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ABSTRACT: A software system's success is primarily dependent upon its usability and 
maintainability. Changes to user requirements and the circumstances under which the 
system is used, means that a well-engineered system must be easily adapted to these 
changes, otherwise its usability and utility will diminish. An experiment is reported which 
hypothesises, that by linking related aspects of the system, reacting to change will be 
easier. The paper concludes that, although linking related aspects can increase the 
maintainers' comprehension of the system, they are apt to rely too heavily upon the links. 
The conclusions have implications for design rationale in general. 

1 INTRODUCTION 

In a software system's lifetime, change is inevitable 
(Lehman, 1985). Prior to both the system's 
implementation and subsequent installation, changes 
to the software arise from unforeseen user 
requirements emerging as design proceeds. After 
system installation at least two changes occur: first, 
the system itself changes the nature of the tasks it 
was designed to support; second, the environment in 
which the system is used often changes the 
requirements for that system (McCracken and 
Jackson, 1982). 

Unless the system is to become obsolete, it must be 
possible to adapt it to change (Lehman, 1982). The 
designer's job is thus two-fold, (a) to design a usable 
system and (b) to design a system that can be easily 
adapted to meet possible future changes in users' 
needs. As Lehman indicated, usability and 
maintenance are tightly coupled, "there is only one 
thing you maintain in a software system, and that is 
user satisfaction. You don't maintain a software 
system, you evolve it to maintain user satisfaction." 
To support designers in this evolution, there needs to 

be adequate documentation relating requirements to 
rationales for design decisions taken about how best 
to support those requirements. The use of design 
rationale ((_::arroll, Kellogg and Rosson, 1991; 
Fischer, Lemke and McCall, 1991) as an assistant in 
the comprehension of software designs can be seen 
as a means of trying to address the problem of 
software maintenance. 

Assuming that change is inevitable, software must 
be constructed within a development process that 
absorbs change in a controlled manner. A system 
will only be used if it meets the requirements of the 
intended end-users. By understanding the user 
requirements, and keeping track of requirements as 
they evolve throughout the design process, it should 
be easier to see if what we are designing is what we 
should be designing. And when changes to the 
system are necessary, we will know why the system 
has been designed the way in which it has and what 
changes to the system are needed. Moreover, we 
can predict what the consequences of these changes 
will be. If the system is not maintained in a 
controlled fashion, the complexity of the software 
will increase beyond practical comprehension 
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Figure 1. The relationships between a system's documentation and design. 

(Lehman, 1985). Eventually it will not be feasible to 
maintain it, resulting in the need to design and 
implement a new system, possibly with the loss of 
expensive data and the need for user training. 

Maintaining software designs would appear to 
involve the understanding of certain relationships. 
In any (considered) design there will be a 
relationship between the design and its 
requirements: requirements are embodied in 
designs. The ability to trace design decisions to 
particular requirements and vice versa is known as 
traceability. An attribute of a well written 
requirements specification is that requirements can 
be traced to their origins (Davis, 1993), for example, 
task analysis results and/or previous designs. 

These various relationships are summarised in 
figure I. The arrows in the diagram show 
dependencies between parts of the system and 
associated documentation. Previous designs and 
task analysis results provide the requirements for 
new designs (Carroll, 1991); therefore, requirements 
originate from previous designs and task analysis 
results. All designs have associated requirements 
and rationales on which they are dependent. 
Rationales themselves have associated sources: 
designer's knowledge, HCI standards, task analysis 
results, properties of requirements, etc. 

A design rationale seeks to derive and justify design 
decisions (Fischer etal, 1991). Designs may persist 
for a long period of time. Thus, design rationales 
are a long-term communication from designer to 
maintainer: a design rationale should indicate why a 
design has particular characteristics thereby enabling 

the maintainer to reason (more easily) about the 
consequences of any changes. "To alter a design 
sensibly - adding, fixing or modifying features - it 
is crucial to have an understanding of why it has 
been designed the way it has. Without knowing the 
rationale, a designer is apt to violate constraints and 
to repeat errors by ignoring whatprevious designers 
have learned," (Fischer et al, 1991 ). Therefore, 
design rationale is an essential part of a system's 
documentation if changes are to be accommodated 
by subsequent designs and implemented in an 
efficient and effective manner. 

A design rationale document will serve to record 
why a design has been designed in a particular way. 
Additionally, links between related aspects of the 
system wiii also form an implicit design rationale. 
For example, in a statistics package, a design feature 
might exist because of a particular requirement: 

• Requirement: the user must have a means of 
computing the mean of a list of numbers; 

• Design feature: the user enters a list of numbers 
and activates a "Compute mean" command via the 
user interface. 

Thus, there is a relationship between the 
requirement and the design feature, namely that the 
requirement is met by the design feature. 
Conversely, the design feature meets the 
requirement, indeed exists because of it. This 
relationship can be depicted using a directed graph, 
as shown in figure 2. 
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Figure 2. Example of the relationships existing between a requirement and design feature. 

By linking related aspects of a system as illustrated 
in figure 2, it is proposed that identifying where 
changes might and have occurred, predicting the 
consequences of changes, and designing and 
implementing a system to accommodate those 
changes will be easier than if such links did not 
exist. Designers will be able to investigate the 
impact that making a change to a particular part of 
the system will have on other related parts. 
Designers will be able to concentrate on those parts 
of the system that might be affected by a change and 
ignore irrelevant parts. Since the design activities 
will be more focussed, the potential for improving 
the usability should be increased. The next section 
describes an empirical study concerned with 
investigating the utility of documenting links across 
the system. 

2 DETAILS OF THE EMPIRICAL STUDY 

An experiment was conducted specifically to test the 
hypothesis that the incorporation of links in a 
system, either paper-based or software, would aid 
designers in associating requirements with design 
solutions. 

One possible benefit of providing links relates to the 
time it might take to answer questions about 
associations between requirements and their 
respective solutions, and vice versa. Another benefit 
might be concerned with how many irrelevant links 
between requirements and solutions are considered, 
while a third benefit might relate specifically to the 
person's understanding of the system. 

Three testable predictions directly related to the 
benefits of the provision of links arise from the 
hypothesis. First, the time to arrive at answers to 
questions about software based documentation 
containing links will be significantly less than the 
time to arrive at answers in documentation without 
links. Second, the number of irrelevant parts read in 
linked documentation while finding answers to 
questions will be less than the number of irrelevant 
parts read in documentation without links. And, 

third, subjects' answers to questions in linked 
documentation will be significantly closer to the 
designer's answers compared to those subjects using 
unlinked documentation. 

Subject selection 
All ten subjects for the evaluation were chosen from 
the 1993-94 MSc students studying HCI taught at 
Queen Mary & Westfield College, except for one 
who was an MSc IT student. The subjects were 
chosen from the HCI course under the assumption 
that they would all have similar levels of education 
and experience in the design (i.e. understanding of 
requirements, design issues and design rationale) of 
user interfaces. The ten subjects were randomly 
assigned to one of the two experimental conditions: 
documentation with or without links. 

Materials 
As a platform for the study, a development tool that 
enabled designers to store task analysis results, 
requirement specifications, design specifications, 
design prototypes, rationalisations and the 
relationships between them was constructed using 
HyperCard™, an example of which is shown in 
figure 3. For the purpose of the study reported in 
this paper, the tool was populated with the 
requirements, design rationales and designs for a 
small statistics application. 

Method 
One group of subjects were presented with a version 
of the tool that contained the requirements, design 
rationales and prototypes. The other group of 
subjects were presented with a version of the tool 
that contained the requirements, design rationales 
and prototypes along with links joining related 
parts. The subjects were instructed to answer seven 
questions and undertake a number of small tasks 
relating to the statistics application. Examples of 
questions and correct answers were: 

Question: "What evidence is there to support 
the fact that users will be able to use a button 
based user interface?" Answer: "The task 
analysis showed that the end users had 
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Figure 3. Screen dump from the tool. Links are underlined text annotating the design. 

experience in using a button based user 
interface." 

Question: "Adding new features to the user 
interface of StatisticsDesign 1 would be easy. 
Why is this an important consideration?" 
Answer: Requirement NL3, that adding new 
commands to the user interface must be easy, 
has a high priority. 

Question: "Read requirement NL7 and change 
StatisticsDesign 1 so that NL 7 is met in the 
design." Answer: the user selects a mode button 
from a choice of 6 differently titled buttons and 
places it onto the user interface. 

Each subject was timed in how long s/he took to 
answer each question and undertake each task. 
Irrelevant parts of the documentation visited were 
recorded, along with details about the degree to 
which the subject's answers matched the authors' 
(i.e. designers') model answers. 

3 RESULTS 

To test the first prediction, a one way between 
groups analysis of variance was conducted upon the 
data relating to the time that subjects took to find an 
answer to the questions. It was found that the 
difference between the links and no links data was 
statistically significant beyond 0.001 level, F = 49.6 
(1, 8, 0.001). 

The second prediction was that subjects using the 
linked documentation would read less irrelevant 
material than the subjects using the unlinked 
documentation. This prediction was tested by 
applying the same statistical technique to the data 
measuring the number of irrelevant parts visited. 
The analysis of variance gave a statistically 
significant F value: F = 12.5 (1, 8, 0.01). 

The third prediction, that subjects using the linked 
documentation would produce answers that more 
closely matched answers to those of the designers 
compared to those using the unlinked 
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Experimental condition Mean time to Mean number of Mean score, against 
answer questions irrelevant parts read model answer (out of 
(sees) 1.0) 

Without links 911.6 10.8 0.7333 

With links 641.2 3.4 0.9111 

F1gure 4. Summary of data from the study. 

documentation, was also tested. The difference in 
scores between the linked and unlinked condition 
was statistically significant beyond the 0.05 level, F 
= 8.78 (1, 8, 0.05). 

A summary of the data is provided in figure 4. 

4 CONCLUSION 

The empirical study reported here supported the 
hypothesis that incorporating links into a software 
system will enable maintainers to better understand, 
and thus make changes to, the designs constructed 
by others. Subjects in the with links condition found 
answers to questions about the system more quickly, 
considered less irrelevant material and constructed 
explanations which more closely matched those of 
the original designers, compared to subjects in the 
without links condition. 

Although supporting the research hypothesis, the 
study provided additional insights into subjects' 
behaviour. A few subjects in the with links condition 
did not investigate a second link in the 
documentation after having identified the first link. 
It is possible they forgot the existence of the second 
link, or, alternatively, they were satisfied at having 
found one appropriate link. For example, a part of 
the design - a standard deviation button - had two 
"meets requirement" links adjoined to it. Subjects 
were asked to find which requirements the standard 
deviation button met. They would follow the link to 
the first requirement and record their answer. 
However, they would then either forget that they had 
not explored the second link or be satisfied with 
their partial answer. This was despite the subjects 
being told at the outset that an answer might not be 
found in just one part of the system. Such behaviour 
could probably be mitigated by the tool reminding 
the users that several links ought to be investigated. 
Reminders would be difficult to implement in 
paper-based documentation, because of its static 
nature. 

Subjects without the links tended to read the 
documentation in a top-down manner. For example, 
they would read all the requirements sequentially, 
starting from NLl and finishing with NL7: the order 
in which they appeared in a menu. More 
interestingly, even when they thought they had 
found the answer to a question, most subjects in the 
without links condition would explore other parts of 
the documentation for more information relating to 
the question. Subjects in the with links condition 
rarely exhibited this behaviour. They relied upon 
the links to guide them to answers and, having 
traced the authors' answers, rarely considered other 
possibilities. Only one subject questioned the 
validity of the authors' links: "can I take the 
underlined text [i.e. links] to be reliable?" 

Considering the behaviour exhibited by the subjects 
in the two conditions it is therefore not surprising 
that two of the predictions concerned with measures 
of time and number of irrelevant paths considered 
showed a significant difference. The final 
prediction, however, regarding the match between 
the designer's and subjects' understanding of the 
system, was significant and does indicate that the 
links benefitted to a greater extent the subjects' 
understanding. Regardless of traversing the 
documentation, the subjects in the without links 
condition exhibited less understanding of the system. 
This fact is principally due to the links providing the 
subjects with a view of how and why the designer 
had designed the system the way it was. 

These observations have an implication for 
approaches to design that encourage design rationale 
representations using links, e.g. QOC (MacLean, 
1991 ), DRL (Lee and Lai, 1991) and PHI (McCall, 
1991). It is that documentation without links might 
force a broader (though, because of time pressures, 
perhaps not as deep) analysis of the documentation 
when posed with a problem. For example, finding 
aspects of the design that might be influenced by a 
change in requirements. During such a broad 
analysis, information might be found that did not 
influence the original designers, but should have. 
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Paradoxically, then, documentation without links 
might encourage more rationalising than 
documentation with links. 

Thus, the study exposed a trade-off. Annotating 
software documentation with links enables those 
people responsible for maintenance to find the 
original designer's rationalisations quicker and 
enables them to form a fuller understanding of the 
designer's specific decisions. However, by 
depending on the links, the maintainers might not 
consider alternative or additional information that 
did not, but should have, influenced the original 
design. 

It is difficult to see how the best of both approaches 
to documentation can be maximised, while reducing 
the amount of time to find relevant influencing 
factors. Encouraging the original designers to 
record all factors influencing their decisions is a 
clear requirement. But forcing them to record (and, 
hence, consider) the correct factors might well be 
impossible: rationalising, like design, is probably as 
much subjective as it is objective and therefore there 
is unlikely to be a "correct" rationalisation for most, 
or even all, decisions. Nonetheless, we can take 
some comfort in the fact that linking related parts of 
the documentation assists maintainers to a 
considerable extent. That is, some links - the 
original designers' rationales- are better than none. 
So long as maintainers do not become complacent 
by relying too much on the links, and are prepared 
to consider alternative relationships, maintaining 
software should be quicker and more effective. 

5 FUTURE RESEARCH 

The study reported here used a tool that was 
populated with a small design example, smaller than 
that of any real world design project was due to time 
constraints. Nonetheless the results of the study can 
be generalised. Further issues associated with 
computer based support tools for maintenance might 
be raised if hypotheses such as those reported here 
are evaluated under more realistic conditions. For 
instance, the tool could be populated with all the 
documentation and prototypes for a real world 
design project. Designers could then use the tool for 
maintaining their designs. In this way, the concepts 
embodied in the tool could be evaluated more 
rigorously, providing a greater insight into the 
problems of maintaining project artefacts. 
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