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feature
Hypermedia Systems
Development Practices: 
A Survey

T
here’s been a flurry of interest lately in the design of Web-based sys-
tems, much based on the premise that, by definition, they’re funda-
mentally different from so-called traditional systems.1–3 However,
in simple terms, the Web is just another distributed client-server ar-

chitecture. Many traditional applications such as Lotus Notes databases have
become Web-enabled in recent years. As such, they can often simply be plugged
in and migrated with little if any redesign other than some code tweaking. 

Web-based development

Michael Lang, National University of Ireland, Galway

Brian Fitzgerald, University of Limerick

Accordingly, merely calling a system “Web-
based” doesn’t necessarily imply that its soft-
ware design differs much from that of a tradi-
tional system.

Only when Web-based systems assume hy-
permedia functionality do they become substan-
tively different from a design perspective. Hy-
permedia technologies support much richer user
interfaces, more complex navigation mecha-
nisms, and more varied forms of information
than traditional computer systems (see the re-
lated sidebar). In recent years, hypermedia sys-
tems (particularly Web-based ones) have grown
in complexity and scope as they’ve begun to in-
volve critical organizational activities such as
customer support, sales and marketing, and tech-
nical support. So, issues similar to those encoun-
tered in traditional development have emerged,
such as how to manage requirements, control
development processes, coordinate collabora-
tive design, and effectively manage projects.

Due to hypermedia developers’ apparent
lack of discipline and the technologies’ osten-
sible newness and dynamism, some authors
have expressed concern about the delivered
systems’ quality. Thus another episode of the
hackneyed “software crisis” debate has com-
menced, as critics draw analogies between hy-
permedia systems development now and the
general state of practice back in the 1960s:4,5

Hypermedia development is currently at the
stage software development was at thirty years
ago. Most hypermedia applications are devel-
oped using an ad hoc approach. There is little
understanding of development methodologies,
measurement, and evaluation techniques, de-
velopment processes, application quality, and
project management … We are potentially
about to suffer a hypermedia crisis.6

Although the causal link between systematic
development approaches and ultimate project

Are hypermedia
projects guided and
controlled by ad
hoc, “quick & dirty”
techniques? This
survey shows that
talk of a “crisis” 
is largely
unfounded.



success is tenuous, critics blame this alleged
crisis on the lack of discipline. Charges of mal-
practice abound in the academic literature:5,7

In many cases, the development approaches
used for Web-based systems have been ad hoc,
reminiscent of early days of application soft-
ware development…Overall, software develop-
ment for the Web lacks rigor and a systematic
approach.8

However, scant objective evidence supports
such claims. Thus far, little wide-scale empirical
research into hypermedia systems development
has been done; to our knowledge, the main-
stream literature includes only four surveys of
hypermedia development prior to this one.2,9–11

So, we decided to find out if the above asser-
tions accurately reflect the reality of practice.

Research objectives and method
We decided to explore

■ The extent to which the problems charac-
terizing the alleged hypermedia systems de-
velopment “crisis” actually exist in practice

■ Which, if any, mechanisms developers use
to guide and control hypermedia systems
development

We conducted a dual-mode survey, by tradi-
tional mail and the Web, of purposefully se-
lected hypermedia developers across Ireland.
As is typically the case with organizational sur-
veys, defining an accurate sampling frame was
difficult. The base population included soft-
ware developers who specialized in Web or hy-
permedia systems development, have branched
out into “new media” from traditional media,
or whose companies possess internal IS depart-
ments (for example, financial services firms
and banks). We compiled the initial sample
from numerous classified industry databases
and then systematically reduced it (based on
descriptions of activities and work portfolios
from Web sites and secondary data sources) to
include only those who developed or were
likely to have developed hypermedia systems.
Three introductory questions ensured that only
those respondents with reasonable experience
in developing hypermedia systems of substan-
tive scale and complexity were considered in
the data analysis.

Our filtered sample consisted of 438 organ-
izations. Sixty-five had ceased to operate or had

inadequate hypermedia systems design experi-
ence. We received 167 usable responses from
the remaining 373 organizations after two fol-
low-up rounds, giving a usable response rate of
45 percent. We solicited only one response from
each organization; because many were quite
small, we felt that asking for multiple responses
might cause them to refuse outright.

The study’s findings
The cover letter requested that someone in a

design role complete the questionnaire, our ra-
tionale being to capture a random cross-section
of the various design disciplines that contribute
to hypermedia systems development. Many hy-
permedia designers are from backgrounds other
than traditional software development, such as
graphic design, media production, information
science, and technical writing. With the support
of content management tools, commercial off-
the-shelf products, open source solutions, pre-
fabricated components and applets, and visual
programming interfaces, designers from these
less technical backgrounds have become capa-
ble of developing complex hypermedia appli-
cations without needing to know much about
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Although the Web is a primitive, low-level hypermedia implementation,
it’s nevertheless the most common hypermedia systems platform today. No-
tably, the ACM Special Interest Group on Hypertext, Hypermedia, and the
Web now goes by the acronym SIGWEB. Likewise, this article considers Web-
based systems within the broader umbrella of hypermedia systems, and we
prefer the term hypermedia systems rather than Web-based systems. Hyper-
media—a more timeless concept—embraces technologies that predate the
Web (such as online help and encyclopedia CD-ROMs) as well as those that
succeed the Web (some interactive TV applications, for example). Alterna-
tive terms such as interactive digital multimedia don’t imply the same degree
of interactivity or information richness and include applications that we
wouldn’t regard as constituting hypermedia (for instance, computer games
and simple menu-driven movie DVDs).

Our working definition of hypermedia is any interactive software system
that permits a user to navigate through hyperlinked information by means of
various user-selected paths—for example, interactive Web sites, electronic cat-
alogs, intranets, interactive e-commerce systems, online news and information
services, interactive courseware and training materials, and complex cross-
referenced documentation (such as online help and project dossiers). Hyper-
media applications have these standard features: they’re database-driven,
they integrate with back-end systems, they dynamically generate pages, and
they frequently change content. Optional features include rich multimedia con-
tent, personalized content, and adaptable user interfaces.

“Web-Based” or “Hypermedia”?



7 0 I E E E  S O F T W A R E w w w. c o m p u t e r. o r g / s o f t w a r e

programming. It’s therefore expected that de-
sign approaches and paradigms might vary
accordingly, as designers adapt their native dis-
ciplines’ traditional processes to the new hy-
permedia domain.

We asked respondents to indicate their pro-
fessional discipline (in an open-ended question)
and to separately grade their knowledge in a
variety of listed disciplines. While examining
these responses, we identified three groups of
respondents:

■ Those primarily from a software develop-
ment background (33%)

■ Those primarily from a graphic design
background (26%)

■ Those with comparable proficiency levels
in software development and graphic de-
sign, many of whom designated them-
selves as “information architects,” “Web
developers,” or “Web designers” (41%)

The responding organizations’ primary busi-
nesses also reflect this diversity of backgrounds:
Web development (26 percent), IT and software
development (14 percent), graphic design and
media production (10 percent), multimedia de-
velopment (7 percent), portals (7 percent), inter-
active communications, branding, and advertis-
ing (6 percent), e-learning and computer-based
training (5 percent), financial services (5 per-
cent), management consultancy (5 percent), and
miscellaneous (14 percent).

The organizations’ size was as follows: 1–20
employees (67 percent), 21–50 employees (10
percent), 51–100 employees (4 percent),
101–500 employees (5 percent), 501–1,000 em-

ployees (4 percent), and more than 1,000 em-
ployees (10 percent). This distribution profile is
typical of industry throughout the European
Union, as verified by a Kompass database
search (www.kompass.com).

Project management and requirements 
planning

We asked participants to indicate the actual
and planned time and costs of their most re-
cently delivered project of nontrivial complex-
ity. (To avoid speculative responses, we pro-
vided a “Don’t Know” category.) We found
that 63 percent of projects were delivered in 16
weeks or less, with a median delivery time of
10.5 weeks, consistent with other studies’ find-
ings.9,10 At first glance, this supports the notion
of “Web time,” an accelerated development en-
vironment that’s supposedly characterized by
“headlong desperation.”12 However, our find-
ings don’t suggest any such anxiety; if develop-
ers are resorting to desperate measures, they ap-
pear to be doing so through intelligent, situated
decisions as opposed to rash, unconsidered ac-
tion. Unconsidered actions are inherently risky
and likely to cause problems over time. How-
ever, we analyzed the responses to a question
which measured the perceived gravity of the
problems typifying the alleged “software cri-
sis.” The respondents indicated that they expe-
rienced few major problems (see Table 1). This
suggests that either these problems aren’t as
acute as popularly believed or whatever meth-
ods respondents are invoking to tackle them are
succeeding.

The two most troubling aspects were con-
trolling project scope and feature creep and

Table 1
Extent of typical “software crisis” problems 

in hypermedia systems development (as a percent)*
n No problems Minor problems Moderate problems Major problems

Controlling project scope and feature creep 161 1 39 43 17
Coping with volatile and changing requirements 164 2 38 47 13
Preparing accurate time and cost estimates 156 4 44 45 7
Coping with accelerated pressures of “Web time” 140 14 56 26 4
development environment
Controlling and coordinating project tasks 164 12 64 21 3
Managing communication between team members 166 14 62 22 2
from different professional backgrounds

*A Kruskal-Wallis test to compare respondent groups revealed no significant differences.



coping with requirements volatility. Not sur-
prisingly, the third most significant problem
was preparing accurate time and cost esti-
mates. Though these problems were substan-
tial, projects generally appear to have been ef-
fectively managed. Despite the difficulties in
preparing estimates, delivery schedules and
cost control didn’t seem to cause significant
trouble (see Table 2). Just 4 percent of respon-
dents regarded “Web time” development pres-
sures as a major problem, and most had few
or no problems in controlling project tasks
and managing team communication.

As Table 2 indicates, 66 percent of projects
were delivered within the agreed budget, and
32 percent were delivered on time, whereas
time and cost overruns of more than 50 per-
cent arose in only 17 percent and 3 percent of
cases, respectively. It’s apparent that more
variance occurs in the projects’ duration than
in the cost. One would expect duration to
drive cost, so this is an apparent anomaly.
However, no clear distinction was made be-
tween “cost” and “price,” and the principal
reason why project costs vary so little is that
most systems appear to have been delivered
according to fixed-price contracts. A danger
with fixed-price contracts is that actual costs
might exceed the quoted price. Given that
volatile requirements and scope creep are prob-
lematic, project managers committing to fixed-
price contracts should factor this in. As a pilot
test participant quipped, formulating project
plans is easy—it’s doing so accurately that’s
difficult, and things always take longer than
you first imagine. For hypermedia develop-
ment, there’s a rapid turnaround period
(about three months), development teams are
small (four or fewer developers in about two-
thirds of cases), and costs generally average
about US$50,000; on this scale, projects have
a smaller chance of becoming runaways and
spiraling out of control.13

We’re not arguing that all is well in hyper-
media development practice. As Tables 1 and
2 show, a few problems and aspects need im-
provement. Proponents of the “software cri-
sis” debate could, for example, point out that
99 percent of respondents had problems con-
trolling scope creep, 96 percent had difficulties
in preparing cost and time estimates, 68 per-
cent of projects were late, and 34 percent were
over budget. However, we don’t consider these
problems a crisis for two main reasons: 

■ These problems often arise from simple
human failings and software development
projects’ unpredictable nature in general.13

It’s wrong to present them as aberrations—
rather, developers should anticipate and
accordingly manage them if they arise.

■ The scale of these problems isn’t as severe
as we would expect a “crisis” to be—
where overruns arise, they average about
three weeks and US$6,000.

Capers Jones has remarked that for software
development projects in general, “software re-
quirements are usually only about 75 percent
defined when design starts.”14 It’s therefore
quite surprising that 87 percent of respondents
indicated that for their most recently completed
project, there was a written requirements spec-
ification document. However, these specifica-
tions weren’t as detailed as normal software
engineering projects; the lengths reported were
fewer than 10 pages (19 percent), 10 to 24
pages (29 percent), 25 to 49 pages (20 percent),
and 50 pages or more (32 percent). In response
to a separate question, we learned that 63 per-
cent of respondents used documented proce-
dures or guidelines to assist project planning
and estimation and 64 percent used them for
requirements documentation purposes. These
and the aforementioned findings contradict any
claims that project management and require-
ments analysis in hypermedia development is
sloppy or opportunistic in general.

Using methods and approaches
Terms such as “method,” “process,” and “ap-
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Table 2
Variance in project duration and costs 

(as a percent)*
Variance in project Variance in project 
duration (n = 137) costs (n = 76)

More than 50% over 17 3
Between 25% and 50% over 22 9
Between 10% and 25% over 24 14
Not more than 10% over 5 8
Exactly on target 29 47
Not more than 10% under 0 8
Between 10% and 25% under 2 6
Between 25% and 50 under 1 5

*(actual – planned) / planned
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Respondents
widely

preferred
explicitly

documented
plans and

considered
action over 

ad hoc, 
just-do-it

approaches.

proach” are difficult to define neatly.15 Incon-
sistencies in terminology might explain in part
why previous research on using methods and
approaches in Web and hypermedia systems de-
velopment is somewhat at odds with our find-
ings. Whereas other researchers reported that
none of their respondents used a formal system
development method,2 this study suggests in
contrast that hypermedia systems development
is much more disciplined than commonly be-
lieved. In reply to a closed multiple-choice ques-
tion, 84 percent of respondents indicated that
their organization used a hypermedia develop-
ment process that had clear tasks or phases in
it. In half of these organizations, these processes
were explicitly documented. Only 16 percent of
organizations didn’t have a clear process, and
the majority of those respondents considered
this a problem.

A much more varied picture emerged in re-
sponse to an open-ended question that asked
respondents to list the names of any hyperme-
dia development methods or approaches that
they’d used. This question apparently gave rise
to some confusion, as we received just 94 re-
sponses out of 167 returned questionnaires,
15 of which were too ambiguous to use. Pre-
vious research has pointed to the prevalence of
in-house methods for Web development,10 but
our survey appears to show that these are
mostly not methods in the true sense. Rather,
they’re an eclectic, wide-ranging mix of ap-
proaches, process models, and toolkits of tech-
niques (usable n = 79):

■ Hybrid, customized, or proprietary in-
house method or approach (23%)

■ Traditional “legacy” software development
methods and approaches or variants thereof,
such as Structured Systems Analysis and
Design Methodology (SSADM), Yourdon,
Jackson Structured Programming (JSP),
System Development Life Cycle, or Water-
fall (22%)

■ Rapid or agile development methods and
approaches, such as Rapid Application
Development or Extreme Programming
(18%)

■ Approaches that focus on the use of tools
and development environments, such as
PHP, Java, Flash, ASP (Active Server
Pages), or J2EE (Java 2 Enterprise Edition)
(15%)

■ Object-oriented development methods

and approaches, such as Rational Unified
Process or object-oriented analysis and de-
sign (11%)

■ Approaches that focus on the use of tech-
niques, such as Storyboards, Flowcharts,
Wireframes, or UML (Unified Modeling
Language) (8%)

■ No method used or development ap-
proach is ad hoc (8%)

■ Specialized nonproprietary methods for
Web and hypermedia systems development,
such as Fusebox, Web Site Design Method
(WSDM), or Object-Oriented Hypermedia
Design Method (OOHDM) (5%)

Because many responses were ambiguous,
it was difficult to classify them accurately, and
the categories overlap. Quite a few responses
indicated that an in-house method was used
but didn’t provide any details on its orienta-
tion, so use caution in interpreting the table,
as the percentages in some categories might be
understated.

The top three response categories didn’t sur-
prise us: in-house or hybrid methods, traditional
software development methods or variants, and
rapid or agile methods. Also, substantial inci-
dences of development approaches occur that
are focused around the use of tools, a finding
that lends some support to the assertion that de-
velopers “delve directly into the implementation
phase.”7 Notably, little usage of hypermedia-
specific methods exists, and it’s significant that
the most widely used one (Fusebox) has been
devised by a community of practitioners rather
than academics.

Despite there being a cohort who admitted
to having no process, method, or approach in
place, respondents widely preferred explicitly
documented plans and considered action over
ad hoc, just-do-it approaches (see Table 3). Of
respondents, 94 percent agreed that planning
is essential, and 80 percent agreed that plans
and working methods should be clearly docu-
mented. Sixty-nine percent agreed that ad hoc
methods generally result in poor systems. The
suggestion that “documented working meth-
ods are pointless” was firmly rejected by 79
percent. Of course, actual practice might devi-
ate from the developers’ ideals and attitudinal
values, a possibility we intend to explore fur-
ther in future qualitative research.

Regarding using documented procedures
and guidelines, 68 percent of responding or-



ganizations have them in place for such as-
pects as technical design documentation, re-
quirements documentation, interface design,
system testing, coding practices, and project
management.

The study’s shortcomings
Our study has a few obvious shortcomings,

some of which we intend to address through
future work:

■ The survey instrument comprised mostly
fixed-format questions that captured quan-
titative data, and responses to the few
open-ended questions were scant. A follow-
up qualitative field study is under way
which aims to elucidate the questionnaire’s
findings.

■ As with most surveys, we had reliability
and validity issues. For example, one
could argue that the surprisingly positive
results were due to the human tendency to
make things appear better than they actu-
ally are. We took numerous measures to
counteract such biasing effects: we thor-
oughly pilot-tested all questions, assured
respondents of anonymity and confiden-
tiality, used multipoint attitude scales to
avoid clustering around neutral mid-
points, and used split-half analysis to test
the data set’s internal consistency. Never-
theless, fully eradicating the possibility of
bias is difficult.

■ It would be interesting to compare devel-
opers’ appraisals of “successful” projects
with customers’ corresponding satisfac-
tion levels or to consider if using a devel-
opment process is associated with higher

customer evaluations of, say, fitness for
purpose. This survey didn’t attempt to an-
swer such questions because of the practi-
cal difficulties in designing an appropriate
instrument, such as how to select and gain
access to “normal” customers.

■ We conducted this survey in a small geo-
graphical region (Ireland), so we can’t gen-
eralize our findings globally. The Irish soft-
ware industry is internationally renowned
for its success, and practices might be more
advanced and mature in Ireland than else-
where in the developed world. Cultural
norms and attitudes could also be an issue,
but this is unlikely, as the Irish software in-
dustry is quite cosmopolitan and heavily
influenced by practices in the US, UK, and
continental Europe. To test for regional
bias, the survey could be replicated in an-
other country. We are happy to provide a
free copy of the research instrument upon
request. It would be especially interesting
in the future to conduct a cross-national
comparison of hypermedia development
practices, but rigorously performing such a
study would involve considerable proce-
dural and methodological challenges.17

■ Most organizations in the sample were of
small to medium size, as mentioned ear-
lier. This distribution profile is typical of
industry across the European Union, but
we wonder whether disparities exist be-
tween larger and smaller organizations.
We ran statistical tests to compare the re-
sponses of organizations at opposite ends
of the spectrum—those with 1–20 em-
ployees (112 organizations) versus those
with more than 1,000 employees (17 or-
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Table 3
Opinions on aspects of hypermedia design (as a percent)

n Firmly disagree Disagree Neutral Agree Firmly agree

Ad hoc improvised hypermedia development 153 5 18 8 39 30
approaches generally result in systems of poor quality.
To combat system complexity and time pressures, there 165 0 1 5 32 62 
is an essential need for planning and considered action.
To ensure efficient and effective collaboration in the 165 2 5 13 37 43
development team, plans and working methods should 
be explicitly documented.
Explicitly documented working methods are futile and 162 40 39 15 3 3
pointless.
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Innovative
techniques are
welcome, but
they must be
adequately
validated on

real-life
industrial-
strength
projects.

ganizations). The only statistically signifi-
cant differences were that projects in large
organizations take longer (26 weeks on
average, twice as long as small organiza-
tions) and accordingly cost more. Regard-
ing team size, length of requirements spec-
ification, percentage variance in project
duration and cost, extent of problems ex-
perienced, process documentation, and
use of documented procedures and guide-
lines, we found no other statistically sig-
nificant differences.

T he view that hypermedia develop-
ment practice is sloppy pervades aca-
demic literature and is particularly

evident in articles that propose some new—of-
ten inadequately tested—method or approach
as a universal remedy. Based on our findings,
such a view appears unjustified, and cries of a
hypermedia crisis seem greatly overstated. In
defense, the references we cited earlier that
spoke of a crisis date from 1998–2001, which,
perhaps by no coincidence, corresponded to
the height of the dot-com craze. Many poor
performers were forced out of operation in the
subsequent downturn. Perhaps Web and hy-
permedia design has grown up, and practices
are more mature now than they were a few
short years ago.

Although our results appear to be better
than those for traditional software develop-
ment, we’re unaware of any published surveys
of such projects that are directly comparable
with our study. Indeed, the very notion of con-
ventional software development appears to be
going through something of a paradigm shift,
with a move toward rapid or agile approaches.
We suspect that the practices we reveal are typ-
ical of all interactive systems development
projects, and that the hypermedia development
environment is more similar to than different
from conventional software development.

Rather than writing about a largely ficti-
tious hypermedia crisis, the academic commu-
nity should ask itself whether the real crisis lies
in the communication gap between academia
and industry.16 Lately, concern has been grow-
ing about IS research’s relevance and limited
contribution to practice thus far. Already an

overabundance of systems development meth-
ods exists in the academic literature, many of
which are arcane, impractical, and unwork-
able. Academics are enthusiastically contribut-
ing to this “methodologies jungle” on an on-
going basis, and hypermedia’s recent emergence
has sparked talk of a “pressing need for new
methods and tools.”1

It’s doubtful that a genuine need for new
methods exists. Just because a system is based
on hypermedia technologies doesn’t mean
you have to develop it with an altogether new
or different approach. As this article shows,
you can readily adapt traditional methods
and techniques. Though many hypermedia-
specific methods are set forth in the academic
literature—such as Relationship Management
Methodology (RMM), OOHDM, WSDM, En-
hanced Object-Relationship Model (EORM),
and World Wide Web Design Technique
(W3DT)—our findings reveal that just 2 per-
cent of respondents had ever used any of these
methods and only another 5 percent were
otherwise aware of them. We could surmise
that the low usage of academic methods could
be attributed in part to a lack of awareness or
inertia among practitioners. However, the an-
swer probably lies elsewhere. An earlier sur-
vey found that understandability, ease of use,
and widespread acceptance and reputation
among developers are major issues in
method selection.10 In all these regards, most
hypermedia-specific methods have serious
deficiencies.

The visibility of world-accessible Web-
based hypermedia systems has made it evident
that many development projects are resound-
ing successes. Once again, practitioners are
successfully tackling hypermedia develop-
ment’s new challenges without recourse to the
intervention of academic solutions. Any preju-
dicial notions that practitioners are flounder-
ing in a crisis should therefore be treated with
great suspicion. Across time, practice has of-
ten led the way and informed theory, rather
than vice versa. If academic researchers want
to make useful contributions to hypermedia
development practice, perhaps the best place
to start is by learning from practice through
grounded empirical research. New and inno-
vative hypermedia development approaches
and techniques are welcome, but it’s impera-
tive that they be adequately validated on real-
life industrial-strength projects.
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