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Abstract

In this paper 1) the need for decision making to be
transparent in prototyping projects is discussed and 2) a
way to document decision making during such projects is
suggested. Further, by extending the established idea of
diaries, the use of a diary-based process documentation
technique in several prototyping projects is evaluated. This
is done in order to examine the extent to which the
documentation techniques influence the quality of the
system. Projects in which these aspects were tested are
described. Decision diaries were used in order to manage
and improve the decision making process and in order to
make the decisions related to the design more transparent.
The underlying assumption was that transparency would
improve the quality of the decisions and thus, the system.
User satisfaction reports are analyzed. They indicate that
decision diaries make decision making more explicit and
thus increase the quality of the system design process and
the product.
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Introduction

Prototyping has been on the agenda for the past ten years
(Squires et al, 82; Budde et al, 84). Its development can be
described as a reaction to many of the typical weaknesses
of traditional phaseoriented system development models,
such as the waterfall model (Boehm, 76). Traditional sys-
tem development is based on the assumptions that it is pos-
sible to specify the system in advance, and that it is possible
to reach a correct specification during one specification
phase. The resuit is often systems of poor quality, systems
that are difficult to change and maintain, as well as systems
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that do not meet the users’ needs (Winograd & Flores, 86;
Floyd, 87; Ehn, 88).

In this paper I will use Mayhew & Deamley’s (90) defini-
tion of prototyping: “The process of constructing and eval-
uating working models of a system in order to learn about
certain aspects of the required system and/or its potential
solution.” By a prototype, I mean an early working model
of one or more parts of the required system.

Independent of the chosen definition, there is one common
motivation behind most definitions: prototyping is mainly
concerned with reducing the uncertainty involved in system
development (Davis, 82). This is approached through leam-
ing and evaluation based on the use of the prototype. Exper-
iments with prototypes provide practical insight into
possible solutions. Prototyping aims to involve the users by
letting them take part in experiments demonstrating the
design of their future application system. In this way, proto-
types are a means of communication between the system
developers and users. Thus, prototyping is a genuinely par-
ticipatory approach to system development. Prototypes also
enable parts of the knowledge gained during the design
process to be implemented. A prototype constitutes an exe-
cutable specification, and helps to narrow down the gap
between specifications and the user’s actual needs (Budde
& Zullighoven, 90).

Nevertheless, prototyping does not solve all problems. It
can also introduce new ones. One can say that decision
making in system development is a critical activity with
respect to the quality of the product. Decision making is
even more critical in prototyping projects because of the
large number of design decisions to make and at the same
time the lack of documents connected to decision making.
A prerequisite for prototyping projects is close cooperation
between the developers and the users.
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Figure 1. The interconnections of decision making, documents and organizational
culture, influencing the quality of prototyping.

Documents are, of course, important when it is necessary to
mediate and maintain a common comprehension between
members of typically different organizational cultures. This
perspective on the successfulness of prototyping will sup-
port real participation, in contrast to symbolic participation
(meaning nominal participation without practical infiu-
ence).

My claim is that in order to organize decision making from
a participatory perspective, and, in order to improve the
quality of the decisions, it is necessary to make the decision
process transparent. By transparency in decision making, I
mean insight into all layers of previous decisions, their pri-
orities and the argumentation behind them. In order to sup-
port decision making in a design context, I wish to
introduce a process documentation technique called deci-
sion diaries. This is an extension of project diaries (Jepsen
et al, 89: Naur, 83) with special emphasis on design deci-
sions and goal definitions, in order to make up for the lack
of relevant documents in prototyping projects.

It is impossible to create high quality computer systems
without genuine user participation. A high standard in
terms of user quality, technical quality, and organizational
quality, depends on there being a mutual leaming process
between system developers and users: system developers
must learn about the work and the organization in which the
computer system is used, and the users must leam about
computer science and the technological possibilities (Braa
et al 92; Braa & @grim, 92).

In this paper, an experiment on decision diaries is present-
ed. This experiment has been conducted in a teaching situ-
ation, yet aimed at supporting real prototyping.

The fundamental assumption behind this experiment is that
the quality of decision making is of vital importance to the
quality of the design of the system. In addition, I assume
that more transparent and explicit decision making is nec-
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essary in order to ensure real participation in system devel-

opment projects. I believe that more transparent and

explicit decision making processes imply better decisions,

especially in a mixture of organizational cultures (cooperat-

ing partners). My hypotheses may be summarized as:

» Decision diaries make decision making more explicit.

« Decision diaries improve the quality of the system
design.

The hypotheses have been tested in 16 prototyping projects.

The results are evaluated later in this paper.

The remainder of this paper is organized as follows. In the
next section, I discuss decision making as a critical activity
especially in prototyping projects. In section “Organiza-
tional Culture and Participatory Projects”, I discuss partici-
pation in the light of organizational culture aspects. I then
describe the process documentation technique decision
diary. The experiment, in which the decision diary tech-
nique was used, is then presented. In the following section,
problems with measuring the quality of prototypes are dis-
cussed. In section “Assessment of the Experiment”, the
experiment is evaluated in the light of the hypotheses pre-
sented above. Last, but not least, I outline some conclusions
that can be drawn from the experiments, focusing on the
possibilities and advantages of using decision diaries in
participatory projects, especially in connection with proto-
typing.

Prototyping projects are often initiated because of a certain
degree of uncertainty about, for instance, what kind of a
product that should be developed (Davis, 82; Floyd, 84). It
is also commonly accepted that the aim of the product often
changes during the prototyping process. Decisions made
during the project will influence the outcome of the proto-
typing process. Moreover, because prototyping is not a
specification oriented approach, numerous design decisions
have to be taken during the process (Budde et al, 91). This,
in turn, underlines the importance of decision making in
prototyping projects. In a prototyping process, several types



of decisions have to be made. Major decisions may, for ex-
ample, be deciding the overall goal for the next prototype
and choosing between alternative designs. Numerous minor
decisions, such as selecting field size etc., are also typical.
So, almost all decisions in prototyping are concerned with
design. Special attention should therefore be given to such
decision domains as the overall goal and the subgoals of
each prototype. In particular, if the different groups in a
project, e.g. users and developers, have different goals, the
result can be that the project run into conflict situations.

Prototyping projects are, by definition, not driven by docu-
ments indicating possibilities and restrictions. Without a
detailed specification, the participants may experiment
more freely and thus be invited to suggest new solutions.
This situation can be contrasted with conventional system
development projects where documents often are used as
“contracts”, organizing and managing the development
process (Andersen et al, 90). The lack of documents in pro-
totyping projects cause several problems with respect to
decision making. Documents are often used as instruments
in bringing about communication between users and devel-
opers. Moreover, decisions are often based on and
explained by documents. When decisions are not docu-
mented, they may become arbitrary, giving no guarantee of
the quality of the product. The situation could be improved
by directing attention to decision making and, in addition
striving towards more conscious decision making. There is
an obvious need to introduce documents in prototyping, in
order to improve and manage the decision making. The par-
ticipants’ background in different organizational cultures
means the decision making process becomes even more
complex. This topic will be discussed separately below.

0 izational _Cult 1 _Participat
Projects

User participation is a condition of success in prototyping
projects. Users are supposed to be actively involved - sym-
bolic participation is insufficient to get benefit from proto-
typing (Grgnbak, 91). Actors from the developer organiza-
tion as well as from the user organization have to cooperate.

In most cases, however, they represent two different organ-
izational cultures. This approach can be both an advantage
and a disadvantage at the same time. The advantage is that
two perspectives, which “correct” each other, will be repre-
sented. The disadvantage is that every organization actually
has its tradition represented in the way decisions are made
(Bang, 90), and this may, of course, lead to culture conflicts.

System developers are often intemally organized in clans.
Clans (Ouchi, 80) are typically characterized by internally
developed standards and values regulating the activities of
the group. The success of a clan organization is dependent
on the extent to which the values and standards are shared.
Thus, the members have to create a common tradition. This
does not work particularly well when the cooperating par-
ticipants come from different organizational cultures. A
clan’s decision process, based on so-called tacit rules, may
be invisible to members of another type of organization.
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The developers’ rules will be invisible to the participants
from the user organization. This causes problems, espe-
cially when the users (participants) do not recognize that a
decision is being made or has been made. Thus, it is neces-
sary to make tacit rules explicit. According to the ideas of
quality assurance (Sommerville, 91), this is in fact, needed
in all system development projects. And it applies in partic-
ular to participatory projects, where several different organ-
izational cultures are often represented. Developing a
common comprehension is a great challenge to participa-
tory projects. My claim is that a shared document that
would create a tradition and routine for decision making,
would support communication between groups from differ-
ent cultures.

In arder to organize decision making from a participatory

perspective, we believe that the user participants must be

able to take part in the design process, that the decision

process must be transparent, and that documents must be

used to manage the design decisions. This should increase

the quality of the decisions.

Process Documentation

As mentioned earlier, process documentation can be used

to make the decision making process more explicit. This

can be done by introducing decision diaries which:

« ensure that the decisions do not contradict the inten-
tion

« will probably make it easier to locate decisions

+ ensure that misunderstandings can be corrected con-
tinuously and even some time after decisions were
made

» emphasize who will be affected

» ensure that the decisions are subsequently followed.

« probably support reflection and leamning

I will now introduce a technique for documenting the proc-
ess. Special attention will be given to design decisions, and
to formulating and documenting goals formulated during
the prototyping process.The process documentation tech-
nique is a decision diary. The decision diary has been in-
spired by the project diary (Jepsen et al, 89, Naur, 83) as
well as my experiences of using project diary in a prototyp-
ing project as reported in (Kautz, 92). The drawbacks of
project diaries are that using them is too time-consuming
and that they do not emphasize the central aspect of proto-
typing, namely decisions. I have added certain extensions
in order to support decisions that are concerned with de-
sign. If users are supposed to participate in making design
decision, they must be given insight into the design deci-
sion process. Making decisions more transparent implies
making decisions visible to everyone involved in the
project.

When using decision diaries, the process should be ex-

plained in the most complete and structured way possible.

This can be done by paying attention to the following is-

sues:

* The documentation should be written continuously
and closely follow the project activities.



+ The decision diary should be organized so that both
the date and the agenda will be included.

» Every meeting should start with a reference to the
decisions made during the previous meeting or dem-
onstration.

+ Disagreements regarding previous decisions should be
registered and taken into account.

* A time frame should be indicated for carrying out
decisions which have not yet been followed up.

o For each decision made, an explanation should be
given as to why this solution was selected, which con-
sequences this might have, what the alternative solu-
tions were and why these were rejected.

« The goals for the whole prototyping project and the
goal of the next prototype to be developed should be
clearly stated in the diary.

» Each session should be closed with a reference to the
preliminary agenda/schedule.

« The decision diary should be used for all activities in
the prototyping project, such as meetings between
developers, and users, negotiation meetings, evalua-
tions, and test situations.

Generally, the degree of detail as well as the style of expres-
sion depend of many uncontrollable aspects, such as the sit-
uation itself, the cognitive style of the participants, the time
available and so on. It is therefore pointless to insist on fol-
lowing strict, infleflexible instructions.

The aim is not to reach consensus in all cases. That is not
even possible when several interests are involved. Never-
theless, by writing down the decisions and the underlying
arguments, and distributing the diaries to everyone in-

Working Group 1  Working Group 2

volved, the participants may be provoked in a constructive
way. Users’ representatives will for instance react to the de-
velopers’ priorities. Their reactions may even bring latent
contradictions to the surface, which might otherwise have
been the source of dissatisfaction later in the process, or af-
ter the implementation.

D ipti {the E 5 |
The projects were conducted during the course “System
Description and Language” at the Department of Informat-
ics, University of Oslo, Norway, during the Spring of 1992,
The course was organized in four working groups, each be-
ing divided into two project groups (e.g. Information Sys-
tems 3 & 4 in Figure 2). The projects were conducted in two
main phases: in Phase 1, each group analysed and described
an information system in a real organization; in Phase 2, af-
ter two groups had exchanged information systems, they
started a prototyping project with the system description as
their point of departure. Here, I will focus on Phase 2, in
which they aimed at suggesting an improved design for
parts of the current infarmation system, visualized in proto-
types. Half of the prototyping projects were conducted us-
ing decision diaries, while the other prototyping projects
acted as control groups.

Each group had approximately twelve participants, and
they made a description of an information system mainly
based on Structured Analysis (Yourdon, 82). When Phase 2
started, the information systems were exchanged, and each
description group was divided in two small prototyping
Pprojects with approximately six participants each. Conse-
quently, there were two parallel prototyping projects (e.g.
3A and 3B in Figure 2) designing prototypes based on the

Working Group 3 Working Group 4

Decision diary
technique

[ }

} Traditional project
management tecniques

Figure 2. The organization of the projects.
All working groups are organized in the same way.
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same information system (IS-3). The notation IS-1 to IS-8
in Figure 2 indicate information systems numbers 1 - 8 in
real organizations, manual or computerized. Students who
described the information system in Phase 2 acted as a user
group for another group (since they knew the application
area). For example, as indicated in Figure 2, the project
group 4A acted as a user group for the project group 3A.
Pairs of prototyping projects used during the experiment
different project management techniques. One of the
projects used decision diaries to document the process. The
other one used traditional project management techniques,
e.g. milestones and decision charts. Each pair of projects
(e.g. 3A, 3B) had the same preconditions:

« making prototypes of the same information system

« using the same system description as a basis and

« using the same fourth generation tool.

Thus, a comparison between the two projects concemning
both the product and the process, should give generalizable
results. The difference between the projects using process
documentation and the projects using traditional project
management techniques was that they did not interact with
the same users. It should be possible to evaluate how the use
of the specific technique will influence the product quality,
by comparing the corresponding prototypes based on the
same preconditions. There were cight comparable pairs of
projects and, all in all, sixteen prototyping projects. Hence,
it should at least be possible to find a tendency.

How to Measure Quality of Prototypes?

One of the main problems related to measuring the quality
of prototypes is how to actually measure that one prototype
is qualitatively better than another. In the context of this ex-
periment, typical user satisfaction factors have been applied
(Kim, 89). My aim was to find a difference between
projects using process documentation on the one hand, and
projects using traditional project management techniques
on the other hand. I have, however, used them in an applied
sense. This includes user expectations as a key factor in ex-
plaining user satisfaction. The main explaining factor is the
discrepancy between the expected information service
quality and perceived information service quality (Kim,
90).

This view on quality is also supported by the definition of
quality by Bang et al. (91): Quality is a reflection of one or
more person’s evaluation of the correspondence between
their expectations and their experience of a product or a
service. Here, quality is seen as a subjective issue.

Experience shows that in prototyping, user expectations are
high at the beginning of the project, and it is easy to become
disappointed when only some parts of the system are imple-
mented or when the system actually is a plain interface
without any functionality. Since learning is an important
factor in prototyping, the quality of the process is also an
important factor.

To collect feedback from the participants I used question-
naires. In addition, I observed all the projects’ last presen-
tation sessions, where prototypes were presented to the
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users for feedback. The questionaires contained different
questions to users and developers. The questionaires were
distributed at the beginning of the last presentation session
and time was allocated for answering them.

My aim was to find how much more satisfied the users in
the projects using decision diaries, were with the prototypes
than the users.in the projects using project management
techniques of more traditional character. The object of this
was in order to evaluate the difference in quality of the pro-
totypes.

Methodologically, the experiment is a combination of field
experiments and laboratory experiments. Laboratory exper-
iments maximize the precision of measurement and the
control of variables; the price is a certain lack of realism
and generalizability (McGrath, 84). Analyzing existing in-
formation systems, automated or manual, in eight existing
organizations, compensates for some of the weaknesses of
laboratory experiments. Projects not using decision diaries
were initiated as control projects. This was done in order to
compare the two projects which used different documenta-
tion techniques. The weakness of the method is that the us-
ers are, so to say, “simulated”. Nevertheless, I feel that this
is one of the most applicable ways to examine my hypoth-
eses.

Below, the results of the study are presented. A total of, 62
questionnaires were answered. When the answering percent
is indicated in Tables 1 - 3, it means that no answer was giv-
en to that particular question. The questions were organized
as a composition of partly quantitative, partially qualitative
questions. One example of a qualitative, open questions is
“How did you use process documentation™. Answers to
these questions are, of course, difficult to measure. The
evaluation of the more qualitative answers will be dis-
cussed later in this section. First, I will take a look at the
quantitative questions.

Table 1: Users’ satisfaction with the

prototypes
Projects using % Projects not using %
Decision Diaries Decision Diaries

Satisfied 56 | Satisfied 32
Prototypes not as 12 | Prototypes not as 21
expected expected
Didn’t have any par- Didn’t have any par-
ticular expectations |21 | ticular expectations |21
Answering percent | 88 | Answering percent |75

Table 1 shows the users’ satisfaction with respect to the pro-
totypes of their own project. I have divided the users in two
main groups; those who used a decision diary and those
who did not. This was done in order to demonstrate the dif-
ference between the groups. I have used user expectation as



a key factor to explain user satisfaction. As we can see, a
larger proportion (56%) of users of the decision diary tech-
nique, were satisfied with the prototypes than those not
using this technique (32%). A similar tendency can be seen
in the number of users who were disappointed with their
prototypes (“Prototypes not as expected” in Table 1). Also,
fewer decision diary users were disappointed than others.
(12% vs. 21%).

In Tables 2 and 3, the users (Table 2) and the developers
(Table 3) responsible for the different prototypes are

shown. The comparison of the prototypes (i.c. the prototype
based on the same information system and different process
documentation technique) was conducted in a session dur-
ing which the different prototypes were presented.

Table 2: Users’ comparison of the prototypes

Projects using % Projects not using %
Decision Diaries Decision Diaries

Own prototypes best | 32| Own prototypes best | 21

Other prototypes best | 11

Other prototypes best | 15
Difficult to compare | 35

Difficuit to compare | 24

Answering percent | 82| Answering percent | 57

Table 2 shows that more users of decision diaries consid-
ered their own prototypes to be best than did users in the
control projects.

Table 3: Developers comparing the prototypes

Projects using % Projects not using %
Decision Diaries Decision Diaries %
I ——— ———————

14

Own prototypes best | 26| Own prototypes best
Other prototypes best | 27

Other prototypes best | 12

Difficult to compare | 56| Difficult to compare |32

Answering percent | 94| Answering percent |75

In Table 3, the developers compare the prototypes pre-
sented by both projects. The difference between the group
of projects is greater among developers (Table 3: 26% vs.
14%) than among users (Table 2: 32% vs. 21%). It seems
that developers in projects using the decision diary tech-
nique were better able to answer these questions than the
others. Only 6% did not answer this question while 25% of
the developers not using decision diary failed to answer this
question. This may indicate several things: 1) that the
design of the prototypes was considered in more detail
(supported by the fact that 26% of the users liked their own
prototype, while 14% liked the other group’s prototype
best) and that it was therefore easier to answer the ques-
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tions, or 2) that by using the decision diary technique they
have become more accustomed to making such evaluations.

The tables indicate great differences in the answers of the
projects using decision diaries and the control projects with
respect to user’s satisfaction, their assessment of the differ-
ent prototypes and especially the answering percent. Table
1 shows that the users in projects using decision diaries
were more satisfied with the prototypes than the users in the
other projects, and that the prototypes fulfilled their expec-
tations. It does not necessarily mean that the prototypes are
of particularly better quality, but rather that the commit-
ment was stronger. The big difference in the answering per-
centages may indicate this. Another explanation could be
that the participants using the decision diary technique
where more aware of what was going on and so better
equipped to answer such questions. The presentation of the
prototypes revealed that the prototypes of the projects using
decision diaries were generally of better quality than the
others. This is supported by the results, (summarized in
Table 1).

In connection with the more qualitative questions, the qual-
ity of the diary users’ answers appear to be higher than
those of the other group. The answers were more reflected,
longer and more innovative. This may indicate that the par-
ticipants were forced to reflect upon their activities when
they had to register the arguments in the diary. This did not
only concemn those who were directly responsible for actu-
ally writing the diaries, but it was clearly more general.

My previous experience is that writing and maintaining the
diaries can easily becomes too time-consuming and that
often too much information is collected. In this experiment,
this was not the case. Interesting enough, only one partici-
pant thought that writing the diary was too time consuming.
The way I see it, the most interesting issue is whether the
participants feel this take to much time, rather than the exact
amount of time used. In other words, if they benefit from
writing diaries, it does not feel too time-consuming. The
only person who answered that it was too time-consuming,
did not experience the use of the diaries as beneficial.

Another difference to earlier reported uses of diaries
(Jepsen et al, 89) is that in this experiment, user guidance
was included describing how to use the technique and what
to register. In earlier reported use of project diaries no such
guidance was given.

In addition to the main resuits, other illustrative comments

were given in the completed questionnaires.

Several project participants used the diary to organize the

project and the meetings:

« “If big changes should be made, it was helpful to have
an overview of what should be done and what had
actually been performed!”

* “Decision diaries made the meetings more effective;

1. Author’s translation.



we used the diary to get information about previous
decisions in actual situations”,

+ “We referred to the previous decisions written at the
diary in the beginning of every meeting. This indicated
what we should do”.

Several participants became fans of decision diaries:

+  “Decision diary is a must!”

e “We no longer need to quarrel about who said what”

« “Without the decision diary we would not have been
able to complete the projects”.

The Easter holiday divided the prototyping project in two

parts. Many participants expressed that the diary was of

great help to remember the status of the project and to stick
to the decisions that had been made, as well as to remember
the argumentation behind the decisions.

The experiment shows that the decision diary technique
helps to prevent decisions from becoming arbitrary by forc-
ing participants to argument for or against them. In addi-
tion, the technique helped the participants to know what
had actually been decided and to keep a status of the
project.

In addition to the instructions for using a decision diary, the
participants developed new ways to use it. They used it, for
example, as an evolving documentation of user require-
ments as well as akind of log of user comments of the pro-

totypes.

Conclusion

Having evaluated the results of the experiment, I conclude
that my hypotheses have been supported.

The project was based on the fundamental assumption that
the quality of decision making is crucial for the quality of
the design of the system, and that more transparent and
explicit decision making is necessary in order to ensure real
participation in system development projects. I wish to
claim that more transparent and explicit decision making
processes lead to better decisions, especially where several
organizational cultures are involved. However, this is not a
directly testable hypothesis in this setting, since the project
was conducted by students who did not of course, come
from culturally different environments. But they played
roles, and it seems that users from projects using decision
diaries were more reflective and more integrated in the
decision process.

My working hypotheses were that:

+ Decision diaries make decision making more explicit.

o Decision diaries improve the quality of the system
design.

It seems clear that by using decision diaries the decisions
became more explicit and that the diaries could genuinely
be useful in clearing up misunderstandings, keeping track
of previous decisions etc. (cf. Section 7).

According to the criteria I used to evaluate the quality of the
prototype, I can claim that the hypotheses were supported
in that the users in the projects using decision diaries were
clearly more satisfied with the prototypes (summarized in
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Table 1). From a subjective point of view, this implies that
the prototypes were of better quality.

The use of decision diaries also seems to influence the qual-
ity of the whole prototyping process. Answers to the ques-
tions in the questionnaire indicate that participant leamt a
lot from using decision diaries.

To sum up, the experiment shows that the extensions to the
diary technique have been useful. Users were forced to reg-
ister decisions and to pay special attention to the argumen-
tation behind them. In other words, it seems that the
decision diaries help to focus on key issues of the system
development process.

An important result is also that user guidance on what to
include and how to use the decision diary was important.
The diaries were, in most cases used to organize the meet-
ings as well as the project itself, as prescribed in the user
guidance. This indicates the usefulness of user guidance
when using diaries. This approach to diaries has not been
examined in the context of earlier studies on the topic
(Jepsen et al, 89).

Some users also developed other application areas for the
diaries, such as logging the user requirements. This implies
that the technique is flexible and supports innovation. 1
regard this to be one of the most important criteria when
evaluating the usefulness of a technique.

Prototyping projects are normally conducted in many ways,
and a documenting technique has to be flexible. As reported
by Mathiassen and Stage (90), project management has to
be strengthened in prototyping projects.

As documented in the results of the experiment, the deci-
sion diary technique has proved to be flexible (it was used
in eight different ways). It can be claimed that in practical
prototyping situations, this technique will be useful exactly
because of this quality. The level of ambition and the ways
of use may have to be finely tuned, but the main principle
will be retained.

Experience from the use of decision diaries indicates that
the technique is a useful contribution to prototyping
projects in terms of organization and management, as well
as for documenting the prototyping process.
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