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average of 20.370 of the time spent on design, 49.5% of the
time spent on implementation, and 30.3% of the time spent
on maintenance. 20 projects were not sufficiently finished
to have values for the maintenance phase (or at least they
did not provide a value). For these, the average times were

34.8% for design and 65.2% for implementation.

User Interface of Applications

In an effort to characterize the user interfaces of the

projects described, we offered respondents several check-
lists of interface characteristics, covering input (e.g.,
mouse, keyboard, tablet), output (e.g., bitmap, alpha-
numeric, audio), interaction techniques (e.g., menus, com-
mands, buttons, dialog boxes), and presentation techniques
(e.g., charts, drawings, images).

Most (82%) of the systems used a mouse. Only one system
reported using an exotic input device, and it was a scanner
to read text. None reported using a DataGlove, touch
tablet, video camera, etc. Similarly, few used unusual out-
put devices: 70% supported only bitmap screens, 16% sup-
ported only character terminals, and 13% supported both.
72% of the systems supported color. Only 6 systems
reported using audio output for anything other than beep-
ing. These included digitized audio in multi-media presen-
tations, audible ticks as feedback during tracing, synthetic
speech for blind users, and simple voice messages.

78% of the applications ran under a window system. The
most popular were X/l 1 (40%), Macintosh (16?40) and
Microsoft Windows (5%); others mentioned were Amiga,
Gem, DECWindows, HP-VUE, Next, Presentation
Manager, Silicon Graphics, SunView, Symbolics, Vermant

Views and Zinc. Six systems used internally developed
window packages, and one system supported multiple win-
dowing systems. Of those using X/l 1, 52% used OSF
Motif, 13% used OpenLook, and 35% used a different X/l 1

window manager, such as uwm or twin. These results are
consistent with the distribution of machine types shown in
Figure 1.

Independent of whether a window system was used, the
survey asked whether multiple windows were used as part
of the system’s user interface. This is relevant, since a
program not on a window system might implement win-
dows internally, and a program on top of a window system
may only use a single window. 73’-ZOof the applications
used multiple windows in their interface. Of these, 5790
used only overlapping windows, 209?0 used only tiled win-

dows, and 22% used both kinds. It is interesting to note
that 14% of the applications that were implemented on top
of a window system did not use windows in their user
interface, and 33?t0 of the systems that were not im-
plemented on top of a window system still did use windows
(presumably, implemented internally in their application),

Of the last group, about haif were tiled and half were over-
lapping. Most of these were on a PC; onc was on a
mainframe. We speculate that they might have built their
own window systems because the projects were started be-
fore appropriate window systems were available on those
platforms.
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Figure 3:
The percent of the code devoted to the user interface

(for the 71 systems that reported a value).

TOOIS Usad

Most of the projects (74%) used tools of some sort in
developing the code for their user interfaces. For many
projects (34%) this consisted of a toolkit providing a library

of user interface components (e.g., menus, buttons). As for
the case with window managers, the most common toolkits
were those for X 11 systems (e.g., Motif, OpenLook) and
for the Macintosh. Other toolkits mentioned included the
Amiga, Athena Widget Set, DecWindows, Interviews, Ob-
jective C library, Silicon Graphics, SunView, and Vermont
Views.

Other projects used more sophisticated tools, often in con-
cert with a supporting toolkit. So, for example, 20 projects
(27%) reported the use of a UIMS. Five of these used
Hypercard; other UIMSS included Designer Forms,
Domain Diatog, Easel, Enfin, Garnet, Lex/Yacc, Menlo
Vista Forms, MetaWindowsfPlus, Visual Basic and Visual
Cobol. Two projects used internally-developed UIMSS.
Ten projects (14%) used interface builders; these included
DevGuide, HP-UIMX, MacFlow, Next Interface Builder,
TAE+, VUIT; and WindowsMaker.

User Interface Programming

A major goal of the survey was to assess the code and
effort spent on developing the user interfaces of applica-
tions. Thus we asked respondents to estimate the percent
of code devoted to the user interface, as well as the percent
of time spent designing, implementing and maintaining the
interface. The code percentage estimates ranged from 190
to 100%, with an average of 47.6% (see Figure 3).
Respondents spent an average of 44.870 of design time on
the user interface, 50.190 of implementation time, and
37.0% of maintenance time (Figure 4). These estimates did
not differ significantly as a function of the type of applica-
tion described, the country in which the work was done, or
the host computer system.

These estimates do seem to be related to the kinds of tools

the projects used in building their user interfaces. We
grouped projects according to the tool use they reported: in
Figures 5 and 6, ‘No Tools’ refers to respondents who
reported the project used no special user interface program-
ming tools; ‘Tcmlkit’ refers to those reporting use of a
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Figure 4:
The average percent of the time devoted to the uwx

interface during the vm-imss phases of the syst cm

development (N = 63 for design, N = 63 for implemen-

tation and N = 42 for maintcmmcc)

toolkit only; and ‘ UIMS or Buil(icr’ rclers to those report-

ing use of a UIMS or of an inlcrfacc builder (whclhcr or
not they also reported using a toolkit). The code pcrccnt
for the ‘No Tools’ group was 45.2%, for the ‘Toolkit’
group it was 57.0?40,and for the ‘UIMS or Builder’ group,
40,690, Comparable figures lor lhe implcmcnlalion time

estimates were 44.090, 64.990, and 41.2%. These (iata sug-
gest that the projects reporting use of toolkits dcvo{cd more
code and spent more time implementing their user inter-
faces (the trend is marginally significant for lhc code per-
cent measure, Kruskal-Wallis Chi-Square (2) = 5,54, p <
.07; Kruskal-Wallis Chi-Square (2) = 10.34, p < .01, for
implementation time).

The differences in these estimates between the ‘ UI MS or
Builder’ group and the ‘Toolkit’ group arc what onc would
expecc UIMSS and intcrF~cc buil[icrs arc intcn(icci to
provide high-level programming support and management

of the kinds of user inlcrl’acc components providc(i by
toolkits, and thus should rc(iucc the time arxi co(ic (ievolcd
to user interface (fevclopment. However, wc were
surprised to see that the estimates for projccLs using no
tools at all were also less than those for the groups using
toolkits. One possibility is that the dcvclopcrs in the ‘No
Tools’ group were attempting Icss in terms of user inter-
face, either because they knew they di(i not have the ap-
propriate tools, or bccausc their applications had simpler

user interface needs.

In an effort to examine this issue, wc usc(i respondents’
reports of interface techniques as a rough measure of the
complexity of the user interface, summing mgcthcr the
number of interface features they had chcckcd frmm our
iists of input, output, interaction, an(i prcscntal ion charac-
teristics. Although the actual numbers have Iittlc meaning,
the comparison across the three Icvels of tool usc was as
expected, with the fewest techniques reported by projects
using no tool support (Kruskal Wall is Ch i-Square (2) =
9.88, p c .01). The greatest number of techniques were
reported by the projccls using Loolkits only. Toolkits arc
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Comparison of the average percent of the code devoted

to the user interface for projects with different levels of
tool use (N= 18 for No Tools, N =25 for Toolkit and N

=27 for UIMS or Builder.

sometimes promoted over UIMSS or builders because they

offer greater flexibility to the application programmer [5].
These survey results are consistent with this claim, in that
projects relying on toolkits incorporated a larger number of
features into their user interfaces, but at greater cost with
respect to implementation time and code.

We were also curious about the relative impact of different
user interface characteristics, so we did a series of analyses
contrasting projects who did or did not incorporate a given
feature. Given the post hoc nature of these analyses, the
findings must be interpreted with caution. This caveat

aside, we found that the strongest predictor of design time
was the use of menus (systems using menus devoted 49.1 YO

of design time to user interface vs. 24.6% for those not
using menus; Kruskal-Wallis Chi-Square (1) = 6.78, p <
.01). This could be due simply to the fact that applications

with more complex functionality are more likely to need
menus; it could also be that menu organization, terminol-

ogy and interaction are seen as an important usability con-
cern and thus are likely to increase the relative time spent
on user interface design. The factor most likely to increase
both implementation time and percent of code was the use
of a bitmap display (bitmap applications devoted 55.6% of
implementation time to user interface vs. 32.6’ZO for non-

bitmap, Krttskal-Wallis Chi-Square (1) = 8.58, p < .01; and

5 1.9’-ZOvs. 32.0% of the code, Kruskal-Wallis Chi-Square
(1) = 7.18, p c .01). This seems likely to be due to the
enablement of more sophisticated graphical interfaces with
bitmap displays, but again at greater implementation cost.

Modifications

51% of the respondents reported that they had been able to
re-use pan of older code when creating this system. We

asked if the system was modularized well enough so that
the user interface could be modified without changing the
application code. Not surprisingly, most (7670) said yes.
However, it is interesting to note that some of the users of
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modem toolkits, like Motif, said lhat their code was tightly
coupled to the particular toolkit, and thcrcforc was not WCII
modularized.

18% of the systems claimed to support different natural
languages (such as English and French). For those that did
not, 28 respondents estimated how long would take to con-
vert to another language, with an average of 1.8 morrlhs.
The most common technique suggested [or separating the

user interface from the resl of the application was to put all
the text strings into a separate file.

Evaluation of the Tools

In general, lhe respondents were quite pleased with the
tools they used. When available, interface builders were
especially appreciated, and were mostly thought to be easy
to use. Another important feature mentioned more than
once was the ability to execute the inlcrfacc (including ap-
plication functions) while still inside the interactive t(x)ls.
When interactive tools were not available, people wished
they had them. Recendy, a large number of inlcrfacc
builders have appcmed for almost every toolkit, so finding
a builder will probably rtol bc a problcm for future projccm.

Some quotes:

[The toolkit has a] well-designed look-and-feel and api. [The
interface builder] generated good samples of the (then)
evolving api.

[The toolkit] is very easy to learn, even with Iimitccl win-

dows experience.

[The toolkit] gives ~us] a kst of Iow-level control.

1 could get a prototy~ Up to show people ~~lii[ivdy quickly.

[1 liked best] the case of dcvcloprncnl and fm[ development

and smhancemcnt Limes involved. After till, wc were (and
are) able to achieve our objectives the simple way.
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The ... interface builder was powerful (very little coding) and
easy to use.

[1 liked] drawing dialog boxes interactively; [it was] like

using a straight-forward drawing program. [1 also liked] the

code generation . .. [and] source code “maintenance” of [the

interface builder]. It lets you define source code modules you

require and it generates the makefile for you automatically,

Using the [UIMS] enhanced our productivity significantly.

Many of the complaints dealt with performance problems
and bugs in the tools. Other common problems were that
the tools were difficult to learn to use, and too slow. For
example, some comments were:

[The toolkit has a] poorly designed look-and-feel [and an]
unustratly poor application-programming interface...,

Both [the graphics package and the toolkit] are absurdly

complex and inefficient. They’re slow, poorly documented,
plagued by bugs, and eat incredible amounts of memory to

perform the simplest tasks, which they then neglect to de-

allocate. It also requires ridiculous amounts of code to

perform those tasks. True, it is quite flexible ....

[The toolkit had a] high learning curve. [With it, we are]

prone to make mistakes (such as wrong type or number of

arguments).

[1 like least the] annoying licensing restrictions. We rejected

more than one tool simply because we didn’t want to sign up

for eternal bookkeeping of license fees.

~he tool] doesn’t let you create the standard ... look and

feel—this is true in many ways, large and small. This was

enormously costly in time and salaries as we tried over and

over again to compensate for simple flaws...,

To be fair, many of these projects used early versions of the
tools, and one might expect that some of the problems have
been fixed in more recent versions.

Some users called for extended capabilities such as the
ability to draw the dynamic parts of windows. Since a few
research tools, such as Lapidary [8] and DEMO [15], now
support this, we can hope that commercial products will
provide this capability in the near future.

Most difficult aspects of the development of the UI

There were many interesting responses to the question

about the most difficult aspects of the development of the
user interface. Many of these related to the design of the
user interface, rather than its implementation. The most
commonly raised issues about the design were:

● Getting information from users about what they want,
and trying to predict their requirements.

. Designing for the naive user while accommodating the
experts.

● Writing the help and documentation text so untrained
users could understand it.

. Achieving consistency, especially when there are mul-
tiple developers.

● Selecting colors and fonts.
. Understanding and conforming to Motif guidel ines.
● Finding appropriate user testing subjects.

Some of these problems can bc seen as challenges for fu-
ture tool developers. For example, future tools can prob-
ably help achieve consistency, select colors and fonls, ami
enforce conformance with guidelines.

The issues raised about the irnplemenla~ion inclucfcd:

. Learning how to use the X library. (But onc respondent
highly recommended the book by Young [17] w help
with this.)

● Achieving acceptable performance.
● Communicating between the user intcrfacc part and the

application part. This includes problems with the usc of
call-back procedures.

. Communication between different computer Ianguagcs.

. Getting enough physical memory. (Almost all DOS
users and some Macintosh users complained about
memory management.)

. Portability across different windowing systems (e.g., PC
and X).

● Finding bugs in the user interf%cc software. Onc kwge-

scale project noted that the automatic testing mechanisms
used by the company did not find a rtumbcr of serious
mouse-driven bugs.

Again, these are clearly issues that future tools, and even
future versions of today’s tools, would be expcclcd to
handle.

CONCLUSIONS

From this survey, we can tell that user intcrfacc develop-
ment is a significant part of the design and development
task, and that user interface tools are being extensively
used to help, Users are being involved in the design of
most systems, and the design and implemenkition arc often
intertwined, Today’s tools seem 10 bc helping designers
create more sophisticated user interfidces, and the UIMSS
and interface builders are helping to (iecreasc the pcrwmt of

effort devoted 10 the user interface. However, lhc amount
of time devoted to the user interface has not yet been sub-
stantially reduced by the 1001s. The challenges for Iulurc
tool creators seem to be to provide tools which arc easier to
learn and which significantly increase the efficiency of the
user interface designers,
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