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The Web enables broad dissemination of information and services; however, the ways in which
sites are designed can either facilitate or impede users’ benefit from these resources. We present
a longitudinal study of web site design from 2000 to 2003. We analyze over 150 quantitative mea-
sures of interface aspects (e.g., amount of text on pages, numbers and types of links, consistency,
accessibility, etc.) for 22,000 pages and over 1,500 sites that received ratings from Internet pro-
fessionals. We examine characteristics of highly rated sites and provide three perspectives on the
evolution of web site design patterns: (1) descriptions of design patterns during each time period;
(2) changes in design patterns across the three time periods; and (3) comparisons of design patterns
to those that are recommended in the relevant literature (i.e., texts by recognized experts and user
studies). We illustrate how design practices conform to or deviate from recommended practices and
the consequent implications. We show that the most glaring deficiency of web sites, even for sites
that are highly rated, is their inadequate accessibility, in particular for browser scripts, tables, and
form elements.

Categories and Subject Descriptors: H.5.2 [Information Interfaces and Presentation]: User In-
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1. INTRODUCTION

The World Wide Web plays an important role in our society—enabling broader
dissemination of information and services than was previously available.
Nonetheless, there is evidence that many sites have inadequate usability and
accessibility [Forrester Research 1999; Jackson-Sanborn et al. 2002]. Clearly,
the ways in which sites are designed can either facilitate or impede users’
benefit from the vast resources that are available on the Web. What are the

WebTango research was supported by a Hellman Faculty Fund award, a Microsoft Research grant, a
Gates Millennium Fellowship, a GAANN fellowship, and a Lucent Cooperative Research Fellowship
Program grant. The Information School also provided funding for WebTango research.

Authors’ address: University of Washington, 330C Mary Gates Hall, Box 352840, Seattle, WA
98119-2840; email: {myivory,remegraw}@u.washington.edu.

Permission to make digital or hard copies of part or all of this work for personal or classroom use is
granted without fee provided that copies are not made or distributed for profit or direct commercial
advantage and that copies show this notice on the first page or initial screen of a display along
with the full citation. Copyrights for components of this work owned by others than ACM must be
honored. Abstracting with credit is permitted. To copy otherwise, to republish, to post on servers,
to redistribute to lists, or to use any component of this work in other works requires prior specific
permission and/or a fee. Permissions may be requested from Publications Dept., ACM, Inc., 1515
Broadway, New York, NY 10036 USA, fax: +1 (212) 869-0481, or permissions@acm.org.

© 2005 ACM 1046-8188/05/1000-0463 $5.00

ACM Transactions on Information Systems, Vol. 23, No. 4, October 2005, Pages 463—497.



464 . M. Ivory and R. Megraw

design characteristics of the most effective sites? Have these characteristics
changed over time, perhaps due to technological advances, or are they still the
same?

Our goal in this article is to examine these questions. Consequently, we
present a longitudinal study of web site design patterns for the time period
that spans from 2000 to 2003. In prior work, we developed a comprehensive set
of over 150 quantitative measures to assess web interface aspects (e.g., amount
of text on pages, numbers and types of links, consistency, accessibility, etc.)
[Ivory 2001]. During our study period, we computed these measures for over
22,000 pages and over 1,500 sites that received ratings from Internet profes-
sionals. We used the measures and ratings to build accurate statistical models
to distinguish highly rated interfaces [Ivory et al. 2000, 2001; Ivory 2001; Ivory
and Hearst 2002a, 2002b].

We expand upon our prior work by using these measures to examine char-
acteristics of interfaces that were highly rated. In early studies, we discussed
characteristics of highly rated interfaces during the 2000 time frame [Ivory
2001, 2003b]. In this article, we provide three perspectives on the evolution of
web site design: (1) descriptions of designs during each time period; (2) descrip-
tions of changes in designs across the three time periods; and (3) comparisons of
design patterns to those that are recommended in the relevant literature G.e.,
texts by recognized experts and user studies; e.g., National Cancer Institute
[2001]; Nielsen [2000]; Spool et al. [1999]; van Duyne et al. [2002]; and W3C
[1999]). We illustrate how design practices conform to or deviate from recom-
mended practices and the consequent implications. For instance, we show that
the most glaring deficiency of web sites, even for sites that are highly rated,
is their inadequate accessibility, in particular for browser scripts, tables, and
form elements.

We begin with a discussion of related studies on web site design practices and
design guidelines. As background to our analyses, we discuss our prior work
with respect to building models to facilitate automated web site evaluation
(Section 3). Our model-building work and our analyses of design patterns are
complementary, because they both use the same measures and datasets. We
provide an overview of our design pattern analyses within Section 4. Sections
5-7 present: characteristics of Web site designs during 2000, 2002, and 2003;
design changes during the three years; and comparisons of design patterns to
recommended practices.

2. RELATED WORK

Our primary aim in this article is to: (1) examine changes in web site design pat-
terns during our study period and (2) contrast those changes to recommended
design practices. We discuss relevant work along these two strands in this
section. We provide an overview of design guidelines and patterns, problems
faced by designers in applying them, and some approaches for helping to mit-
igate the problems that they face. We then discuss related studies on web site
design.
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2.1 Design Guidelines and Patterns

A plethora of design guidance exists (e.g., Brinck et al. [2001]; Computer Sci-
ence and Telecommunications Board [1997]; Comber [1995]; Detweiler and
Omanson [1996]; Flanders and Willis [1998]; Fleming [1998]; Koyani et al.
[2003b]; Nielsen [2000]; Spool et al. [1999]; van Duyne et al. [2002]; and W3C
[1999]). Most resources provide prescriptive guidance about how to design sites
and offer the advantage of being applicable throughout the entire development
process. Prescriptive guidance is often voluminous, vague, conflicting, or di-
vorced from the context in which sites are being developed, thus making it
difficult to apply.

Many guidelines have not been validated empirically and there is little over-
lap across guideline sets [Ratner et al. 1996]. A noteworthy exception is the
research-based guidelines that researchers at the National Cancer Institute
developed [Koyani et al. 2003a, 2003b; National Cancer Institute 2001]. The
resource consists of 187 peer-reviewed guidelines, with each guideline contain-
ing: an overarching principle, research or supporting information, citations to
relevant literature, a score to indicate the “strength of evidence” that supports
the guideline, a score to indicate the “relative importance” of the guideline to
the overall success of a site, and graphical depictions of guideline conformance
in practice.

Designers may not even be able to successfully use validated guidelines. His-
torically, designers have found it difficult to apply design guidelines [Borges
et al. 1996; Lowgren and Nordqvist 1992; Smith 1986; Souza and Bevan 1990].
Our four studies of web designers show that both novice and professional de-
signers experience difficulties in applying guidelines effectively [Chevalier and
Ivory 2003a, 2003b]; consequently, such resources are underused [Barry and
Lang 2001; Vora 1998]. Our 2002 survey of web practitioners (designers, us-
ability engineers, information architects, webmasters, etc.) revealed that only
36 percent of them always use guidelines when designing sites [Ivory et al.
2003].

One way to help designers conform to guidelines is to incorporate them into
design tools. For instance, Damask is a sketch-based design tool that enables
designers to leverage common web design patterns like L-shaped navigation
bars or specific task completion sequences [Lin and Landay 2002]. The tool
incorporates sketches of design patterns that van Duyne et al. [2002] developed.
Damask does not have semantics associated with sketch objects other than text
areas (page titles, headers, or body text); associating semantics with design
objects may be helpful in providing feedback to designers and in evaluating
early design representations.

In our work, we take another approach to improving guideline conformance:
automated web site evaluation (Section 3). What distinguishes our methodology
from other design guidelines, design patterns, and similar automated evalua-
tion tools is our use of: (1) quantitative measures, (2) empirical data to develop
guidelines, and (3) profiles as a comparison basis. Our approach makes it possi-
ble to conduct context-sensitive analysis (e.g., based on the site’s genre or page’s
style). Another distinction of our approach is that it is possible to leverage the
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empirical data to derive thresholds for quantitative measures and to compare
these thresholds to design guidelines. We demonstrate this capability within
this article.

2.2 Studies on Web Site Design

There have been numerous studies on web site design, mainly examining ac-
cessibility issues (see Schmetzke [2004a] for a survey). Most studies entail
evaluating the accessibility of sites within academic, government, and library
environments (e.g., accessibility of university home pages, department sites,
library sites, and government sites). A major limitation of the existing stud-
ies is that their analyses are based solely upon errors reported by Bobby
[WatchFire 2002], an automated web site evaluation tool. We include Bobby-
reported errors as only five of the 157 quantitative measures that we use to
characterize and analyze web interfaces.

These studies provide valuable insight about accessibility issues, which
we confirm through our analysis. For example, one study of forty-five sites
from three genres—education, government, and e-commerce—found that 47,
53, and 0 percent, respectively, were approved by the Bobby tool [Jackson
1999]. A study of 549 sites from six categories, which included government,
education, job listing, and most popular sites, showed that 66 percent of the
sites were not approved by Bobby [Jackson-Sanborn et al. 2002]. An inter-
esting finding was that, of the sites that were considered the most popular,
only 15 percent were approved by Bobby. A longitudinal study from 1999 to
2001 of web pages at the University of Wisconsin’s thirteen campuses re-
vealed a gradual improvement in accessibility [Schmetzke 2004b]; however,
the highest Bobby approval rating was only 53 percent. Our study suggests
that this positive trend may not be the case for sites in general. Further-
more, we found much lower approval rates (maximum of 24 percent); the
lower rate is most likely attributable to the larger sample sizes that we
used.

Related longitudinal studies of web site design examine the rate of
content and other design changes [Brewington and Cybenko 2000; Cho and
Garcia-Molina 2003; Ntoulas et al. 2004]. Although these studies have differ-
ent motivations (understanding rates and types of design changes and their
implications for Internet search engines), their results confirm that web site
designs do change. For example, in one study, researchers analyzed 720 thou-
sand pages on a daily basis over four months and found that 40 percent of
the pages changed within a week, while 23 percent of the business pages (i.e.,
.com domain) changed daily [Cho and Garcia-Molina 2000]. In another study,
researchers analyzed 151 million pages on a weekly basis over eleven months.
During page analyses, researchers recorded several statistics, including two
measures that we use—the length of pages (i.e., byte sizes) and number of words
[Fetterly et al. 2003, 2004]. About 67 percent of pages did not change during
the study period. These studies suggest that our yearly (as opposed to a more
frequent) time-frame of analysis is appropriate for examining the evolution of
web site design.
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3. WEBTANGO METHODOLOGY

Our methodology entails deriving design guidance (i.e., prevalent design pat-
terns) by examining well-designed interfaces [Ivory 2001, 2003a]. Our objec-
tive was to enable designers to compare their designs to those that are well-
designed, to determine whether their designs exhibit similar properties, and, if
not, to determine how their designs differ. We discuss briefly how we accomplish
this objective.

3.1 Overview
The WebTango approach involves five steps.

(1) Identifying an exhaustive set of quantitative interface measures.
(2) Computing measures for a large sample of rated interfaces.

(3) Deriving statistical models from the measures and ratings.

(4) Using the models to predict ratings for new interfaces.

(5) Validating model predictions.

The methodology comprises two distinct, yet related phases: (1) establishing
an interface quality baseline and (2) analyzing interface quality. For phase one,
we complete all five of the steps discussed above. For phase two, we complete
steps two and four; measures computed during step 2 are only for the site that
is being evaluated. During the first phase, we couple the page- and site-level
measures with expert ratings of sites and apply data mining algorithms (.e.,
automated knowledge discovery) [Witten and Frank 1999] to the aggregate
data to build profiles (predictive models) of highly rated interfaces. Profiles
encapsulate key quantitative measures, thresholds for these measures, and
effective relationships among measures; they represent an interface quality
baseline.

During the second phase, we compare page- and site-level measures for a
site to the developed profiles, as a way to assess its quality. (Evaluated sites
are usually not the same sites that we use to develop profiles.) After we de-
velop profiles, designers can use them in an ongoing manner to evaluate sites.
We periodically repeat (e.g., annually or semi-annually) the interface quality
baseline phase to ensure that profiles reflect current web design practices. In
this article, we summarize the measures and datasets that we used for our
model-building efforts.

3.2 Ildentification of Web Interface Measures

The first step of the WebTango process entails identifying an exhaustive set
of quantitative measures to assess as many aspects of web interfaces as possi-
ble. Based on our extensive survey of design recommendations from recognized
experts and usability studies (e.g., [Flanders and Willis 1998; Fleming 1998;
Nielsen 1998, 1999, 2000; Rosenfeld and Morville 1998; Sano 1996; Schriver
1997; Shedroff 1999; Shneiderman 1997; Spool et al. 1999), we developed 157
page- and site-level measures. Our objective was to first quantify features dis-
cussed in the literature and then to determine their importance in producing
high-quality designs.
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Fig. 1. Conceptual model of web interfaces. Text, link, and graphic elements are the building
blocks. Page- and site-level features use these elements to improve the user’s experience.

We begin with a conceptual model of web interfaces and then present a sum-
mary of the 157 measures. The reader can find an in-depth discussion of them
in Ivory [2001, Chapter 5]. We also developed an interactive appendix to illus-
trate all measures; the reader can access HTML and PowerPoint versions on
the WebTango Project’s web site (http://webtango.ischool.washington.edu).

3.2.1 Conceptual Model of Web Interfaces. We originally developed the
WebTango approach mainly for information-centric web sites (i.e., sites whose
primary tasks entail locating specific information) as opposed to functionally
oriented ones (i.e., sites wherein users follow explicit task sequences). An
information-centric web interface is a mix of text, link, and graphic elements,
formatting of these elements, and various aspects that affect its usability, ac-
cessibility, and quality. Web interface design entails a complex set of activities
for addressing these diverse aspects—information, navigation, graphic, and
experience design (see Ivory and Hearst [2002a] for a discussion). They deal
with information organization, navigation mechanisms, visual presentation or
layout, and overall experience, respectively.

Information, navigation, graphic, and experience design can be further re-
fined into the aspects depicted in Figure 1. The figure shows that text, link, and
graphic elements are the building blocks of web interfaces; all other aspects
are based on them. The next level of Figure 1 addresses formatting of these
building blocks, and the subsequent level addresses page-level formatting. The
top two levels address the performance of pages and the architecture of sites,
including the consistency, breadth, and depth of pages within sites. The bot-
tom three levels of Figure 1 are associated with information, navigation, and
graphic design activities, while the top two levels—Page performance and Site
architecture—are associated with experience design activities. (All levels in-
fluence the users’ experience with a site.) We developed measures to assess as
many of these interface features as possible.

3.2.2 Web Interface Measures. After conducting an extensive survey of the
web design literature, we enumerated 62 design features of web interfaces,
including: the amount of text on a page, fonts, colors, consistency of page layout
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Table I. Summary of 157 Measures Used for Web Interface Evaluation. Each Category
Corresponds to a Block in Figure 1

Number of

Category Measures Aspects Measured

Text elements 31 Amount of text, type, quality, and complexity. Includes
visible and invisible text.

Link elements 6 Number and type of links.

Graphic elements 6 Number and type of images.

Text formatting 24 How body text is emphasized; whether some underlined text
is not in text links; how text areas are highlighted; font
styles and sizes; number of text colors; number of times
text is repositioned.

Link formatting 3 Colors used for links and whether there are text links that
are not underlined.

Graphic formatting 7 Minimum, maximum, and average image width and height;
page area covered by images.

Page formatting 27 Color use, fonts, page size, use of interactive elements, page
style control, and so on. Key measures include evaluating
the quality of color combinations (for text and panels) and
predicting the functional type of a page.®

Page performance 37 Page download speed; page accessibility for people who have
impairments; presence of HTML errors; and “scent”
strength.?

Site architecture 16 Consistency of page elements, element formatting, page

formatting and performance, and site size (number of
pages or documents).¢

%The decision tree for predicting page type—home, link, content, form, or other—exhibited 75 percent accuracy
on average for 1,770 pages.

bThe linear regression model for predicting download speed exhibited 86 percent accuracy on average. We use
output from Bobby 3.2 [WatchFire 2002] for our accessibility measures. We report the total number of HTML
errors determined by Weblint 1.02 [Bowers 1996]. To assess scent quality, we report word overlap between: the
source page’s text and the destination page’s text, the source link’s text and the destination page’s text, and the
source and destination pages’ titles.

¢Consistency measures are based on coefficients of variation (standard deviation normalized by the mean) across
measures for pages within the site. The site size measure only reflects the portion traversed by our crawler. We
compute these measures only if there is page-level data for at least five of the site’s pages.

across the site, use of framesets, and others [Ivory 2001]. We then developed 157
quantitative measures to assess 56 of the 62 features (90%); not all features
could be assessed in an automated manner. Table I describes the measures;
the measures adhere to guidance on developing effective performance metrics
[Jain 1991]: all but one of the measures are not ratios of two or more measures
(low variability), no measures convey the same information (non redundancy),
and measures reflect most aspects of web interfaces (completeness). Because
most site-level measures examine variation across pages, we only compute them
when there are page-level measures for at least five of a site’s pages. We de-
termined the five-page criterion during early experiments with the site-level
measures.

We assessed the accuracy of computed measures by comparing manual and
automated computations for a sample of fourteen web pages, which had differ-
ent design characteristics. With three exceptions, all measures were 84 percent
accurate on average. The least accurate measures—number of changes in text
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alignment from flush left (text positioning count) and areas highlighted with
color, rules, lists, and so on (cluster counts)—require image processing to im-
prove accuracy. We have begun to explore the use of image and document pro-
cessing techniques to improve measure accuracy [Harrison and Shin 2003].

3.3 Data Collection

We developed a Crawler Tool and a Metrics Computation Tool to facilitate build-
ing a corpus of interfaces for model building [Ivory 2001]. We run the crawler
on a set of pre-determined URLs to create a local copy of each site; the crawler
downloads a random subset of information-centric pages from each site. All
pages that could be read with a standard HTML browser, including pages gen-
erated dynamically by server-side scripts, were crawled for the data collection.

We run the metrics tool on the downloaded pages to compute the 157 page-
and site-level measures. Recall from Section 3.2.2 that site-level measures are
computed only for sites from which the crawler was able to download at least
five information-centric pages. We normalize data independently within each
of the three classes (good, average, and poor interfaces; described below) to
eliminate outliers and to induce a normal distribution to the data.

In 2000, 2002, and 2003, we used identical quantitative measures and pro-
cesses to produce datasets for model building. Our process included use of the
Webby Awards as a source for rated sites [The International Academy of Arts
and Sciences 2000]. The Webby Awards is a unique resource, as it is the largest
collection of sites that are rated along one set of criteria and organized into over
27 content categories or site genres (e.g., finance, art, education, and news). A
panel of over 100 Internet experts (web designers, writers, artists, etc.) use a
10-point scale to rate sites on overall experience and five specific criteria: con-
tent, structure and navigation, visual design, functionality, and interactivity.
Judging takes place in three stages: review, nominating, and final; only the list
of nominees for the final round are available to the public. Anyone can nominate
any site to the review stage, and at least two reviewers inspect and rate each
site.

Sites submitted for the review stage represented the full spectrum of inter-
face quality (i.e., from poorly to highly rated sites) and captured the hetero-
geneity of web sites and pages. Further, our early usability test of 57 reviewed
sites from the 2000 dataset suggested judges’ ratings to be somewhat simi-
lar to usability assessments [Ivory 2001, Chapter 7]. (Our findings in the re-
maining sections suggest that similarity between judges’ ratings and usability
assessments may no longer be the case, especially when accessibility is consid-
ered.) Hence, we used sites and ratings from review stages to build our datasets
(Table II). Before building our 2003 dataset, we modified the crawler to address
HTML coding issues that previously caused it to malfunction. Table II shows
that the repairs increased the median number of pages that the crawler was
able to retrieve from sites.

Given that review stage sites range in ratings from very low to very high
(i.e., 1 to 10), we used ratings for the overall experience criterion to group sites
into three classes: good (top 33 percent of ratings), average (middle 34 percent
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Table II. Summary of Datasets Used for Model
Building. Median Pages per Site is Based on the
Number of Pages Analyzed on Each Site

Dataset
Statistic 2000 2002 2003
Total sites analyzed 333 570 668
Total pages analyzed 5,346 4,483 12,599
Median pages per site 5 6 9

Table III. Summary of Datasets Used for Model Building by
Quality Ratings (Classes). Percentages are Based on the
Total Pages and Sites Analyzed (Table II)

Dataset
Rating 2000 2002 2003
Pages by rating
Good 1,906 (36%) 1,409 (31%) 5,067 (40%)
Average 1,835 (34%) 1,644 (37%) 3,927 (31%)
Poor 1,605 (30%) 1,430 (32%) 3,605 (29%)
Sites by rating
Good 121 (36%) 183 (32%) 245 (37%)
Average 118 (35%) 204 (36%) 217 (32%)
Poor 94 (29%) 183 (32%) 206 (31%)

of ratings), and poor (bottom 33 percent of ratings). We also applied a site’s
rating to its associated pages; the assumption is that if a site is rated as good,
average, or poor, then all pages in the site are of that same rating. Our early
study of web site usability and model-building efforts showed the assumption to
be reasonable [Ivory 2001]; however, our findings in in the remaining sections
suggest that this applicability assumption may no longer be valid, especially
for recent datasets.

Table III shows a breakdown of the datasets based on quality ratings.
Datasets contain roughly equal proportions of good, average, and poor inter-
faces, except for the 2003 page sample. One of our main model-building objec-
tives was for assessments to consider the context in which sites and pages are
designed. We consider this context by segmenting the data based on content
category and page type and building separate models for these subsamples.
When a site is submitted to the Webby Awards, the submitter assigns one or
more content categories to it. We use this metadata to build a model for each
content category. Similarly, we use predicted page types (mentioned in Table I
in Section 3.2.2) to build a model for each of the five page types—home page,
link page, form page, content page, or other page. We incorporate accurate pre-
diction models into an online tool (Analysis Tool) to enable designers to compare
aspects of their designs to highly rated ones.

4. DERIVATION OF DESIGN PATTERNS

To understand how designs evolved between 2000 and 2003, we analyzed quan-
titative measures for the three datasets and report on specific changes in
the remaining sections. First, we discuss the salient features of highly rated
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interfaces within each dataset (Section 5). By salient features, we mean quanti-
tative measures (and related design patterns), which played an important role
in distinguishing pages and sites within the good, average, and poor classes.
Second, we discuss salient features of interfaces across the three datasets
(Section 6). For this analysis, we identified quantitative measures (and related
design patterns), which played an important role in distinguishing pages and
sites within each dataset. Finally, we discuss design patterns for the amount
of text on pages, numbers of links and graphics, consistency across pages, and
other aspects (Section 7). In this final analysis, we contrast observed design pat-
terns within the three datasets to recommended practices. By showing trends
in design guideline conformance, we expand upon our early discussions [Ivory
et al. 2000, 2001; Ivory 2001, 2003b; Ivory and Hearst 2002a, 2002b].

In these sections, we use the term good pages as a shorthand for pages that
came from sites that were rated the highest by the Webby judges. Similarly, we
use the terms good sites, poor pages, and so on. We make no claim that good
pages or sites, nor the design patterns that we extracted from them, correspond
to highly usable or accessible interfaces. Furthermore, we make no claim that
the derived thresholds are completely accurate; measures may not be computed
accurately in all instances, which could affect range values. Our intention is to
demonstrate how the patterns changed, aligned, or deviated from recommended
practices.

5. CHARACTERISTICS OF WEB SITE DESIGNS

To characterize page designs for each dataset, we identified measures that
played a significant role in distinguishing pages within the good, average, and
poor classes. We computed a one-way analysis of variance (ANOVA) [Easton
and McColl 1997] based on class to determine each measure’s effect in distin-
guishing pages. We ranked measures in descending order by their F ratios;
hence, measures that had the ten largest F ratios and significance at least at
the p = .05 level represent the top ten predictors. The top ten predictors for
the three datasets comprised 27 different measures; only three measures were
predictors for more than one dataset. This lack of overlap in measures suggests
major design changes during the time period.

We conducted a similar analysis of the top five predictors for distinguish-
ing sites within the good, average, and poor classes. This analysis revealed a
33 percent overlap in predictors; three of the seven identified measures were
key predictors for at least two datasets. In the page- and site-level analyses,
key predictors revealed interesting design patterns. In Section 7, we revisit
these patterns, present thresholds for measures, and compare the thresholds
to design guidance.

5.1 2000 Designs

The top ten predictors revealed major differences in designs for pages within the
good, average, and poor classes. There were no significant differences for site-
level measures. We describe the key characteristics of pages in the good class
below. Figure 2 depicts an example page that we use to organize our discussion.
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Fig. 2. Example page from the archived 2000 dataset (good class). The page depicts typical design
features: large numbers of textual and internal links, graphical and animated ads, interactive

objects, and use of link clustering. The page uses a fixed screen width.

—Links. Good pages tended to use text for hyperlinks, rather than graphics.
Links were organized into clusters (e.g., navigation bars or bulleted lists of
links). Most links pointed to pages that were internal to the site versus ex-
ternal to it. The example page in Figure 2 contains 87 links (84 are internalto
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the site) that are described with 149 words (i.e., most links are textual). Most
links are grouped into four clusters (navigation areas). The page also depicts
the L-shaped navigation pattern that is used on many web sites [van Duyne
et al. 2002].

—Text Formatting. We discovered that the good pages were not likely to con-
tain italicized body text (i.e., text that is not in headings or links). Italicized
text, especially long passages, may be difficult to read on computer screens
[Schriver 1997]. Good pages were also likely to use small font sizes for some
text (mainly for footers) and at least one accent color (i.e., a color that is used
sparingly). The example page contains only two italicized body text words,
uses a 9-pt font size for most of the text (which is not necessarily an effective
design practice), and uses an accent color.

—Advertisements. Good pages tended to contain graphical ads, possibly as a
sign of the site’s success or credibility [Fogg et al. 2001]. We discovered that
pages within the poor class also contained graphical ads; the difference was
that the ads were not for easily recognizable companies (i.e., businesses that
are popular or have off-line presences). In both cases, graphical ads tended
to be animated (which is not necessarily an effective design practice). The
example page contains an ad from Best Buy (a recognizable company) at the
top of the page. Ads that are at the top and middle of the page (top screen) are
animated. Three of the four ads that are at the bottom of the page (bottom
screen) are animated. The page has thirteen graphical ads; 38 percent are
animated.

—Interactivity. Interactive objects enable users to send information to the
site as opposed to just receiving it. Good pages tended to have interactive
objects (i.e., text fields, buttons, and other form elements). Typically, inter-
active objects appeared on every page as compared to appearing on certain
types of pages (e.g., form pages). For instance, search functionality or mailing
list sign-up components were embedded into header areas or navigation bars
on every page. The example page contains twelve interactive objects: search
functionality and a drop-down list which appear in the left column of every
page and a form which users can use to respond to a poll (near the right of
the page in the bottom screen).

—HTML Coding. Good pages tended to have a large number of HTML coding
errors reported by Weblint (which is not necessarily an effective design prac-
tice). The example page contains 95 HTML coding errors. Reported errors
include: improper order of tags (e.g., <p> tag in <head> element), use of
unknown attributes, improper use of meta-characters (e.g., use of > versus
&gt;), and absence of closing tags. Most errors were repetitive, but the way
in which Weblint reported them (i.e., each instance reported as a separate
error) leads to inflated error counts. The Bobby tool uses a different reporting
approach; it reports unique errors along with the number of times they occur
(i.e., each instance). In our studies of automated web site evaluation tools
[Ivory and Chevalier 2002; Ivory et al. 2003], we discussed the implications
of such error reporting for designers.
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5.2 2002 Designs

All the patterns that we described in the preceding section were also present
within 2002 interfaces; however, the 2000 patterns were less salient. For in-
stance, pages within the average class had textual links, link clusters, animated
graphical ads, and other features to the same degree as pages within the good
class. Only two patterns remained salient—use of italicized body text and in-
teractive objects. The other predictors revealed major differences in the designs
of pages and sites. We describe the key characteristics of good pages and sites
below. Figure 3 depicts pages from an example site that we use to organize our
discussion.

—Text Formatting. Similarly to the 2000 pages, good pages did not contain
italicized body text. They used serif fonts to format text to a lesser degree
than 2000 pages and 2002 poor pages. Studies suggest that on computer
screens, sans serif fonts may be more legible than serif fonts [Bernard and
Mills 2000; Nielsen 2000; Schriver 1997]. Pages in Figure 3 use the Arial font
(sans serif).

—Graphics. Pages contained redundant or repeated graphics, for instance as
list bullets or spacers to control page layouts. Pages also had small minimum
graphic heights and widths (e.g., one pixel), which is indicative of spacers. For
example, the top page in Figure 3 contains 56 redundant graphics, mainly
to control the page’s layout; the minimum graphic width and height is one
pixel.

—Color. We measured the use of color within a page’s HTML and stylesheets;
however, we did not measure the use of color within images, applets, scripts,
and other elements. Within the scope of what we measured, we found that
good pages used several colors, for instance to cluster text and links so that
they stand out. Pages in Figure 3 depict the use of multiple color clusters;
furthermore, different color schemes are used across pages.

The Analysis Tool uses findings from Murch’s study of color on com-
puter screens to assess the quality of color combinations; Murch’s study re-
vealed high-contrast, low-contrast, and somewhat neutral color combinations
[Murch 1985]. The tool evaluates color combinations used for text (i.e., the
foreground and background colors used for text or thin lines) and panels (i.e.,
the foreground and background colors used for regions like navigation bars
or thick lines).

Good pages used high-contrast text color combinations but low-contrast
panel color combinations (which is not necessarily a good design pattern). The
example page at the top of the figure uses six high-contrast text color com-
binations (black text on light-green, white, medium-beige, medium-green,
and light-beige backgrounds); the remaining text color combinations (e.g.,
medium-green text on light-green background) are reported as being neutral
(i.e., neither effective nor ineffective). The page also uses four panel color
combinations that are considered to have low contrast: light-green, medium-
beige, and medium-green regions on white backgrounds and white regions
on a medium-green background.
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Fig. 3. Example pages from the archived 2002 dataset (good class). Pages depict typical design
features: use of sans serif fonts, use of color to highlight links and text, and variation in page
formatting. White, rectangular areas are placeholders for graphical ads; the crawler was not able
to download the ads due to browser scripts. Pages use fixed screen widths.

—Interactivity. Similarly to the 2000 pages, 2002 pages contained interactive
objects. The example page at the top of the figure has search functionality
and a drop-down list for navigation; however, interactive elements did not
appear on every page.
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—HTML Coding. Good pages tended to have Priority 1 coding errors reported
by Bobby (which is not necessarily an effective design practice). The example
page contains two Bobby Priority 1 errors—alternative text not provided for
two images and missing titles for frames (inline frames for ads).

—Formatting Consistency. Sites in the good class had some variation in the
formatting of links and page layouts. Pages in Figure 3 demonstrate this
variation. For instance, pages have similar layouts, but variation in color
use, text columns, and text formatting. There is also some variation in link
formatting, mainly for links that are in the middle of pages. Typically, pages
did not have major structural changes like using completely different page
layouts.

5.3 2003 Designs

Patterns from the 2000 and 2002 interfaces were also present within 2003 de-
signs, but they were less salient. Only the use of interactive objects was salient
across all three datasets. Four of the 2002 patterns were salient in 2003—use
of color, graphics, repeated graphics, and formatting variation. The other pre-
dictors revealed differences in the designs of pages and sites. We describe the
key characteristics of good pages and sites below. Figure 4 depicts pages from
an example site, which we refer to in our discussion.

—Text Formatting. Good pages were likely to use multiple columns for text
(i.e., vertical positions where text is placed). Unlike page designs for prior
years, some positioning was not in alignment with delineated text columns
(which is not necessarily an effective design practice). For instance, the top
screen in Figure 4 contains a textual navigation bar at the top of the page
and indented links on the left of the page; a total of five text columns are
used.

—Color. Good pages tended to use numerous colors for navigation bars, body
text, and links. Similarly to 2002 designs, they used high-contrast text color
combinations. They also used high-contrast panel color combinations, unlike
the 2002 designs.

—Graphics. Similarly to 2002 designs, good pages tended to use a large num-
ber of graphics; many of them were redundant graphics (e.g., spacers). For
instance, the example page at the top of the figure has 34 graphics and 14
are repeated spacer images. The remaining graphics are used for navigation,
advertisement, and other ornamentation.

—Interactivity. Similarly to the 2000 and 2002 pages, 2003 pages contained
interactive objects. The example page at the top of the figure has search func-
tionality (top of page) and a form, which is not depicted. Search functionality
appears in the top navigation bar on every page within the site.

—HTML Coding. Good pages had browser-compatibility errors reported by
Bobby (which is not necessarily an effective design practice). The example
page contains 17 errors; most errors referred to compatibility with the Lynx
2.7 Browser (e.g., unknown or missing attributes in HTML tags).
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Fig. 4. Example pages from the archived 2003 dataset (good class). Pages depict typical design
features: text starting at various vertical positions, use of color and graphics, use of good text and
panel color combinations, and variation in page formatting. Most pages do not use fixed screen
widths.

—Formatting Consistency. Similarly to 2002 sites, 2003 sites had some vari-
ation in page layouts. Pages in Figure 4 demonstrate this variation. Un-
like the 2002 designs, 2003 sites had structural changes in page layouts.
Forinstance, the left navigation bar does not appear on all pages, page widths
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change, and the right column is not used on all pages within the example site.
Such structural changes, inconsistent navigation in particular, can impede
usability and accessibility [Flanders and Willis 1998; Fleming 1998].

6. SIGNIFICANT DESIGN CHANGES

The discussion in the preceding section illustrated design differences among
interfaces in the good, average, and poor classes for each dataset. A visual
comparison of the design examples (Figures 2—4) does not reveal subtle and
code-level changes. To identify significant changes across years, we computed
a one-way ANOVA based on model year (2000, 2002, or 2003). We then ranked
the F ratios and report the main significant differences. We report trends that
are independent of interface quality (i.e., good, average, or poor interfaces);
however, we indicate differences for good interfaces.

6.1 Text Formatting

The smallest font size that was used for text increased slightly from 9pt (2000)
to 10pt (2003). Larger font sizes improve legibility, especially for users who have
vision impairments [Bernard et al. 2001; Flanders and Willis 1998; Schriver
1997]. In addition, there was a shift from using serif font faces to sans serif ones
(mainly Arial). Studies suggest that sans serif fonts, in particular for small font
sizes, may be more legible than serif fonts [Bernard and Mills 2000; Nielsen
2000; Schriver 1997].

6.2 Link Formatting

There was a shift from having textual links appear with lines underneath them
to having then appear without lines underneath them. This practice may cause
users to consider the links to be text as opposed to hyperlinks [Sawyer and
Schroeder 2000]. Consequently, usability may impeded.

6.3 Graphics

The use of graphics doubled from 2000 (average of 25) to 2003 (average of 50);
there was a slightly larger increase for good pages (from 26 to 62 graphics
a page on average). Our measure does not distinguish between visible and
invisible graphics (i.e., spacers), but over half of the graphics are redundant,
which suggests that some graphics are used for lists or spacers. The number
of distinct image files also increased from an average of 15 to 21. This increase
reflects a shift from textual links to graphical links within navigation bars and
the use of organization and ornamental graphics (bullets, form buttons, icons,
etc.) [Scanlon and Schroeder 2000b]. For instance, the 2003 design examples in
Figures 4 and 5 (bottom page) use textual and graphical links and other graphic
elements.

6.4 Tables

There were several changes in page layouts, most of which are not visually
apparent. The number of tables on pages doubled from 7 in 2000 to 14 in 2003,
with most tables being used to control page layouts. Increased table use could
impede accessibility and degrade performance [W3C 1999]. Figure 5 compares
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Fig. 5. Tables used on example pages from the archived 2003 dataset (good class). Dotted lines
show table boundaries (rows, columns, and entire tables). The top page uses one table, while the
bottom page (portions not depicted) uses 264 tables (the largest number of tables for pages within
the good class). We captured pages from within Macromedia Dreamweaver.
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Fig. 6. Use of external (Ext SS) and internal (Int SS) stylesheets on web pages. Percentages are
based on the total number of pages within each dataset (Table II).

two page layouts from the 2003 dataset. The bottom page uses 264 tables to
control the layout, because each article in the middle column is formatted with
a separate table. As demonstrated by the top page, the bottom page could have
used one table to control the page layout, without sacrificing design aesthetics.
For instance, the designer could have used bulleted lists with the same bullet
graphic to organize the articles. Neither page provides summaries for each
table, which is a practice that impedes accessibility.

6.5 Stylesheets

External cascading stylesheets (i.e., stylesheets that are stored in separate
files and linked to from within the HTML page) improve page layout consis-
tency [Nielsen 2000]. Nonetheless, they were not prevalent until the 2003 de-
signs (Figure 6). There was a corresponding decrease in the degree to which
pages could be rendered with just the base HTML file and linked image files
versus external stylesheets, browser scripts, and other objects (referred to as
self-containment). There was also a corresponding increase in the number of
HTML and CSS bytes (nearly doubled from 14KB to 26KB). These changes
can potentially degrade site performance, especially for graphics-heavy pages
that are transferred over narrowband connections [Harwood and Rainie 2004;
Madden and Rainie 2003].

6.6 Scripts

Browser scripts (i.e., code that is embedded or linked to from within HTML
pages) became prevalent in 2003; scripts include JavaScript and applets, but
not cascading stylesheets. We quantify the use of browser scripts by counting
each script tag and the use of external script files; we also count the the total
number of objects (scripts, applets, audio, video, etc.). The 2000 pages had no
script files on average, but the 2002 and 2003 pages had one and two script
files, respectively. There was a corresponding increase in the number of scripts,
applets, and other objects embedded within pages (from 2 to 5 objects in 2000
and 2003, respectively); there was a slightly larger increase for good pages (from
2 to 7 objects on average).

Our Analysis Tool does not measure whether noscript alternatives are pro-
vided. We inspected ten randomly selected pages that contained scripts; the
sample included pages from the 2003 dataset (poor, average, and good classes).
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Our inspection revealed that none of the pages provided noscript alternatives.
In some cases, users would not be able to navigate sites if script processing was
disabled within their browsers.

Figure 7 depicts an example page that uses scripts extensively (29 scripts).
Most scripts are embedded within the page’s HTML code, but 16 unique script
files are also used; the page has the highest number of script files and objects
for the 2003 dataset. Most of the top and left navigation is lost when scripts are
disabled. For instance, each item in the row of elements at the top of the page
has a dynamic menu that appears when the user positions the mouse over it.
As another example, the form, which enables users to sign up for a newsletter
(to the right of the search functionality), is rendered with scripts. Many page
elements are not downloaded by the crawler or analyzed, because our tools do
not process scripts.

6.7 HTML Coding

As discussed in the preceding sections, there was a steady increase in the num-
ber of errors that are reported by Bobby (browser compatibility) and Weblint
(coding). We used outdated software versions (Bobby 3.2 and Weblint 1.02) for
consistency with the 2000 dataset. More recent tool versions will most likely
yield additional errors due to new guidelines. Pages that do not comply with
HTML coding guidelines may cause usability and accessibility problems.

6.8 Scent Quality

We measure the overlap between the text that is on source pages (i.e., the page
that contains a hyperlink) and on destination pages (i.e., the page to which a
hyperlink points). This overlap is often referred to as “scent” [Chi et al. 2000;
Furnas 1997]. The amount of text overlap between source and destination pages
increased from an average of 29 words in 2000 to 43 words in 2003; stop words
were not considered. Increased scent between pages may improve usability.

6.9 Site Consistency

As depicted in Figures 3 and 4, page layouts became less consistent. In 2002,
designs typically had changes in color schemes. In 2003, page structure was
changed slightly. The literature discusses the consistency of page layouts across
the site. Some sources advocate consistency [Flanders and Willis 1998; Fleming
1998; Mahajan and Shneiderman 1997], while others advocate some variation
[Nielsen 2000; Sano 1996; Sawyer et al. 2000]. From a usability perspective, the
types of changes that we observed within 2003 designs, changes in navigation
in particular (see middle left page in Figure 4), could be problematic.

7. DESIGN REALITY VS. RECOMMENDATIONS

The discussion in the preceding sections provided descriptions of web site de-
signs during the time period that we studied. We expand on the preceding
discussion by presenting concrete thresholds (i.e., ranges of observed metric
values) for ten aspects of web interfaces and by contrasting these thresholds to
established guidelines from recognized experts and user studies. As discussed
in Section 2.1, there is a large number of web design guidelines available in
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Fig. 7. Scripts used on an example page from the archived 2003 dataset (good class). The top
screen shot shows the page rendered in the Mozilla Firefox browser with scripting disabled. The
bottom screen shot shows the portion of the page downloaded by the crawler; missing elements
were embedded within scripts, which the crawler did not process. The page uses a fixed screen
width.
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Table IV. Ranges for the Amount and Formatting of Text on Good Pages

Dataset

Measure 2000 2002 2003 Significance

Word Count 74-667 62-627 0-1,270 F(2,8381) =177.58, p = .00
Body Word Count 29-491 29-468 0-1,083 F(2,8381) ="73.04, p = .00
Display Word Count 0-34 0-29 0-80 F(2,8381) = 34.87, p = .00
Link Word Count 6-123 2-105 0-282 F(2,8381) = 69.40, p = .00
Text Cluster Count 0—4 04 0-10 F(2,8381) = 50.60, p = .00
Vertical Scrolls 1-3 1-3 1-8 F(2,8381) =97.66, p = .00

print and on the Web. Oftentimes, these recommendations are vague, contra-
dictory, and not validated empirically. We can use thresholds, which we derive
from highly rated interfaces, to augment design guidance that is provided to
designers.

We used the three datasets to derive thresholds for measures that relate
to ten design aspects, including: the amount of text, numbers of links and
graphics, and consistency. More specifically, we report ranges for each measure
such that the ranges represent two standard deviation units (i.e., mean plus
and minus the standard deviation) around the mean values for interfaces that
are within the good class. Thresholds for individual measures are not intended
to be used in isolation. To illustrate these relationships, for each design aspect,
we report groups of measures that have significant correlations within all
three datasets. In some cases, thresholds support current design guidelines;
in other cases, they counter them.

7.1 Amount of Page Text

The literature contains contradictory heuristics on the ideal amount of page
text. Sources suggest that users prefer all relevant content to appear on one
page [Landesman and Schroeder 20001, and others suggest that content should
be broken up into smaller units and distributed across multiple pages [Flanders
and Willis 1998; Nielsen 2000]. Another recommendation is to use an amount
of text that is relevant to the page’s function (e.g., make home and link pages
shorter) [Koyani et al. 2003b]. Irrespective of the recommendation, there is no
concrete guidance on how much text is enough or too much.

We depict several relevant measures in Table IV; ranges for the three
datasets were all significantly different based on a one-way ANOVA. Ranges in
Table IV appear to support the suggestion to place all text on one page, even
for home pages (see discussion below). Although the measures provide some
guidance on the amount of text, they do not provide insight on whether text is
broken up into multiple pages. Ranges suggest that web pages are becoming in-
creasingly text-heavy (word count); the bulk of the word count was attributable
to body text (i.e., text that is not used in headings or links; body word count).
There was a proportional amount of text for headings and textual links (dis-
play and link word counts). Text formatting also appeared to be proportional to
the amount of text. Table IV shows that text clustering (i.e., areas of text that
are highlighted with color, rules, lists, etc.; text cluster count) increased over
the years. The number of vertical scrolls increased and was proportional to the
amount of text.
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Table V. Ranges for the Amount of Link Text on Good Pages

Dataset
Measure 2000 2002 2003 Significance
Average Link Words 2-3 2-4 1-4 F(2,8381)=17.29, p =.00

Average Good Link Words 1-3 1-3 1-3 F(2,8381) =16.61, p = .00

We contrasted the ranges in Table IV to ranges derived for just the home
pages; we only included pages that were the first pages crawled on sites and
were predicted to be home pages by our page type model (see Section 3.2.2).
Ranges for home pages were very similar to Table IV; the only difference
for the most recent dataset was that home pages used fewer text clusters
(0-17).

Similarly to the use of graphics and other elements, the increase in the
amount of text is most likely attributable to the increase in Internet connection
speeds (e.g., broadband). Despite the availability of higher speed connections,
the majority of users accessed the Web via narrowband connections during the
study period [Harwood and Rainie 2004]. Hence, it is possible that the increased
amount of text, graphics, and so on may have decreased web site usability for
these users.

7.2 Length and Quality of Link Text

Design guidelines are contradictory with respect to the ideal amount of text to
include within textual links. One suggestion is to use 2—4 words [Nielsen 2000].
Another suggestion is to use 7-12 “useful” words (i.e., words that provide hints
about the content on a destination page) [Sawyer and Schroeder 2000]. The
average link words measure (number of words used in textual links / number
of textual links) shows that textual links contained from two to four words
(Table V). Furthermore, the average good link words measure shows that one to
three of these words were not stop words (i.e., common words) or the word ‘click.’
This finding suggests that the link text on good pages may have been useful.

Ranges suggest that the link text that is on good pages is consistent with
Nielsen’s heuristic. There is one caveat to this finding: Our metrics tool does
not distinguish between links that are within the body text or outside of the
body text (e.g., in a navigation bar). There could be differences in the number
of words used for these two types of links.

7.3 Number and Types of Links

There is an ongoing debate about the appropriate number and types of links to
use on web pages. Sources suggest that: (1) the number of links should be mini-
mized, (2) certain types of links (e.g., graphical, repeated, or within-page links)
should be avoided, and (3) multiple links should be provided to the same content
and in different forms (e.g., text, text embedded within a graphic, or graphic)
[Flanders and Willis 1998; Sano 1996; Nielsen 2000; Sawyer and Schroeder
2000; Scanlon and Schroeder 2000b; Spool et al. 1999, 2000]. Table VI pro-
vides ranges for several link element measures: number of links (link count),
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Table VI. Ranges for the Number, Types, and Formatting of Links on Good Pages

Dataset

Measure 2000 2002 2003 Significance

Link Count 12-69 10-57 3-107 F(2,8381) = 167.72, p = .00
Text Link Count 4-50 2-38 0-87 F(2,8381)=11791, p = .00
Link Graphic Count 3-21 2-21 3-30 F(2,8381) =177.19, p = .00
Internal Link Count 10-60 8-50 0-97 F(2,8381) = 146.32, p = .00
Page Link Count 0-5 0-1 0-8 F(2,8381)=30.69, p=.00
Redundant Link Count 0-15 0-12 0-25 F(2,8381)=96.38, p=.00
Link Text Cluster Count 0-3 0-2 0-7 F(2,8381) =136.18, p = .00

numbers of textual (text link count) and graphical (link graphic count) links,
numbers of links that point to pages that are within the same page (page link
count) or site (internal link count), and number of repeated links on a page
(redundant link count).

The table shows that a large number of links were used on pages, especially
within the 2003 dataset. One way to compensate for a large number of links
is to organize them into clusters (i.e., regions on web pages in which links are
grouped together with colors, lists, or borders). The table shows that the use of
link text clusters was proportional to the number of links.

The table shows that redundant or repeated links are used on good pages
and graphical links are not avoided as suggested in the literature. It is possible
that the graphical links have text within them, but the text is not currently
detected by our metrics tool. Given the ranges for redundant links along with
the ranges for textual and graphical links, it seems that some links were re-
peated in both text and graphic formats. The measures do not currently reveal
how often redundant links correspond to links that are also graphical or textual
links.

Table VI shows that good pages contained few within-page links, as suggested
by the literature. Most links pointed to pages that were within the site, as
opposed to pages that were external to the site. This trend seems somewhat
inconsistent with page ranking algorithms that are used by search engines
like Google [Brin and Page 1998]. These algorithms rely on cross-linking to
determine a page’s popularity and use these rankings to order search results.

7.4 Number and Types of Graphics

Images are a key element of a page’s graphic design, and the literature ex-
tensively discusses their use [Ambuhler and Lindenmeyer 1999; Flanders and
Willis 1998; Sano 1996; Schriver 1997; Spool et al. 1999; Stein 1997]. The con-
sensus seems to be that the number of images should be minimized to improve
download speed. Even with the shift to broadband connections [Madden and
Rainie 2003], the majority of users still use narrowband connections, especially
at home [Harwood and Rainie 2004]. Sources also suggest that certain types
of images should be avoided [Flanders and Willis 1998; Nielsen 2000; Scanlon
and Schroeder 2000b]: (1) images that contain text (content graphics), (2) im-
ages that are used for navigation (navigation graphics), and (3) images that are
animated.
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Table VII. Ranges for the Number, Types, and Formatting of Graphics on Good Pages

Dataset

Measure 2000 2002 2003 Significance

Graphic Count 5-45 7-64 6-115 F(2,8381) = 487.40, p = .00
Link Graphic Count 3-21 2-21 3-30 F(2,8381)=177.19, p = .00
Graphic Link Count 1-17 2-19 2-25 F(2,8381) = 150.38, p = .00
Animated Graphic Count 0-2 0-1 0-2 F(2,8381)=37.39, p=.00
Redundant Graphic Count 0-22 0-35 0-84 F(2,8381) = 453.40, p = .00
Average Graphic Height 11-59px 11-57px 0-63px F(2,8381) = 305.00, p = .00
Average Graphic Width 45-184px 49-178px 24-186px F(2,8381)=13.96, p =.00

Table VIII. Ranges for the Number and Type of Graphical Ads on Good Pages

Dataset
Measure 2000 2002 2003 Significance
Graphic Ad Count 0-3 0-2 0-5 F(2,8381)=111.95, p = .00

Animated Graphic Ad Count  0-1 0-1 0-1 F(2,8381)=98.32, p=.00

Table VII suggests that the use of graphics was not minimized on pages.
There was a sharp increase in the number of graphics used on the 2003 pages;
however, there was a corresponding increase in the number of repeated or re-
dundant graphics on pages. One limitation of our graphic count measure is that
it does not distinguish between visible and invisible (i.e., spacer) graphics. The
redundant graphic count suggests the use of invisible graphics and possibly
the use of organizer graphics like rules, bullets, and so on. There were negative
correlations between graphic size (average width and height) and graphic and
redundant graphic counts; correlations also suggest the use of spacer and orga-
nizer graphics, due to their smaller sizes. Based on the average graphic width
and height, it seems that graphics tended to be rectangular, with longer widths
than heights.

As discussed in the preceding section and shown in Table VII, navigation
graphics were not avoided. The graphic link (number of graphics that are also
links) and link graphic (number of links that are also part of graphics) counts
are similar with respect to quantifying the use of navigation graphics. Link
graphic count will be higher than graphic link count when image maps are
used on pages, because every clickable area of an image map is counted as a
separate link graphic. Range differences for these two measures suggest that
pages used image maps; this pattern is contrary to design guidance. The table
shows that animated graphics were minimized, as suggested by the literature.

7.5 Use of Nonanimated and Animated Graphical Ads

Sources suggest that graphical ads (animated or not) should be minimized or
avoided [Flanders and Willis 1998; Klee and Schroeder 2000; Nielsen 2000].
On the contrary, there is at least one source that suggests that ads increase
credibility [Kim and Fogg 1999]. Table VIII shows that good pages were likely
to contain no more than five graphical ads. Use of graphical ads more than
doubled on pages within the 2003 dataset, which suggests that design practices
are deviating from recommendations. This deviation is interesting given the
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Table IX. Ranges for the Number, Type, and Size of Fonts on Good Pages

Dataset

Measure 2000 2002 2003 Significance

Font Style Sans Serif Sans Serif Sans Serif F(2,8381) =46.66, p = .00
Font Count 4-8 2-7 3-9 F(2,8381) =100.75, p = .00
Serif Font Count 0-1 0-1 0-1 F(2,8381)=93.73, p=.00
Sans Serif Font Count 0-1 0-1 1-2 F(2,8381) =596.29, p = .00
Minimum Font Size 8-8pt 9-11pt 9-11pt F(2,8381) =406.42, p = .00
Average Font Size 10-12pt 10-12pt 10-13pt F(2,8381)=179.49, p=.00

ongoing debate as to whether or not users ignore graphical ads (e.g., banner
ads) [Curry 2002; Dahlen 2001; Donatelli 2003; The Poynter Institute 2004].

Good pages in all datasets tended to have zero or one animated graphical ad,
which suggests that animation was used sparingly. There was a large positive
(and significant) correlation between animated graphics (discussed in the pre-
ceding section) and animated graphical ads, as well as between graphical ads
and animated graphical ads. These findings suggest that: (1) when animated
graphics were used on pages, they tended to be graphical ads; and (2) when
graphical ads were used on pages, they tended to be animated.

7.6 Use of Font Styles and Sizes

A font is a combination of four features: a font face (typeface), a font size,
whether text is bolded, and whether text is italicized [Schriver 1997]. The liter-
ature suggests the use of serif typefaces, sans serif typefaces, or a combination
of both (e.g., serif typeface for larger text) [Bernard and Mills 2000; Bernard
et al. 2001; Nielsen 2000; Schriver 1997]. Guidance varies with respect to min-
imum font sizes to use: Recommendations range from 9pt to 14pt, with larger
sizes suggested for older adults. Finally, sources recommend the use of only a
few font sizes from one or two typeface families.

Our analysis revealed that sans serif is the predominant font style used on
good pages (Table IX); studies suggest that these typefaces are more legible
online than serif typefaces. Although the pages used variations in fonts (e.g.,
using bold text or different font sizes; font count), they did not use a large
number of font faces. Pages used no more than one serif font face (serif font
count) and no more then two sans serif font faces (sans serif font count). Our
measures do not assess whether larger font sizes are used for serif typefaces and
vice versa for sans serif typefaces; however, correlations between the numbers
of font faces and font sizes suggest that design practices were consistent with
the recommendations. There was a slight increase in the minimum and average
font size in the most recent datasets; these increases are consistent with design
guidance. One caveat about the ranges is that they do not reflect font faces and
styles that are used within graphics.

7.7 Use of Unique Colors and Color Combinations

The literature recommends using a small number of colors, browser-safe col-
ors, default link colors, color combinations with adequate contrast, and so on
[Flanders and Willis 1998; Kaiser 1998; Murch 1985; Nielsen 2000; Spool et al.
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Table X. Ranges for the Number and Types of Colors on Good Pages

Dataset

Measure 2000 2002 2003 Significance

Body Color Count 1-3 1-3 14 F(2,8381) = 122.86, p = .00
Display Color Count 1-2 0-2 0-3 F(2,8381)=97.92, p=.00
Link Color Count 2-4 2-5 2-5 F(2,8381)=110.88, p = .00
Standard Link Color Count 0-2 0-3 0-3 F(2,8381) =22.45, p=.00
Color Count 5-11 5-11 5-14 F(2,8381) = 181.60, p = .00
Browser-Safe Color Count 4-7 3-7 4-8 F(2,8381) =58.15, p=.00
Good Text Color Combination 1-6 1-6 1-7 F(2,8381) = 122.85, p = .00
Good Panel Color Combinations 0-1 0-1 0-3 F(2,8381) =354.91, p = .00

1999]. We developed over twelve measures to assess color use within the HTML
code and stylesheets. One limitation of the measures is that colors that are used
within images, browser scripts, and other objects are not considered by our tools.
Nonetheless, the current measures provide some valid insight on color use. We
discuss a subset of the measures in this section (Table X).

Our analysis revealed that good pages tended to use from one to four colors
for body text and up to three colors for headings; the number of heading colors
was proportional to the amount of text or formatting on pages. Although it
is not clear whether different colors were used for body and heading text on
these pages, unique color counts (color count) suggest that this may be the
case. The 2003 dataset reflects a small increase in the number of colors used
overall; this trend is not consistent with guidance in the literature. We found
that good pages tended to use high-contrast text color combinations. Good pages
used high-contrast panel color combinations to a lesser degree than text color
combinations.

Good pages used two to five colors for links (link color count); default browser
colors (i.e., red, blue, and purple; standard link color count) were not always
used. Ranges for link colors suggest that good pages did not closely follow the
guidance in the literature. Ranges for the total number of unique colors show
that good pages did not adhere to the guidance of using no more than six discrim-
inable colors [Murch 1985]. Furthermore, they did not strictly use browser-safe
colors (browser-safe color count), as recommended by the literature.

7.8 Use of Non-HTML Technology

The literature discourages the use of applets, controls, scripts, video, sound,
plug-ins, and so on. [Ambuhler and Lindenmeyer 1999; Flanders and Willis
1998; Nielsen 2000; Rosenfeld and Morville 1998; Spool et al. 1999; Stein 1997].
Table XI shows ranges for several measures related to the use of browser scripts
(i.e., JavaScript or applet code that is embedded or linked to from within HTML
pages) and other objects. The object count includes all script, video, and re-
lated tags that appear within a web page; however, the object bytes and object
file count measures exclude scripts. Contrary to recommendations, there was
a steady increase in the use of non-HTML technology, especially the use of
browser scripts. In severe cases, pages did not render properly or navigation
elements were lost when scripting was disabled within browsers (Figure 7).
These practices can impede usability and accessibility.

ACM Transactions on Information Systems, Vol. 23, No. 4, October 2005.



490 . M. Ivory and R. Megraw

Table XI. Ranges for Scripts and other Objects on Good Pages

Dataset
Measure 2000 2002 2003 Significance
Object Count 0-4 0-6 0-13 F(2,8381) =592.72, p = .00
Object Bytes 0-6B 0-143KB 0-138KB  F(2,8381) = 32.61, p=.00
Object File Count 0-0 0-2 0-1 F(2,8381)=11.02, p=.00
Script Bytes 0-3KB 0-7KB 0-31KB F(2,8381) = 656.95, p = .00
Script File Count 0-2 0-1 0-4 F(2,8381) =438.31, p = .00

Table XII. Ranges for HTML Coding Errors on Good Pages

Dataset

Measure 2000 2002 2003 Significance

Bobby Approved No No No F(2,8381)=53.71, p=.00
Bobby Priority 1 Errors 0-2 0-2 1-2 F(2,8381) =52.07, p=.00
Bobby Priority 2 Errors 3-5 2-5 3-5 F(2,8381)=175.26, p=.00
Bobby Priority 3 Errors 2-2 2-2 2-2 F(2,8381) =44.01, p=.00
Bobby Browser Errors 6-21 9-25 11-32 F(2,8381) =473.27, p = .00
Weblint Errors 0-70 0-70 0-184 F(2,8381) =232.53, p =.00

7.9 Validity of HTML Coding

Our analysis revealed that Bobby and Weblint errors were more prevalent on
good pages than on average and poor pages, despite the guidance that web
designers adhere to accessibility principles [Clark and Dardailler 1999; Cooper
1999; Nielsen 2000; W3C 1999] and avoid making HTML errors [Bowers 1996;
Kim and Fogg 1999; Fogg et al. 2000]. Table XII shows that good pages were
typically not Bobby approved.

Similarly to the accessibility studies that we discussed in Section 2.2, we
analyzed the Bobby approval percentages for pages. We conducted a univariate
ANOVA to examine the effect of the dataset’s year and the interface’s class
(good, average, or poor) on Bobby approval. We found that both the dataset’s
year and interface’s class had an effect; there was also an interaction effect.
Overall, approval rates were lowest for the 2003 dataset, possibly due to the
larger number of pages; approval rates for the good, average, and poor classes
were 12, 16, and 17 percent, respectively. Approval rates were highest for the
2002 dataset, with rates for the good, average, and poor classes being 21, 16,
and 24 percent, respectively. These approval rates are in stark contrast to prior
studies, possibly due to the much smaller sample sizes and specific genres that
these studies used.

Table XII shows that pages contained several accessibility errors (Priority
1, 2, and 3) and a large number of browser-compatibility and Weblint errors.
Both the accessibility and Weblint errors were proportional to the amount of
formatting on pages. More specifically, the errors correlated with the use of
tables, interactive elements (i.e., form elements), and browser scripts. Common
coding problems included: improper labeling of form elements, missing table
summaries, missing row and column headings in data tables, and missing no-
script tags for browser scripts. Even though HTML coding guidance has been
available for quite some time, HTML coding issues steadily increased during
the time period.
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Table XIII. Ranges for Consistency Measures on Good Sites. All Measures are

Percentages
Dataset
Measure 2000 2002 2003 Significance
Page Formatting Variation 0-21 5-55 7-63 F(2,546) = 45.62, p = .00
Page Title Variation 17-180 19-139 9-218 F(2,546) =8.20, p =.00

7.10 Consistency Across Pages

Some sources advocate consistent use of design elements across web pages
[Flanders and Willis 1998; Fleming 1998; Mahajan and Shneiderman 1997],
while others claim that such elements become invisible [Sano 1996; Sawyer
et al. 2000]. The literature also suggests that page titles (i.e., title tag) should
be varied [Nielsen 2000]; in other words, each page should have a different title.
We derived twelve measures to reflect the percentage of variation for groups of
related page-level measures [Ivory 2001]; a large variation percentage reflects
less consistency and vice versa. In this section, we discuss two measures that
experienced the most change during the time period.

Our analysis showed an increase in changes to page layouts (page formatting
variation) during the time period (Table XIII). It appears that the trend is to
introduce more variation into page layouts (e.g., Figure 4), as opposed to keeping
them consistent. This trend is somewhat disturbing, because some studies show
that performance improves with consistent interfaces.

Page title variation suggests that titles vary considerably on good sites. This
trend is consistent with design guidance. This practice can help users to keep
track of their current location within a site’s information architecture.

8. LIMITATIONS AND FUTURE RESEARCH

We summarize limitations and future work with respect to the datasets, Web-
Tango methodology, and design patterns in this section.

8.1 Datasets

To our knowledge, the Webby resource is the largest sample of sites that are
evaluated on consistent interface criteria. Hence, all three of our datasets were
derived from sites submitted for evaluation during the Webby Awards’ review
stage. Based on judges’ ratings of these sites, we segmented pages and sites
into good, average, and poor classes. We assumed that a site’s rating applied to
all pages within it.

Our findings with respect to design patterns (Sections 5-7) suggest that the
Webby resource may not be an ideal rating source and that our assumption
about site rating applicability may not be valid. For instance, we showed in-
stances of good pages in which important page elements and navigation were
lost when scripts were disabled. We also showed how the structure of pages
varied across pages within the same site. To develop models of effective design
practices, we need designs that exhibit those practices. Consequently, more
rigor needs to go into the review of Webby sites. In particular, more attention
needs to be paid to accessibility issues.
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We suggest that the Webby committee, or any other organization that rates
sites, adopt a rigorous evaluation procedure. The Webby committee follows a
systematic process with respect to how sites advance through judging stages;
however, the judges are given very little guidance on how to conduct evaluations.
Essentially, they are given descriptions of heuristics, but no guidance on how
to apply them.

We developed one such heuristic evaluation approach to guide the assess-
ment of web sites designed for courses [Ivory 2004]. This approach consists of
12 high-level criteria and 46 sub-criteria. Each criterion has a protocol asso-
ciated with it to guide evaluators in assessing the site’s conformance to the
criterion and in assigning a rating for the criterion. This methodology could be
adapted to facilitate the evaluation of generic web sites.

8.2 WebTango Methodology

Even though we demonstrated that it is possible to find correlations between
values for measures and expert ratings, we make no claim about the profiles rep-
resenting causal links. It is possible that the highly rated sites are highly rated
for reasons other than what is assessed with the measures, such as the quality
of the content on the site. The current models and tools cannot improve on poor
content. However, our empirical studies provided preliminary evidence that
they can provide insight on how to take good content that is poorly presented
and improve its presentation, thus improving users’ experiences in accessing
that content [Ivory 2001; Ivory and Hearst 2002a, 2002b]. And, because it is
possible to empirically find commonalities among the presentation elements
of the highly rated sites, this provides strong evidence that the presentational
aspects of highly rated sites that differ from those of poorly rated sites are in
fact important for good design.

Another major limitation of our approach is that the quantitative mea-
sures do not capture users’ subjective preferences. For example, one study has
shown that perceived download speed is more important than actual download
speed [Scanlon and Schroeder 2000a]. Although we can measure actual down-
load speed, it may not be possible to assess perceived speed. Nonetheless, the
methodology can be viewed as a reverse engineering of design decisions that
were presumably informed by user input.

When the project first began, the Web was very different from what it is
currently. Browser scripting, animation, and multimedia content were far less
prevalent on the Web and rarely integral to the core features and content of
sites. Today, these elements are no longer novelties. They are essential to many
sites, and, consequently, they should be considered during assessments of us-
ability and accessibility. Model-building results suggest that we need to improve
current measures and our approach to building models. We also need to develop
new measures and techniques (e.g., image processing algorithms) to address the
current state of the Web. We have begun to explore the use of image and docu-
ment processing techniques to improve measure accuracy [Harrison and Shin
2003].
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8.3 Design Patterns

The thresholds, which we presented in Section 7, complement the models that
we discussed briefly. For instance, our Analysis Tool augments model predic-
tions with the derived ranges to show designers how their designs are similar
to or different from good interfaces. In this article, we only presented a sub-
set of the thresholds for good interfaces, irrespective of content categories and
page types. We have derived a complete set of thresholds for good interfaces
in general and similar context-specific thresholds; all thresholds are embed-
ded within the Analysis Tool. The thresholds and patterns are meant to be
descriptive, rather than prescriptive. Ideally, through iterative cycles of design,
evaluation, and interpretation, the designer can become more knowledgeable
about design patterns that may not be apparent.

Similarly to other automated evaluation approaches, the models cannot eval-
uate design patterns for which there are no heuristics. Currently, we do not dis-
play ranges for all measures. We will explore doing so in the future, as a way to
mitigate model limitations. We also plan to investigate ways in which to distin-
guish design patterns that designers should apply versusignore (e.g., ineffective
coding of tables), even if the patterns are prevalent on highly rated interfaces.

9. CONCLUSIONS

We demonstrated through three separate analyses that web site design is a
moving target. We described aspects of web site design during three time peri-
ods (2000, 2002, and 2003). We then discussed significant design changes for the
time periods. We found that web site designs became increasingly graphical in
nature, reliant on browser scripts, and less consistent. We discussed how these
practices and others mesh with established design guidance. In many cases,
such as the numbers and types of links, graphical ads, color usage, and accessi-
bility, design practices contradict heuristics from the literature. Nonetheless, in
other cases, such as the length of link text, font styles, and page titles, design
practices support heuristics from the literature. The most glaring deficiency
of web sites, even for highly rated interfaces, is their inadequate accessibility.
Current practices with respect to tables, forms, and browser scripts could im-
pede accessibility and usability. Some of these design practices need to undergo
initial or further empirical studies.
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