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Abstract Identifying accurate user requirements early in
the design cycle is of the utmost importance in system
development. The purpose of this study of requirements
elicitation was to compare the results of involving the user
early in the design cycle using a low-fidelity prototype with
the results of involving the user after a high-fidelity proto-
type was available. Three groups of potential users applied
the method of Scenario Acting. Participants in the first group
were given a working prototype of a human capital devel-
opment system. The participants of the second group were
given a detailed description of proposed features of the
system and were told to practice on a paper prototype or with
current methods, such as an Internet browser. These groups
then practiced the tasks for some time before participating in
the Scenario Acting. The third group received a brief
description of the objectives of the system and did not
practice the tasks. The results of the study showed that the
use of the high-fidelity prototype was not helpful for elic-
iting requirements when working with users. However, the
second group, taking time to practice the tasks given a low-
fidelity paper prototype outperformed the others. Further-
more, the analysis of the Scenario Acting sessions revealed
that two sessions were better than one, especially for par-
ticipants of the group working with a low-fidelity prototype.
An analysis of the topic of requirements showed that there
was no difference between the groups on the domain tasks
(here, human capital development), but the group practicing
on the high-fidelity prototype commented more on its ease
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of use and usefulness than the other two. By comparison, the
group practicing on low-fidelity prototype had more com-
ments on the practice of the work and output of the tasks.

Keywords User requirements - Scenario -
Scenario acting - Role playing - Requirements elicitation

1 Introduction

Project managers cite badly defined or excessive require-
ments as causes of software project failure along with
factors such as poor management, lack of budget and lack
of necessary technical skills [1-4]. Although badly defined
requirements are not the only cause of failure, it is one of
the topmost causes and, therefore, it is of the utmost
importance for software quality that the requirements of a
system be clearly identified. Starting with requirements that
represent and closely address a user’s needs is far less
costly than having to make changes after actual program-
ming is well underway. Boehm and Papaccio [5] estimated
that it costs 50-200 times more to fix or rework software in
the later stages than in the earlier phases of the life cycle.

Different terms are used for the act of determining which
features should be implemented, including requirements
gathering, requirements elicitation and requirements anal-
ysis. Preece et al. [6] chose the term ‘establishing require-
ments’ to indicate that the requirements are the result
of gathering and interpreting data and that the require-
ments represent the correct understanding of the needs of
the user:

“Requirements determination is about social, com-
munication, and managerial skills. This is the least
technical phase of system development, but if not
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done thoroughly, the consequences are more serious
than in other phases. The downstream costs of not
capturing, omitting or misinterpreting requirements
may prove unsustainable later in the process” [6].

Cheng and Atlee [7] summarised the state of the art of
requirements engineering for each of the five requirements
tasks, elicitation, modelling, requirements analysis, vali-
dation and verification and requirements management.
According to their classification, requirements elicitation
touches upon different techniques, including (1) identifying
stakeholders, (2) applying analogical techniques like met-
aphors and personas, (3) techniques that analyse stake-
holders’ requirements in a particular context, (4)
techniques for inventing requirements, such as brain-
storming, and (5) feedback techniques to elicit feedback on
early representations of the proposed system.

The work reported in this paper aimed to research
techniques in the last three categories of requirements
elicitation. By providing users with relevant tasks to
practice before a requirements elicitation session, the
objective was to determine whether familiarising users
with a particular context would assist the requirements
elicitation process. Second, a technique called Scenario
Acting, in which users act out requirements scenarios to
invent requirements, was used. Finally, this research
examined the helpfulness of providing users with a proto-
type to stimulate feedback on the proposed system.

Involving users has long been recognised as an
intrinsic part of the requirements phase [8]. Kujala [9]
states, ‘[S]ome evidence exists to suggest that taking
users as a primary information source is an effective
means of requirements capture’. There are many chal-
lenges associated with involving users in the requirements
analysis, but their involvement has been shown to affect
the final product in a positive way, to contribute to user
satisfaction and to increase the accuracy of the require-
ments. Researchers have invented various methods to
involve potential users in eliciting requirements, such as
observing users at work and/or carrying out interviews
with them related to the tasks they are performing. A
third method, role playing, joins developers with a group
of potential users. The objective is to create group
dynamics that are expected to increase creativity and
elicit better ideas from users. Role playing has been used
as a technique since the 1980s [10] and has been
researched in several different studies [11-13]. For the
designer to understand users’ implicit and non-verbal
needs, she may ask them to role play specific use-cases of
the product. That is, the designer asks users to create and
act out a scenario that relates to a task or tasks that may
be implemented and supported by the system being
developed.

@ Springer

Although the role playing technique has been the subject
of several papers, Svan@s and Seland [12] did not identify
any detailed guidelines on how to apply this technique.
They filled this gap by providing lessons they learned from
conducting six workshops. A similar technique, termed
Scenario Building, weaves together three aspects (users,
tasks and situations and the product), and the product may
be a loosely defined concept or a prototype [14].

Prototypes are frequently used in software development,
either as low-fidelity prototypes that are developed early
for requirements elicitation or validation or as high-fidelity
prototypes for validation. The use of prototypes for user-
interface evaluation has been studied [15, 16], but as far as
we can see, few comparative studies including prototypes
have been carried out for general requirements engineering
[17-19].

The effectiveness of techniques for requirements elici-
tation has been researched in a number of studies. Garmer
et al. [20] conducted a case study of focus groups and
compared the results with another study of focus groups
and usability testing. Whereas the usability tests let users
attend to the detailed requirements of the user interface, the
focus groups enabled users to learn about contextual issues.
Davis et al. [21] reported on a meta-analysis of 26 selected
empirical studies using structured interviews, which
appeared to be one of the most effective elicitation tech-
niques. Methods such as card sorting or thinking aloud
seemed to be less effective. They further reported that
studies have not found the use of intermediate representa-
tions to have significant positive effects on elicitation.
However, these findings were based on few empirical
studies and in many cases have not been replicated.

Seyff et al. [22] investigated the effectiveness of sce-
narios on requirements discovery, comparing different
forms of a scenario tool in scenario workshop walk-
throughs, including the use of a scenario tool together with
a first prototype of a learning system and creativity
prompts. The results of this study showed that the session
using a prototype produced more requirements than the
non-prototype session. There is also further anecdotal
evidence that prototypes are useful for gathering require-
ments and practitioners advice software companies to
never visit a client without them [23].

Accepting the importance of the early discovery of the
requirements, we sought to answer the following question:

Is there a way to elicit the true requirements from
future users of a system early in the software devel-
opment cycle, or do the users need a high-fidelity
prototype to be able to comment on missing, inade-
quate or incorrect features?

To further support the main question, additional ques-
tions were considered:



Requirements Eng (2012) 17:157-170 159

Fig. 1 A screenshot from a
Hi-Fi prototype of the
HCD-suite
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1. Is a high-fidelity prototype necessary for users to
convey missing, changed or excessive requirements of
the system?

2. Isitpossible to get as much feedback from participants
who are not exposed to a conceptual model of the
system through task practicing before an elicitation
session?

2 Study design

This section describes the research study conducted to
answer the questions put forward in the previous section.
First, the domain of the study is explained. Next, the
requirements elicitation technique, Scenario Acting, is
described, and finally, the process and activities of the three
groups that participated separately in the requirement
elicitation process are outlined.

2.1 Learning with the human capital development suite

The study is about eliciting requirements for a system that
will aid employees and managers in human capital
development. This system, the HCD-suite, is innovative
software that supports the training management life cycle,
i.e. the steps that should be taken before, during and after
a training measure. In addition, it distinguishes between
the following four phases of the training management life

cycle: (1) the learning goal definition and training needs
analysis, (2) the selection and planning of training mea-
sures and the learning resource delivery, (3) coaching of
the learning process and evaluation and (4) the transfer
and outcome analysis. Typical tasks of this system would
be, e.g., to register an employee’s learning goals, find a
course that meets these goals and an employee is inter-
ested in taking, register for a course and stay in touch
with employee’s managers and instructors of the course
(Fig. 1).

The Learning Life Cycle, which is the basic concept of
the HCD-suite design, is based on the work of Seeber [24].
The central design element of the HCD cycle is a workflow
that engages potential learners, managers and human
resources developers in a collaborative decision process to
choose the right training measure. The goal-driven
approach of the HCD-suite triggers the alignment of
training selections with the explicit and implicit learning
goals of individuals and organisations. Moreover, the HCD
workflow triggers the evaluation of learning resources at
the various stages of the HCD cycle, from the expectation
analysis to the transfer analysis.

2.2 A requirements elicitation process
As Rudd et al. [25] pointed out, users may not be able to

articulate their requirements, but they can talk about their
goals and how they handle their tasks; from that, the
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system designer can find the solution that the user needs.
From Svanas and Seland [12] came the idea to have par-
ticipants improvise scenarios and act them out. In the lit-
erature, the activity to engage users in creating scenarios
and acting them out has been termed scenario building or
role playing. In this paper, we have chosen to term it
Scenario Acting to reflect the process described herein. The
idea to conduct more than one Scenario Acting session
came from Smith et al. [26], who asserted that users in a
single session were more likely to focus on details rather
than the big picture. Hence, in this study, a few days after a
Scenario Acting session, a facilitator met individually with
participants to inquire further about certain points of
interest noted during the Scenario Acting session. This was
a reflection exercise designed to get the most out of the
acting sessions. Asking participants to log their activities
was an attempt to get a better idea of what participants
were thinking as they completed these tasks [27].
Participants in each group were divided into two teams
consisting of two or three users. They were instructed to
create a scenario related to several tasks and then act them
out twice for the other team(s). During the first run-through
of the Scenario Acting, the non-actors (audience) were
encouraged to make notes of any questions or comments
that they wanted to bring up during the second round of the
performance. Then, the teams reversed roles; the audience
turned to acting and the actors made notes. During the
second round, the teams acted out their scenarios again.
This time, participants were interrupted with questions and/
or comments. Each Scenario Acting session took 90 min.

2.3 Experimental design: allocation of activities
to groups

The research method applied was an experiment set in the
field of a telecommunication company. Qualitative data
were collected, and the researcher was assisted by two
employees of the participating company, one from the
Research Department and the other from Training Devel-
opment. They served as liaisons between the researcher and
the participants and probed the participants during the
Scenario Acting sessions.

The study included fourteen participants, all employees
of a telecommunication company, and their ages ranged
from 24 to 60. Their job experience at the company varied,
ranging from under 6 months to over 10 years. All the
participants purported that their computer use at work was
constant, and all but one claimed to use the Internet many
times daily.

This study used three instruments: a high-fidelity, fully
functional prototype; a low-fidelity paper prototype with an
Internet browser for search tasks; and finally a written
description of the system. The participants were divided
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Table 1 Allocation of activities to groups

The Hi-Fi The Lo-Fi The
prototype prototype control
group group group

Tasks introduced X X X

Work on tasks, during X X

practice time

Use a working prototype X

Scenario Acting I X X X

Scenario Acting II X

Reflection X

into three groups (see Table 1): the Hi-Fi prototype group,
the Lo-Fi prototype group and the control group. The first
group, the Hi-Fi prototype group, was given access to a
high-fidelity prototype of the HCD-suite system during a
2-week practice period. The participants were instructed to
use this tool to enter their learning goals, book courses and
then to have them accepted or rejected by their manager or
supervisor. They were also asked to answer surveys offered
by the system. None of the participants had used the Hi-Fi
prototype prior to the experiment.

During a 2-week practice time, the employees in the Lo-
Fi paper prototype group were instructed to write down
their educational, personal and advancement goals using
pencil and paper. The Lo-Fi prototype consists of paper
forms, which included instructions for this. The forms
supported the same tasks as the Hi-Fi group carried out, but
the look of the interface was different. They then searched
for courses to meet these goals and booked them with an
Internet browser and by e-mail. (Note that the purpose of
the Lo-Fi prototype is to serve as a low-level artefact to
help participants engage in the tasks, but not to be a paper
version of the future system’s interface.) Finally, they had
to keep track of the fulfilment of their goals and answer
surveys. As we said above, both groups, Hi-Fi and Lo-Fi
groups, had 2 weeks to work on these tasks, and they were
asked to keep Activity Logs. The third group, the control
group, was introduced to the features of the HCD-suite at
the Scenario Acting session. This group did not carry out
any of the tasks the other two groups did and thus did not
receive any practice time. All participants were asked to
comment on features that were either missing or irrelevant
and were asked to suggest changes that could improve the
system. Through this process, missing, irrelevant or chan-
ged requirements to the future system were gathered.

The study process, preparing participants for Scenario
Acting, varied between the three groups. The Hi-Fi pro-
totype and the Lo-Fi prototype groups participated in a
preparatory meeting. During this meeting, each group was
informed about the features of the system, using slides, and
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instructed how to complete the following tasks, which were
in accordance with the process of the Learning Life Cycle:

Log onto the HCD-suite (only the Hi-Fi group)
Check the company’s goals

Create personal goals

Search for courses

L=

a. that are available on the HCD-suite (only the Hi-Fi
group) and
b. on the Internet with a web browser

Sign up for courses and attach them to a goal
Have supervisor accept or reject a course
Participate in a course

Answer surveys on the course sent via e-mail

o N W

All participants, practicing tasks, were given forms to log
their activities. For the Activity Logging, they were asked to
approximate the time they took to complete the tasks, the
type of activity performed, and any questions and/or insights
they might have while completing that task. After 2 weeks,
the first Scenario Acting session took place. Scenario Acting
was introduced to participants through a demonstration of
acting of a restaurant scenario unrelated to the human capital
development application. Then, the facilitator asked the
participants to act out scenarios involving the tasks listed
above. The Scenario Acting session was followed by
Reflection Meetings of 15-30 min with individual partici-
pants where the researcher asked participants to reflect on
selected items from the Scenario Acting. A second Scenario
Acting session took place 1 week after the first one.

The control group was treated differently. Participants
of that group did not receive any practice time like the
other two groups did, but had the features of the system
explained to them. They received an overview of the fea-
tures of the HCD-suite with slide presentations, and the
following tasks were explained and discussed:

Analyse needs and define goals of learning
Plan and select training materials

Manage and evaluate learning

Analyse transfer and outcome of learning

b

This was followed by a Scenario Acting session, as with
the two other groups.

2.4 Collection of the data

The qualitative data gathered from the participants were
represented in three different ways: (1) Scenario Acting
sessions, (2) Activity Logs and (3) Reflection Meetings.
Activity Logs were diaries of activities kept by participants
during the preparatory phase. The Scenario Acting sessions
were videotaped, and written notes were made at the
Reflection Meetings.

The statements made at the Scenario Acting sessions
were transcribed and logged into a database along with
statements collected from the Activity Logs and Reflection
Meetings. The analyst (the first author of this paper) coded
the statements in the database, with each code represented
by one idea and identified by a sentence. Hence, one or
more statement instances from the same group that had
essentially the same meaning were coded with the same
sentence. The coding for this study was done by creating
first a coding scheme such that the first author coded parts
of the data and discussed it with the second author. This
was carried out iteratively. After the first coding scheme
had been created, a second coding scheme was similarly
created, the one which is reported in the paper. Moreover,
an independent coder, not in the author group, has
reviewed the coding, without seeing reasons for major
changes.

3 Analysis and results
3.1 Frequency of requirements elicited

In analysing the results of this experiment, it was appro-
priate to note the total hours each group spent on the
meetings and on the tasks during the preparatory period
(Table 2). Because the participants did not always indicate
the time spent on the tasks they logged, the overall time
was underestimated.

The total number of statements per group for the groups
Hi-Fi prototype, Lo-Fi prototype and control was 68, 74
and 33, respectively. The analyst uniquely filtered the
statements into sentences within each group. Looking at the
average number of statements per sentence, there was not
much difference between the Hi-Fi prototype (1.77) and the
Lo-Fi prototype groups (1.76), but the average was lower
for the control group (1.22), which had only one Scenario
Acting session.

Table 2 Time spent by participants in the three groups

The Hi-Fi  The Lo-Fi  The
prototype  prototype  control
group group group
Number of participants 6 3 5
Time (hour:minutes)spent Oh:30m Olh:30m OhOm
on tasks during practice
period, according to a log
Total time spent on tasks and 32 h 14h:15m 7h55m
meetings
Average time spent per 5h20m 4h45m 1 h:35 m

participant
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When looking at the number of statements for the sen-
tences of the three groups, the Lo-Fi prototype group had
the most singleton sentences (i.e. one statement instance
behind each sentence) or 26. Conversely, the control group
had mostly singletons (23 out of 27). This was expected
because the control group had only one Scenario Acting
session. The Hi-Fi prototype group had the most sentences
with multiple occurrences (i.e. fourteen twins, four triplets,
one quadruplet and one quintuplet). However, an ANOVA
showed that there was only a marginal statistically signif-
icant difference in frequencies between the groups, with
F(1,2) = 2.818, N = 107 and p = 0.06. A further post hoc
analysis with a Tukey’s test revealed that there was a
marginal difference in frequency between the Hi-Fi pro-
totype and control groups (p = 0.074). The adjusted R* of
0.033 was very low, meaning that a group only contributed
in a small way to the frequency of sentences.

3.2 New features, changes, observations and stated
quality requirements

To determine whether different prototype fidelities and task
practicing had an effect on the suggested requirements, the
differences between the three groups with respect to the
categories of new features, changes, observations or eval-
uations and stated quality requirements were analysed
(Tables 3, 4). Whereas new features, changes and stated

Table 3 Coding according to observations or suggested changes

Title of code Explanation

New additional
features

New feature is suggested

Major change Suggestion implies major changes

Minor change Suggestion implies minor changes

Observation Observation of current work practice or
feature of the system
Quality Stated requirements (e.g., regarding usability
requirements or performance)
stated

Table 4 Changes, new features, observations and requirements

The Hi-Fi  The Lo-Fi  The Total
prototype  prototype  control
group group group
Changes 24% (9) 10% (4) 11% (3) 16
New additional 24% (9) 48% (20)  37% (10) 39
features
Observations 53% (20)  36% (15) 52% (14) 49
Quality requirements 0% (0) 7% (3) 0% (0) 3
Total 100% (38) 100% (42) 100% (27) 107
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quality requirements can be translated into modified
requirements to the system under development, observa-
tions are positive or negative statements about the system.
We found that of the three groups, the Lo-Fi prototype
group had the most suggestions for new features (51%) and
the Hi-Fi prototype group had the highest number of
changes (56%).

An example of a new feature was (#174) ‘a manager
needs to advertise the courses which he wants to achieve’,
and an example of a change was (#55) ‘important to
translate into a native language’. In addition, the Hi-Fi
prototype group made somewhat more observations (40%
compared to 31 and 29% for the Lo-Fi prototype and the
control groups, respectively).

The observations made by the participants were either
negative or positive (e.g. negative: ‘Can’t book a course’ or
positive: ‘Motivates me to think about why I want to take
the course’). Examples of quality requirements were
statements about usability and performance, such as ‘The
system should have low response time’. Interestingly, the
Lo-Fi prototype group was the only group making quality
requirements. Within each group, we saw that the majority
of sentences within the Hi-Fi prototype and the control
groups were observations (53 and 52% of the groups’
sentences, respectively), but the Lo-Fi prototype group
mostly suggested new features (48%). A chi-square anal-
ysis showed that the type of suggestions significantly
depended on the type of group (y* = 12.350, df = 6,
p = 0.055, N = 107).

We examined whether there was a large overlap of
suggestions between the three groups (Fig. 2). The Hi-Fi
prototype and the Lo-Fi prototype groups shared five
suggestions for new additional features. There were three
suggestions common to the Lo-Fi prototype and the control
groups, but there were no suggestions on new additional
features shared by the Hi-Fi prototype and the control
groups.

) 12
12 m Unique in groups
101 m Common in Hi-Fi
Prototype and Lo-Fi
s - 7 Prototype groups
Common in Lo-Fi
6 i 5 5 Prototype and Control
p roups
N 3 3 group
, b
o i i . 0 —
P T T .'

The Hi-Fi The Lo-Fi The Control
Prototype Prototype group
group group

Fig. 2 Bar graph of new additional features of the three groups
indicating both unique features and features suggested by more than
one group
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Fig. 3 Requirements—new additional features, changes and quality
requirements

Finally, Fig. 2 shows that there was a greater number of
unique new additional features suggested by the Lo-Fi
prototype group (12) than by the control group (7).

Excluding observations, Fig. 3 shows the comparison of
the three groups in terms of requirements made by the
participants (i.e. the number of sentences coded as new
additional features, major changes and minor changes and
quality requirements). The Lo-Fi prototype group sug-
gested more changes and additions than the two other
groups, 24 compared to 18 and 13 by the Hi-Fi prototype
and the control groups, respectively. When further distin-
guishing between minor and major changes, we saw that
the difference between the groups lays in the number of
minor changes, of which the Hi-Fi prototype group had the
most, or 6.

It is notable how little difference there was between the
two groups, Hi-Fi prototype and control, considering that
participants of the Hi-Fi prototype group had two Scenario
Acting sessions and 2 weeks to work on the tasks, whereas
participants of the control group had only one Scenario
Acting session and had the system described to them at the
same session. A contributing factor was that the prototype
limited the participants in the Hi-Fi prototype group
because it hindered the participants’ overview of the fea-
tures. Apparently, neither practicing of tasks nor the second
Scenario Acting session could compensate for the Hi-Fi
prototype. Compared to the control group, more time was
spent familiarising the Lo-Fi prototype group participants
with the tasks of the system, and they spent time com-
pleting those tasks manually. In contrast, the participants of

the control group did not have the advantage of having
days to think about the tasks. Furthermore, the Lo-Fi pro-
totype group participants had two Scenario Acting sessions
and a Reflection Meeting in addition to their introduction
meeting, while the control group participants had only one
session combining the introduction with the Scenario
Acting. It should also be noted that the Lo-Fi prototype
group had fewer participants than the control group.

This analysis concluded that compared to neither having
a high-fidelity prototype nor a practice period (the control
group), a high-fidelity prototype with a practice period
provided a higher number of minor changes and a higher
number of observations. Comparing a low-fidelity proto-
type (i.e. paper and the Internet browser) to a high-fidelity
prototype with a practicing period for both instruments, the
low-fidelity prototype led to a larger number of suggested
new features. Thus, to make the most of requirements
gathering during the formative stage, a low-fidelity proto-
type with a practice period is desirable for generating both
the most new features and the most new unique features.

3.3 Requirements related to the domain and system

Considering the suggested changes, additions and obser-
vations of the three groups, it was worthwhile to see
whether there was any difference between the groups
regarding the topics addressed by the participants. For
example, it could be interesting to see whether one group
discussed more domain-related topics, user interface-rela-
ted topics, system-related topics or quality-related topics
than another did. The sentences were labelled according to
the codes shown in the first column of Table 5 with the
qualitative analysis methods explained in Sect. 2.4. The
table shows the number of sentences per code in each of the
three groups. The final column of Table 5 shows a different
broader category of the codes: Practice of work, Ease
of use and usefulness, Output and access and Learning
process. Table 6 presents an analysis of these categories
across the three groups.

Table 6 shows that most of the sentences that were
coded as usefulness or ease of use issues (19 occurrences,
or 73% of all such sentences) came from the Hi-Fi proto-
type group. An example sentence coded as New-ease-of-
use was ‘configure a page to include what I use most’ or ‘a
user can configure the page as he likes best’ (#40). In
comparison, there were four sentences in this category in
the Lo-Fi prototype group and only three in the control
group. The three sentences from the control group cate-
gorised in Usefulness and Usefulness+ codes were partic-
ipants’ observations of seminars that they had participated
in or heard of. These were not system related (e.g.
‘employees need more encouragement to book a seminar’).
Moreover, participants from the Hi-Fi prototype group had
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Table 5 Coding relating to

. Code name  Description of code Number of sentences per Catego:
features—cells with more than P ou P £ory
four sentences are in bold group
Hi-Fi Lo-Fi  Control
group  group
Current How things are practiced now 3 6 3 Practice of
practice work
Ease of use  Negative comments on ease of use 5 Ease of use and
- usefulness
Ease of use  Positive comments on ease of use 1 Ease of use and
+ usefulness
Feature- Already a feature of the system relating to 1 3 1 Output and
access access access
Feature- Already a feature of the system relating to 2 3 Learning
evaluation evaluation of learning process
Feature-goal ~Already a feature of the system relating to 3 1 2 Learning
setting goal setting of learning process
Feature- Already a feature of the system relating to 1 2 Learning
request requests learning process
Feature- Already a feature of the system relating to 1 2 2 Learning
search searching for courses process
Future How work should be practiced in the future 1 2 Practice of
practice independent of the system work
New-access New feature relating to access 4 Output and
access
New-ease of New feature relating to ease of use 4 4 Ease of use and
use usefulness
New- New feature relating to evaluation 1 2 5 Learning
evaluation process
New-future =~ New feature relating to future practice 2 6 4 Practice of
practice work
New-goal New feature relating to goal setting 5 5 1 Learning
setting process
New-output  New feature relating to output 3 Output and
access
New-search  New feature relating to search 2 1 1 Learning
process
New- New feature relating to usefulness 2 Ease of use and
usefulness usefulness
Usefulness Comment on usefulness 1 2 Ease of use and
usefulness
Usefulness ~ Negative comment on usefulness 4 Ease of use and
- usefulness
Usefulness Positive comment on usefulness 2 1 Ease of use and
+ usefulness

the prototype to deal with and they, understandably, were
focused on the details of the usability and ease of use of the
system. Thus, we concluded that the prototype tended to
draw the participants’ attention away from missing or
inadequate requirements because they focused on dealing
with the system itself.

Looking only at those topics that were related to the
activities of the learning process, such as goal setting,
searching, requesting a course and evaluation, there was
not much difference in numbers between the groups (13, 15
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and 14 occurrences for the Hi-Fi prototype, Lo-Fi proto-
type and control groups, respectively). However, propor-
tionally within the group, the control group commented
most on Learning processes. An example of a sentence in
New-goal setting was ‘throw out the goals when they have
been achieved 100%° (#89). In a category related to the
learning processes, the category of Practice of work, the
Hi-Fi prototype group had three sentences, the Lo-Fi pro-
totype group had seven sentences, and the control group
had five sentences. A typical example of a sentence in this
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Table 6 System-oriented versus domain-oriented sentences

The Hi-Fi  The Lo-Fi The Total
prototype  prototype  control
group group group
Practice of 13% (5) 31% (13)  33% (9) 25% (27)
work
Ease of useand  50% (19) 10% (4) 11% (3) 24% (26)
usefulness
Output and 3% (1) 24% (10) 4% (1) 11% (12)
access
Learning 34% (13)  36% (15) 52% (14) 40% (42)
process
activities:
goal, search,
request,
evaluation
Total in groups 100% (38) 100% (42) 100% (27) 100% (107)

category was ‘The system needs to manage job descrip-
tions’. Finally, when considering topics related to output
and access, e.g. feature-access, new-access and new-out-
put, which we classified as system-related topics, the Hi-Fi
prototype and the control groups stated one sentence each
and the Lo-Fi prototype group stated ten. An example of
such a sentence was ‘Need to be able to print information, a
list of goals, courses, etc’.

As mentioned previously, the sentences were coded into
the categories described in the last column of Table 5, i.e.
Practice of work, Learning process, Ease of use and use-
fulness and Output and access. We classified the two for-
mer categories, Practice of work and Learning process, as
related to the domain, while the two latter categories, Ease
of use and usefulness and Output and access, were related
to the system. An overview of the aforementioned analysis
is provided in Table 6. A chi-square analysis revealed that
the topic of the sentence depended strongly on the group
(7> = 30.745, df = 6, N = 107 and p = 0.000).

This analysis concluded that the Hi-Fi prototype group
is mostly focused on ease of use and usefulness and
outnumbers by far the other two groups. As expected, a
high-fidelity prototype is needed to motivate discussion
on ease of use. The Lo-Fi prototype group more or less
evenly divided its comments across Practice of work,
Learning process activities and Output and access. Of the
three groups, this group had far the most comments in
that last category. This might have been because they
used a web browser during the practice time. The control
group focused most suggestions on Learning process
activities, followed by Practice of work. A conclusion
can be that the less system-related artefacts a group has,
the more focus the discussion is on domain-oriented
topics.

3.4 Domain- and system-related requirements and type
of statements

In this section, we studied the relationship between the
topic code introduced in the previous section and the new
features, changes and observations discussed in Sect. 3.2.
The goal was to see if the topics determined whether
sentences were suggestions of changes, additional features,
observations or quality requirements. We examined the
relationship between the four topics (Practice of work,
Ease of use and usefulness, Output and Access and
Learning process) and the three groups of Hi-Fi prototype,
Lo-Fi prototype and control within each code type of
changes, new additional features, observations and quality
requirements. The results of a chi-square analysis showed
that there was not a statistically significant dependency
between topics and groups within the suggested changes
(p = 0.113), but there was clearly a significant dependency
between topics and groups within new additional features
(> =17.728, df =6, N=239, p<0.05) and within
observations (y> = 15.221, df = 6, N = 49 and p < 0.05).

The Hi-Fi prototype group made most of its observa-
tions (see Fig. 4) on the topic of Ease of use and usefulness
(11 out of 20). Of the three groups, the Lo-Fi prototype
group was the frontrunner in observing Practice of work,
and proportionally, the control group observed Learning
process activities the most.

Taking only sentences that suggested new features (see
Fig. 5), the sentences of the Hi-Fi prototype group were
divided among Learning process activities and Ease of use
and usefulness. What is interesting is that the Hi-Fi group
can suggest new additional features for Learning process
activities. The Lo-Fi prototype and the control groups
discussed new features of Practice of work, and

M The Hi-Fi Prototype M The Lo-Fi Prototype The Control group

group group
124 11
104"
8 7
3 6 6
614" 5
a4 3 3 3 3
. 1 1
0 T T T 1 =
Practice of Ease of use and Output and Learning
work usefulness access process
activities: goal,
search,
request,
evaluation

Fig. 4 Observations—topics by group
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® The Hi-Fi H The Lo-Fi The Control group Table 8 Groups by session—filtered sentences
Prototype group Prototype group
7 7 First expressed in/ The Hi-Fi prototype The Lo-Fi prototype
7+ 6 group group group
61 5 s Session I 66% (25) 26% (11)
51 4 Session II 34% (13) 74% (31)
4y 3 Total 100% (38) 100% (42)
24 a1 1
147 0 0 0
0z . . . Table 9 Topics discussed in sessions I and II
Practice of Ease of use and Output and Learning Session The Hi-Fi The Lo-Fi Total
work usefulness access ‘p!'(?cess prototype prototype
activities: goal,
search, request, group group
evaluation Practice of 1 3 5 8
Fig. 5 New additional features—topics by group work I 8 10
Total 5 13 18
additionally, the Lo-Fi prototype group was the only group  Ease of use and I 11 0 11
that suggested new features for the topic of Output and usefulness I 8 4 12
access. Total 19 4 23
Output and I 3 4
3.5 Repetitions between Scenario Acting sessions access 11 0 7 7
Total 10 11
To determine whether participants behaved differently in [ earning I 10 3 13
the two sessions, I and II, we further analysed the data from processes II 3 12 15
the Hi-Fi prototype and Lo-Fi prototype groups. Table 7 Total 13 15 8

shows the distribution of the unfiltered statements among
Scenario Acting sessions in the two groups. In the first
Scenario Acting session, and the only one for the control
group, the participants voiced 33 sentences. The Hi-Fi
prototype group had slightly more sentences in the first
scenario session (54%) than in the latter. Conversely, the
Lo-Fi prototype group had considerably more sentences in
the second scenario session (68%).

Because we were only concerned with groups that had
two sessions, we eliminated the control group from the
following analysis. The goal was to see whether it was
worthwhile to hold the second session (i.e. how many
additional sentences were expressed in the second session
and whether there was a difference between the groups or a
difference in topics between sessions). Table 8 shows that
the Lo-Fi prototype group was slower in getting started and
definitely needed the second session, with only 34% of the

Table 7 The groups’ unfiltered statements in sessions I and II

The Hi-Fi The Lo-Fi The control
prototype prototype group
group group

Session I 54% (37) 32% (24) 100% (33)

Session 11 46% (31) 68% (50) 0

Total 100% (68) 100% (74) 100% (33)

@ Springer

sentences expressed during the first session. Conversely, it
seemed that the Hi-Fi prototype might have helped par-
ticipants of that group express requirements immediately in
the first session.

To determine whether session I was sufficient, we ana-
lysed the topics of the sentences discussed in session II that
had not been discussed in session I (Table 9). An analysis
of the topics discussed in the session for each group
showed a statistically significant dependency for the
Learning process sentences between groups and sessions,
with the Lo-Fi prototype group expressing more sentences
on Learning process in the latter session (twelve in the Lo-
Fi prototype group vs. three in the Hi-Fi prototype).
However, the Hi-Fi prototype group expressed more sen-
tences in the former session (ten in the Hi-Fi prototype
group vs. three in the Lo-Fi prototype group). A chi-square
analysis revealed a significant difference in discussing the
Learning process in sessions between the groups
(7> =9.073,df = 1, N = 28 and p = 0.003).

3.6 Summary of results
The frequency of the sentences depended marginally sig-

nificantly on the groups. The control group, in which only
one session was conducted, had the lowest frequency.
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The type of suggestions (new features, changes or
observations) depended significantly on the groups, with
the Lo-Fi prototype group suggesting the most new features
and the Hi-Fi prototype group making the most observa-
tions. The Lo-Fi prototype group suggested the most
unique features.

The topic of the sentences was significantly dependent
on the groups. The Hi-Fi prototype group discussed Ease of
use and usefulness the most, while the Lo-Fi prototype
group discussed Output and access and Practice of work
the most. The control group focused most of its suggestions
on Learning process activities followed by Practice of
work.

A further breakdown of the topics by the categories of
new features and observations revealed that the control
group discussed Practice of work and Learning processes
when suggesting new features. The Lo-Fi prototype group
followed a similar pattern in addition to commenting on
Output and access. Finally, observations made by the Hi-Fi
prototype group were on Ease of use and usefulness.

Analysing the sessions (I or II) in which the Hi-Fi
prototype and Lo-Fi prototype groups voiced their sen-
tences, the Lo-Fi prototype group was the slow starter, with
more sentences at the later session. In contrast, the Hi-Fi
prototype group had more sentences in the first session.
Finally, the Lo-Fi prototype group discussed the Learning
process more in the second session than in the first.

4 Discussion

The purpose of this experiment was to find out whether
there was a way to elicit requirements from future users of
a system early in the software development cycle or whe-
ther they needed to have a high-fidelity prototype. Could
users who only had the features of the system described to
them produce as many new or changed requirements as
users who were able to work on a prototype to familiarise
themselves with the system? We can conclude that the
users who had the system described to them without the aid
of the high-fidelity prototype were able to produce a greater
number of new or changed requirements than users who
worked with it. In this respect, working with the prototype
was more of a hindrance for the users. The users with the
Hi-Fi prototype got so involved with the details of the
system that they got distracted from contemplating new or
changed features. Their comments were focused on issues
such as ease of use and usefulness more than those of the
other groups.

We expected that the prototype would force the partic-
ipants of the Hi-Fi prototype group to focus on working
with the system, which would cause them to be less
focused on what could be changed or added. The data

supported this theory, at least partially. The collected data
showed that participants of the Lo-Fi prototype group
produced more of the new additional features, and the
participants of the Hi-Fi prototype group produced more
minor changes than participants in the other groups did.
This supported the expectation that participants using the
Hi-Fi prototype tended to be less focused on additional or
different features for the system. We also expected the
control group to produce fewer overall changes, which they
did, but we expected the difference to be greater.

We expected that there would be a greater difference
between the groups in terms of how much they discussed
the Learning process, but the results showed that overall
the control group had slightly more than expected sen-
tences in this category and consistently for the individual
codes of changes, new additional features and observations.
The difference lays more in the Output and access topic,
which the Lo-Fi prototype group discussed more often, and
in the topic of Practice of work, for which the Lo-Fi pro-
totype and the control groups had more suggestions of new
features. The Hi-Fi prototype group was most concerned
about Ease of use and usefulness. Broadly speaking, we
concluded that those groups having some type of prototype
were more focused on system-related issues, such as output
and access and ease of use and usefulness than those not
having a tool.

Regarding the question of whether it is necessary to
create a working prototype before involving the users in the
requirements elicitation process, it seems that the users can
contribute to the requirements without the aid of the pro-
totype. In fact, the high-fidelity prototype was found to be a
poorly suited tool for obtaining requirements from users.
This study also found that a paper prototype of a system
and search tool, such as the tool used by the participants of
the Lo-Fi prototype group, had great value in early
requirement gathering.

The analysis of repeated sentences between sessions
revealed that there was definitely a benefit in holding a
second session. The Lo-Fi prototype group was a slow
starter and needed the second session to discuss the
majority of the requirements. For the Learning processes in
particular, the Hi-Fi prototype group was quicker in getting
to this subject in the first session.

Another question we pondered regarded the time spent
with the users who did not work with the high-fidelity
prototype (i.e. Lo-Fi prototype and control groups). The
users who were given time to work on the tasks of the
system for 2 weeks and also had two Scenario Acting
sessions and a Reflection Meeting (the Lo-Fi prototype
group) produced considerably more new and changed
requirements than the group that only had one meeting (the
control group). Therefore, we concluded that spending time
with the users and giving them time to familiarise
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themselves with the system produced better results. This
was in agreement with work published previously by
Garmer et al. [20]. To see further whether this was due to
the practicing of the tasks or the second Scenario session,
we looked at the overall sentences by sessions. The data
indicated that practicing the tasks was actually a hindrance
for the Lo-Fi prototype group as they produced only 11
sentences during the first session compared to 27 of the
control group. It would be worthwhile to repeat this study
in the future by planning two scenario sessions for each
group Lo-Fi (with task practicing) and control (without
task practicing). As we see from this study, one of the
difficulties in doing studies of task practicing is that the
time participants report on the practicing of tasks may be
underestimated.

5 Validity and reliability of the results
5.1 Internal validity

When we assessed the validity of the research design, we
determined that two items could be a threat to the internal
validity of the results. First, there was not an equal number
of participants in each group. Having fewer participants in
one group could either have the effect of having fewer
sentences, if we assumed that sentences are voiced per
person, or it could have the effect of more sentences
because of the social effect between the participants.
However, we divided each group into teams and each team
performed in turn, which could be seen as mitigating this
risk. A second threat to validity was that for the control
group, two conditions were changed (i.e. the participants
could not practice, and they only had one session to discuss
the requirements of a future system). Thus, it might be
difficult to deduce whether their behaviour, if different
from the other groups, was due to the lack of practicing
tasks or to the single session.

Another possible threat to validity may be the small
number of participants and their selection. The participants
of this study were recruited from a group of participants
undergoing continuing education in a company. They were
randomly selected to the three groups. The main danger is
that the number of sentences produced by the participants
was too small and somehow biased. A statistical power
analysis [28] showed that the sample allowed us to detect
differences if they are moderate, as the effect size for
number of sentences, N = 107 was w = 0.36 with
alpha = 0.05 and beta equal to 0.20. (A small effect size is
w = 0.1, moderate is w = 0.3, and large effectis w = 0.5.)
[29, 30]. Thus, in cases where no difference between
groups was detected, we cannot exclude that if these dif-
ferences were small, our sample was not able to detect
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them. This is especially true for Sect. 3.4 when we compare
the topics of the different groups within the type of sug-
gestions where the number of sentences in each category is
much lower. The low frequency of the sentences in Sect.
3.1, i.e. number of statements behind each sentence, can
indicate that the study may have benefitted from having
more teams for each group. Although not an uncommon
frequency pattern in studies comparable to this one [31],
having more teams could result in better convergence of
sentences. Also, since the work is performed in groups,
team members may influence each other, especially with
dominant members, and there can be variations between
groups. These problems are to some extent also found in
focus groups and have been address in the literature [32].
However, the method Scenario Acting secures that all
participants actively participate, since the facilitator
ensures that everyone takes turn in acting out the scenarios
and commenting as part of the audience to the acting
group. Furthermore, the disciplined method of coding the
communication into sentences and statements ensures a
methodological way of analysing the data.

5.2 External validity

The answer to the question of whether we can generalise
the findings of the experiment is the same in this study as
with any contextual experiment: There are always envi-
ronmental factors that must be considered. In particular,
two factors should be mentioned that could threaten
external validity, the domain of the study and the expertise
of the participants. Although the study has been applied in
the particular domain of learning, the results can probably
be extended to other domains, which apply similar pro-
cesses of goal setting, search, selection and evaluation or
other processes in the corporate context. Concerning the
second factor, then the participants were typical corporate
users in the domain, neither experts in requirements elici-
tation nor learning. Neither of these factors are major
threats but are raised here to show possible limitation to
those wanting to apply the methods in other domains that
have very different characteristics from the one used in this
study.

5.3 Reliability of coding

Coding of statements is subjective to the researcher ana-
lysing the data. The coding in this study was carried out
according to grounded theory, i.e. analyst reads the data
and identifies codes that will help him or her understand it
and associate meaning to it. Hence, the coding scheme is
not prepared beforehand but emerges from the data. This is
a subjective process and never a mechanical one. It
is meant to increase the analyst’s understanding of the data,
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help him or her derive knowledge from it, but the resulting
coding scheme will depend partly on his or her objectives
of the study and on own knowledge of the subject. A
number of factors influence its reliability, such as the
analyst’s experience of the domain and his or her fluency
with qualitative analysis methods. A few techniques can be
used to decrease the unreliability of the coding. One is to
have two or more researchers develop the code, thus doing
a pilot study with parts of the data, reaching an agreement
and iterating this process until all the data have been coded.
It should be noted that this will always be a collaborative
effort and only done independently by the coders for parts
of the data. A second method is a member check, i.e. by
asking the interviewee about the coding and receiving a
confirmation from them [33]. Third is to ask the coder to
recode the initial data to examine the intra-coder agree-
ment. This study has used the first method above.

6 Conclusion

At the onset of this study, we asked whether users would need
a high-fidelity prototype to discover requirements and
whether they would benefit from preparing for a Scenario
Acting session by practicing the tasks to be realised by the
system. From this study, we conclude that users who have the
system described to them with the aid of a low-fidelity pro-
totype are able to come up with a greater number of new or
changed requirements than users who work with a high-
fidelity prototype. Working with the Hi-Fi prototype
appeared to be a hindrance for users, as they become so
involved with the details of working the system that they
became distracted from contemplating new or changed fea-
tures that it may have been appropriate for them to suggest.

This study also tried to determine the value of having
users familiarise themselves with the tasks of the system in
question. For this purpose, the Lo-Fi prototype and control
groups were compared. The users who were given time to
work on the tasks of the system for 2 weeks and had two
Scenario Acting sessions and a Reflection Meeting (the Lo-
Fi prototype group) produced considerably more new and
changed requirements than the group who did not practice
the tasks and only had one meeting (the control group).
Further work could include research into whether this was
due to practicing of tasks or the second Scenario Acting
session.

In addition to the findings on the usefulness of different
prototype fidelities and the efficiency of task practicing, the
method of user involvement applied by the Lo-Fi prototype
group demonstrated our contribution to devising a viable
method of involving users in establishing requirements.
When implementing this experiment, we devised a method
to involve potential users in establishing the requirements

for a system early in the design cycle. As with all methods,
their application will spur ideas for improvement as future
work. At the Scenario Acting sessions, we emphasised that
the participants were not to take themselves too seriously
during these sessions but that they should try to have fun
and play to encourage creativity. For example, Maiden
et al. [34] used balloons at their workshops to provoke play
and interaction. Producing colourful, fun objects, seem-
ingly unrelated to the topic of the system, to include in the
scenarios could help the participants generate ideas.
Another valuable addition to the method would be to ask
the participants to rank the sentences that were produced.
For example, they might be asked which sentences were
highly valued or less valued. The technique of Action
Research [35, 36] may be suitable for improving the
method devised in this paper. When applying Action
Research, an experiment with an intervention is conducted,
and then the process is evaluated and improved, if neces-
sary, before an improved experiment is conducted. Thus, a
plan, action, observe, reflect cycle is conducted, and the
researcher is a part of the development team. System
developers may have a different view of the usefulness of
Scenario Acting and low-fidelity prototypes, as has been
found in [13] where developers explained that role play and
low-fidelity prototypes could not be used alone. Thus,
action research is likely to reveal the strengths and the
weaknesses of the method from the system developers’
perspective, which will complement this study.
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