contrast background was found to be significantly different from the
other grouping variables, resulting in a longer search time (See Figure 5). No significant effects
were found for any of the interactions.
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Figure 5. Search times for by type of grouping

At the end of the experiment, participants were asked to indicate the layouts they liked the best
and which they liked the least. Preference data showed that the high overall density was the least
preferred screen presentation in that 9 of the 10 participants selected this as their least preferred
condition. There was not a consensus on the most preferred layout.

DISCUSSION

The purpose of this study was to investigate the effects of density and grouping on the user
performance as measured by search time. This information is important in order to design effective
graphical user interfaces and is particularly relevant as interfaces becomes smaller with the trend
toward mobile computing devices; and, as applications are required to provide large amounts of
data to numerous users as in the instance of portals.

As the overall density increased, so did the search time, which is consistent with previous findings
(Tullis, 1997). Preference data showed that the high overall density was subjectively the least
preferred screen presentation. This is consistent with research that subjective ratings relate to
alignment and the closeness of the display arrangement (Tullis, 1997).

Displays with a background contrast had longer search times than for screens which used 1) no
graphic 2) only border or 3) both border and contrast combination. It is interesting to note that the
search times for the contrast condition and the border and contrast were not similar. In both the
border condition and the contrast and border condition, all text was included in a blocked space.
However, in the contrast condition, every other block contained the color (see Figure 3).
Participants reported that locating the target was difficult in the contrast display when the target
was both (1) not in a colored grouping, or, in other words had the appearance of being in a "white
box," and (2) was located in the uppermost right hand corner. Participants noted that they would
tend to see the word when located in the blue area but not as quickly when located in the white
corner. These findings support the guideline that suggests color is a poor delineator of screen
elements and a border should be used to set off adjacent areas of different colors (Galitz, 1997).

These findings are relevant to the design of displays with a large amount of data relative to the
display size. Because it is often recommended that white space be used, less data can be
presented. However, these results demonstrate that there is no difference between using white
space and using a contrast background or border to group information.
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