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?ggi?g‘;i’gg;‘;?eﬁ:;t;r The quality and quantity of participation supplied by human beings during the differ-
University of Bologna, ent phases of the design and development of a software artifact are central to studies
Mura Anteo Zamboni 7, in human-centered computing. With this paper, we have investigated on what kind
40126 Bologna, Italy of experienced people should be engaged to design a new computational artifact,
when a participatory approach is adopted. We compared two approaches: the former
including only future users (i.e., novices) in the design process, and the latter enlarging
the community to expert users. We experimented with the design of a large software
artifact, in use at the University of Bologna, engaging almost 1500 users. Statistical
methodologies were employed to validate our findings. Our analysis has provided
mounting evidence that expert users have contributed to the design of the artifact
only by a small amount. Instead, most of the innovative initiatives have come from
future users, thus surpassing some traditional limitations that tend to exclude future
users from this kind of processes. We here challenge the traditional opinion that expert
users provide typically a more reliable contribution in a participatory software design
process, demonstrating instead that future users would be often better suited. Along
this line of sense, this is the first paper, in the field of human-centric computing, that
discusses the relevant question to offer to future users a larger design space, intended
as a higher level of freedom given in a software design situation, demarcated by pre-
cise design constraints. In this sense, the outcome has been positive.

Keywords: Human-centric computing, Community participation, Co-design,
Participatory design, Users’ evaluation, Users'satisfaction, User-Centered Design,
Human-machine design loop, Al-Human interaction design

Introduction

Should we study the old to inform the new, or does that just make designers repeat his-
tory? What is it that we should learn from experienced users and bring with us into the
new practice that we want to design and what should we, as designers, disregard, in
order not to repeat history? This is the starting point of our research.

But, let us go by steps, and take in consideration, first, that the intuition of keeping
into account users’ needs, while designing a new software artifact, is not new at all to
human-centered computing research and practice, as witnessed by a wealth of literature
investigating this issue [1-3].
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In particular, in the last decades, the role of users has become increasingly relevant
in the participative software design processes, with the use of specific methodologies,
such as: (i) User-Centered Design (UCD) [4—6], and (ii) co-design [7-9], for example.
These methods differ in how users are involved in the design process; the main differ-
ence being that the UCD methodology takes into consideration users’ needs under the
form of requirements to be passed down to designers and developers [10, 11], while,
at the other end of the spectrum, in a co-design process users play an active role in all
the software project phases, even initially, by proposing ideas and providing suggestions
under different forms [2, 12].

Although these participatory methodologies are widely investigated in the literature,
as well as intensively used in several realistic contexts [13, 14], what remains a key issue
is how to individuate those groups that better represent the communities of users who
can provide the best contribution, during the design process of a computational artifact,
[15].

Drawing on these considerations, in this paper we go a step further along this line
of research, trying to find an answer to the crucial question posed by Whittle [16]:
what kind of users’ participation is needed for a successful participative software design
process?

In our work, we push forward this kind of investigation by challenging the idea of
engaging future users (i.e., the novices) as the users that could take part in the design
process of a computational artifact.

In particular, we carried out a special experiment where, beyond future users, the team
of collaborators was also extended to include a further group of expert users (thereby
intending those users who had already experienced similar kinds of software applica-
tions). The motivation behind this choice rests upon the intuition that engaging expert
users could improve the final software product, by virtue of the knowledge that they
have already acquired in similar experiences.

The aim of this experiment was that of contrasting the two kinds of contributions
coming from future and expert users, respectively; each group of human beings having
different expertise in the field of interest.

To anticipate here some of the results, we surprisingly maintain that the intuition
mentioned above is questionable, under different viewpoints.

Only to cite the most relevant one, our analysis reveals that the increment in terms of
the innovation supplied by experts is moderate, as contrasted against the novel intuitions
proposed by future users. We here essentially challenge the traditional sentiment that
only expert users are functional to productive participatory software design processes,
demonstrating, instead, that the lack of bias in future users could be better suited to gen-
erate effective innovation. Thus, in the specific field of human-centric computing, we
maintain that this is the first paper that discusses on the importance to offer to future
users a larger design space, intended as a higher level of freedom given in a software
design situation [17-19].

Specifically, our analysis was based on the study of a case of a mobile software arti-
fact, to use for high-school students who have to choose a University degree program.
As already said, two different groups of users were involved in the design process of the
software application. The first group of future users was comprised of 200 high school
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students. The second group of expert users was comprised of 59 students, already attend-
ing courses at the University. Finally, a committee of 20 different evaluators, including
faculty and staff members, have assessed the contributions provided by both future and
expert users. After this assessment, the software application was developed based on the
variants approved by the committee, and finally tested by circa 1500 students from high
schools (who had not taken part in the first stage of this process), with the (not) surpris-
ing result mentioned above.

The remainder of this paper is organized as follows. In the next section, we clarify the
general context at the basis of our study. In “Related work” section, we extend our discus-
sion on other works related to our research, while in “How the design process evolved”
section, we summarize the process to which: (i) future users, (ii) expert users, and, finally,
(iii) the committee were subjected. In “Results and discussion” section, measurements
and statistics are provided that emphasize the results of our study. Finally, “Conclusions
and future work” section concludes the paper with a brief discussion.

Research issues and context

We begin this Section by first introducing the concept/definition of who expert/future
users are. Then, we will clarify what a function is, within the terms of this present paper.
Finally, we will present our research question, along with the scientific process through
which we have tried to give an answer to the question mentioned above.

Let us begin with the issue about expert/future users, as emerging from the special-
ized literature [20—22]. In the general context of human—computer interaction, three are
the main types of users: 1. Experts (i.e., frequent users); 2. Novices (i.e., future users);
and, finally, 3. Intermittent users. Apart from Intermittent users, whose role is often
rather marginal, with the term experts, applied to users of a given software artifact, it
is intended that these users have had past experiences with those artifacts (or similar
ones), and then require a brief feedback on a new software of the same type, while inter-
acting with it. In essence, the value brought by experts amounts to the experience they
have got in the past. On the contrary, novices are those users whose past experience (if
any), with the same kind of software artifacts, have been limited in time and in intensity;
this being the cause for their slow progress in understanding the special peculiarities of
that software artifact.

To come to our research, expert users can be identified as those University students
who have already interacted with the didactic/research functions offered by that Univer-
sity. Novices (i.e., future users), instead, are those freshmen who still have to begin their
studies at the University.

Needless to say, in contexts different from the one we are investigating, the identifica-
tion of experts vs novices may require further adequate reflections.

Now, it is the turn of explaining what the term function means, within this paper. In
essence, with this term function we refer to the assemblage of all the various informa-
tion that students search to make a decision, before they choose a specific degree to
attend at the University. Oversimplifying it, the issue, here, has been that of decid-
ing what information to make available, and the correspondent software tools to be
used to facilitate this task. More precisely, the paper discusses on the relevance of
the different types of suggestions that different users have provided, based on their
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experience. Along this line of sense, when we talk about functions, we are not talking
about engineering/software requirements, rather about those specific types of infor-
mation that students need to make a choice. Maybe, in this sense, we could rather talk
about users’ requirements. Categories, finally, are simply aggregations of groups of
functions.

In this research, we focused our attention on the following research question:

« Are either experts or novices or both well qualified to provide a contribution to the
design of a human-centric software artifact?

To answer to such a question, we focused on the problem of how a software appli-
cation should be designed for the use of high school students, who need to choose a
University degree. We architected a process consisting of the following three phases
(also depicted in Fig. 1):

+ Phase 1. More than 200 high school students (novices) were asked to propose func-
tions to be incorporated into the software application to be developed.

+ Phase 2. The same question was asked to 59 students already attending courses at the
University of Bologna (experts).

+ Phase 3. A committee of 20 faculty and staff members were asked to check all the
functions proposed in the previous phases (1 and 2), and to select the final ones to be
included in the final software artifact.

This software application was intended to be of help for high school students,
while choosing the University program that best suits their skills and interests. This
emerges as a significant problem in a huge University, like the University of Bologna,

DESIGN PROCESS

I PHASE | PHASE 2 PHASE 3 >
USER-DRIVEN OPEN INNOVATION FINAL
INNDVATION CONTEST DESIGN

FUTURE USERS EXPERT USERS COMMITTEE
high school graduate and undergraduate Staff and faculty
students students members

Fig. 1 The design process
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for example, with 11 Schools, 33 Departments, 219 different degrees and more than
85,000 students [23].

As previously mentioned, our first decision was that of choosing future users as the
main collaborators in the process of designing the application of interest. In particular,
last-year high school students were engaged, who were going to decide about their aca-
demic future in a few months.

Then, with the doubt whether such a team of collaborators include subjects who were
too young to express reliable opinions [24], we enlarged such an audience to include also
expert users, that is, students already attending courses at the University.

Related work

Deciding those who can take part in a participatory design process is an open issue,
especially if the subject of the design is a human-centric software artifact. We can start a
succinct review on this crucial subject by reminding that general concerns are expressed,
in the specialized literature, regarding the limitations emerging when users play an
active role in the design of a software artifact, from a variety of viewpoints, including:
conceptual, ethical, and pragmatic points of views [25].

Among those concerns, quite convincing is the fact that predetermining who partici-
pates has the negative impact to limit the potential for the design, as discussed, at length,
for example in; [26, 27]. Also of great pragmatic relevance is the concern deriving from
the type of collaborators who can be engaged in this kind of processes, from a social/
ethical viewpoint. For example, [28] propose to engage socially disadvantaged citizens
in participatory design activities, as a means to “uncover hyper-local concerns” that only
such special collaborators are able to recognize, even if it is often required a special care
to manage such a type of collaborators. Along this same line of sense are to be inter-
preted also those works by [29-31].

Besides these considerations, more relevant to our study is the issue about the tension
that is created between (future) users and a traditional team of developers and analysts
of software artifacts. This tension requires specific attention. A wealth of research, in
fact, has demonstrated that analysts and developers, typically, perceive themselves as
the real domain experts. As a consequence, they tend to unconsciously devalue novices’
contributions, thus failing to internalize new experiences into human-centered software
artifacts [32—-34].

This kind of problems further exacerbates if users are young people, like in our case
study, since differences in age, culture and lifestyles are seldom considered as valuable
resources, from the standpoint of a traditional expert. Nonetheless, specific attention is
to be devoted to these specific cases, as engaging youngsters in participatory activities,
to design a computational artifact, is recognized as extremely challenging [35].

To this aim, several scientists have already reported on the urgent need for further
research for better individuating appropriate methods that involve young users during
the phase of development of a computational artifact [36]. The main issue being that
youngsters (or even adolescents) occupy a vulnerable state, poised midway, between
childhood and adulthood. They hold this tenuous, hybrid state, both under law and cus-
tom. And as such, they are understudied, poorly understood, and weakly represented by

the interaction design research community, particularly when issues of design actions
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and/or strategies for developing software artifacts of particular relevance are the subject
of the discussion, [37, 38].

With a full conscience of this kind of problems, some few interesting researches are
worth to be mentioned, like for example those reported in [39-42]. Even though in
some of them resurfaces as relevant the concept that, when a software artifact is co-
designed for a public institution (for example, a school or a University) users should be
engaged who cover different roles (for example, from student-to-be, to undergraduates,
graduates, alumni and finally teachers), all these researches fail in providing a precise
assessment of the different contributions that each category can supply. This is especially
evident in research initiatives like those described in [43, 44] where, in both cases, nov-
ices (i.e., future users) are engaged just to assess a software artifact, but without an active
participation in the design process activities.

Unlike that, instead, our paper represents the first study, to the better of our knowl-
edge, where an effort has been devoted to providing an analytical measurement of
the importance of actively engaging (future) users in the initiative of co-designing a
human-centered software artifact. Other preliminary approaches, along this same line
of research, are present in the literature, yet limited in scope and in the analytical assess-
ment, like those discussed in [45-50]. In particular, such preliminary studies differ
from our investigations, since they are mainly devoted to evaluating how freshmen and
undergraduate students exploit smart devices and mobile apps, while conducting their
learning and University activities. It is worth mentioning that none of these studies has
involved students to reason around the design of the software of interest.

How the design process evolved
We provide, now, some relevant details on the kind of participation supplied by the two
aforementioned groups of users who took part in the experiment we have developed

(i-e., futures and experts).

Future users

Totally, 28 functions were proposed by future users, as shown in the second column of
Table 1. All those functions have been split over 10 different categories, representing
specific topics, as portrayed in the first column of Fig. 1.

Of interest in this process is the fact that the 200 students (future users) taking part
in the experiment were divided over 45 groups. After a 10 min long introduction, each
group was required to propose and illustrate possible functions to be developed, allow-
ing them to draw on smartphone-type shaped papers, like those portrayed in Fig. 2. At
the end of this phase, all groups were required to agree on a final set of functions. Those
of Table 1, indeed.

Expert users
Concerned with the fact that the functions, suggested by 200 novices, could not be com-
prehensive of the complex problem we were analyzing, we brought into play 59 expert
users.

They were students already attending some 40 different degrees at the University of

Bologna.
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Table 1 Future users’ proposed functions
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Categories

Specific functions

Programs catalogue and related info
(programs catalogue extended by tools that highlight
differences among different programs)

|dentity
(visual identity, e.g., logo and official colors)

Orientation events

(a means for students to discuss with teachers and
staff in order to recognize the curriculum that better
fits to them)

Admission tests and related info
(information needed to take an admission test with a
positive result)

Living the University

(general information about the University spaces,
including buildings, classrooms, libraries, and the
University campus in general)

Job
(preliminary support to job/professional activities after
graduation)

Internationalization
(services to foreign students and to students who
want to be enrolled in international programs)

Communication
(channels to contact the University of Bologna)

Testing the student’s aptitude
(tests to facilitate the students in finding the right
course)

Generic info and services
(general information, such as accommodations for
students)

Total

A.1 Online availability of the programs catalogue

A.2 Online information per single course

A3 Online availability of performance indicators per
single course

B.1 Online availability of official University templates and
layouts (including logos, colors, styles, etc.)

C.1 Online information on orientation events

D.1 Online general Information on admission tests
D.2 Test simulators
D.3 Calendar

E.1 Online information on the University places (build-
ings, classrooms, libraries, ...)

E.2 Online information on the University Campus in
general

E.3 Online information on sports facilities

E.4 Online information on apartments to rent

E.5 Online information on the city and its lifestyle

F.1 Online information on employment and job per-
spectives

F.2 Online information on specific skills for specific
professional figures

F.3 Online information on ethics for specific professions

G.1 Online information on internationalization issues

G.2 Online information on the number of students who
study abroad

G.3 Online information on international programs

H.1 Making available Telegram, WhatsApp groups for
internal communication

H.2 Making available Online Chats

H.3 Making available social networks for internal discus-
sion

H.4 Making available Forums for internal discussion

H.5 Availability of News Channels

.1 Online availability of tests for aptitude self-assess-
ment

J.1 Online availability of generic info

J.2 Online availability of information about accommoda-
tion and lodging

J.3 Online availability of FAQ sections

28

This time, they were first asked to either confirm or reject the 28 functions sug-

gested by the future users. Then, they were asked to provide new original contribu-

tions; specifically, further functions, besides those suggested by future users. The

result of this second phase was, simply, that expert users accepted all the 28 functions

suggested by future users, and then proposed further 10 new ones, specifically those

portrayed in Table 2.

Of relevant, here, is our choice to conduct this experiment by showing to expert users

all the functions suggested by future users, and then asking them to either accept or not

those functions. One possible alternative would have been that of hiding those func-

tions to expert users, asking them to propose the entire set of possible features to be

developed.
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Fig. 2 Examples of functions sketched by future users

Table 2 Functions proposed by Expert users

Categories Specific functions

D. Admission tests and related info D4 Special simulator including elements of gamification (e.g., applying
typical elements of game playing)

E. Living the University E.6 Online availability of vision software for navigation and mapping pur-
poses, within the University
E.7 Online availability of sensors-based software, allowing students to
locate their position within the University

G. Internationalization G.4 Online availability of foreign language courses

. Testing the student’s aptitude .2 Online availability of tools that students may use for comparing courses
.3 Online availability of bookmarking tools
1.4 Software for matching students with similar academic profiles
1.5 Software for rating a course
1.6 Software for searching and recommending courses

J. Generic info and services J4 Online availability of a calendar for seminars and academic events
Total 10

Our choice of making explicit to experts the functions suggested by future users
stems from the consideration that typically expert users cannot be easily influenced.
Moreover, the reader should not forget about the starting point of our research: We
have here challenged the usual opinion that only expert users can provide a reliable
contribution in a software design process based on a users’ participation, while future
users should be excluded due to their lack of experience.

At the end, this intuition behind our research has been confirmed by facts, since all
the 28 functions suggested by future users were recognized as useful by experts, and
worth to be included in the final software application.

In conclusion, 38 functions were proposed (28: future users; 10: expert users) at the
end of this phase of the experiment.
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The committee

A final phase of the experiment was devoted to check and filter out all the proposals pro-
duced by the first two groups. As already anticipated, this role was played by a commiittee
comprised of both faculty and staff members of the University of Bologna. The result of
their work is portrayed in Table 3, where the final 22 functions chosen by the committee
for development are shown. In essence, the committee accepted:

+ 16 out of the 28 functions suggested by future users;
+ 4 out of the 10 functions suggested by expert users.

Further, they added 2 additional functions (marked in bold, in Table 3).

Users' satisfaction
To conclude this discussion, crucial is to remind that a mobile software application was
actually developed including all the 22 aforementioned functions.

To assess the final users’ satisfaction while using this software application, we asked
approx. 1500 high school students to answer an online questionnaire, where a 5-values
Likert scale was proposed to score each different category of Table 3 (1: completely not
satisfied—5: completely satisfied).

We report the more relevant results of this experiment in Table 4, where, for the sake of
conciseness, we further clustered the 10 categories of Table 3, into 6 more compact groups.

Table 3 Final functions

Categories Specific functions

A. Programs catalogue and related info  A.1 Online availability of the programs catalogue
A.2 Online information per single course
A3 Online availability of performance indicators per single course
A4 Online availability of the learning outcomes per each course

B. Identity B.1 Online availability of official University templates and layouts (includ-
ing logos, colors, styles, etc.)
C. Orientation events C.1 Online information on orientation events
D. Admission tests and related info D.1 Online general Information on admission tests
D.3 Calendar
E. Living the University E.1 Online information on the University places (buildings, classrooms,
libraries, ...)

E.2 Online information on the University Campus in general
E.3 Online information on sports facilities

F. Job F.1 Online information on employment and job perspectives
G. Internationalization G.2 Online information on the number of students who study abroad
G.4 Online availability of foreign language courses
H. Communication H.3 Making available social networks for internal discussion
. Testing the student’s aptitude .1 Online availability of tests for aptitude self-assessment
1.2 Online availability of tools that students may use for comparing
courses

.3 Online availability of bookmarking tools

J. Generic info and services 1.1 Online availability of generic info
J.2 Online availability of information about accommodation and lodging
1.3 Online availability of FAQ sections
J4 Online availability of a calendar for seminars and academic events
1.5 Online information on Mobility/Transportation

Total 22
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Table 4 User satisfaction

Groups Likert value (average) Number
of answers
i) Programs catalogue 4.1 1272
ii) Orientation events 424 1315
iii) Living the University 374 1240
iv) Job (Indicators) 3.89 1216
v) Testing the students’aptitude 3.59 1223
vi) Generic Info and services 3.75 1227

As shown in Table 4, all the 6 groups of functions got satisfying results, on average. An
amount of more than the 80% of the students, who were asked for an evaluation, provided
a response to our questionnaire: hence the corresponding number of responses can be con-
sidered of a reliable statistical significance.

Even more relevant was a spare question we asked all of them. The question was con-
cerned with the fact whether the set of the provided functions had covered, according to
their opinion, the whole set of possible University problems. Out of 1342 interviewees,
1282 responded positively, yielding a percentage of 95.53% interviewees confirming their
satisfaction.

Further to this positive evaluation, we were interested in shedding a brighter light on
these results. Hence, the closer analysis of which at “Results and discussion” section.

Results and discussion

To answer our initial research question and validate our intuition, we counted the amount
of contributions each different group of users produced (“Amount and quality of contribu-
tions” section), and then measured analytically their relevance (“Similarity between groups”
section). The subject of this final part of our study was the attempt to understand if the
inclusion of expert users had either provided a contribution of relevance or not.

Amount and quality of contributions
To this aim, we counted how many and different contributions, out of the set of functions
that were finally implemented, were provided by either the future or the expert users. This
has been done with a simple enumeration of the instances of the proposed functions.
Consider the set of functions (F) (better would be to call them at least here features, not
to abuse with term function) proposed by the future users, the set (E) of those proposed by
expert users, the set (C) of those proposed by the committee, and, finally call X the union
of F, E, and C. Consider the generic feature f; € X and take, now, the following mapping,
based on the well-known Indicator function of a subset D of the set X, Ip : X — {0,1},
defined as:

1if f; D
i) ={0 44 5 b

wherel < i < 40,andD € {F,E, C}.
Applying the aforementioned Indicator function, we yield the results reported in the
three rightmost columns of Table 5.
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Table 5 Ip(f;) values

Categories

Specific functions

Future users Expertusers Final design

A. Programs catalogue and
related info

B. Identity

C. Orientation events

D. Admission tests and related
info

E. Living the University

F. Job

G. Internationalization

A.1. Online availability of the
programs catalogue

A.2. Online information per
single course

A.3. Online availability of perfor-
mance indicators per single
course

A4. Online availability of the
learning outcomes per each
course

B.1 Online availability of official
University templates and lay-
outs (including logos, colors,
styles, etc.)

C.1 Online information on orien-
tation events

D.1. Online general Information
on admission tests

D.2. Test simulators

D.3. Calendar

DA4. Special simulator including
elements of gamification (e.g.,
applying typical elements of
game playing)

E.1. Online information on the
University places (buildings,
classrooms, libraries, ...)

E.2. Online information on the
University Campus in general

E.3. Online information on
sports facilities

E.4. Online information on apart-
ments to rent

E.5. Online information on the
city and its lifestyle

E.6. Online availability of vision
software for navigation and
mapping purposes, within the
University

E.7. Online availability of
sensors-based software, allow-
ing students to locate their
position within the University

F.1. Online information on
employment and job perspec-
tives

F.2. Online information on
specific skills for specific
professional figures

F.3. Online information on ethics
for specific professions

G.1. Online information on
internationalization issues

G.2. Online information on the
number of students who
study abroad

G.3. Online information on
international programs

G.4. Online availability of foreign
language courses
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Table 5 (continued)

Categories Specific functions Future users Expertusers Final design

H. Communication H.1. Making available Telegram,
WhatsApp groups for internal
communication

H.2. Making available Online
Chats

H.3. Making available social net-
works for internal discussion

H.4. Making available Forums for
internal discussion

H.5. Availability of News Chan-
nels

1
1
1
1
1

o — O OO

. Testing the student’s aptitude 1.1 Online availability of tests for

aptitude self-assessment

1.2. Online Availability of tools
that students may use for
comparing courses

1.3. Online availability of book-
marking tools

1.4. Software for matching stu-
dents with similar academic
profiles

1.5. Software for rating a course

1.6. Software for searching and
recommending courses

[cNoNoNeNeRES
OO O — — =

J. Generic info and services J.1 Online availability of generic

info

J.2. Online availability of infor-
mation about accommoda-
tion and lodging

J3. Online availability of FAQ
sections

J4. Online availability of a calen-
dar for seminars and academic
events

J.5. Online information on
mobility/transportation

O — O = —
NN R

O — — s

Total functions 40 Total futures  Total experts  Total
28 38 final
22

To provide a clearer visual representation of those results, we have drawn Fig. 3. In
that Figure, we show how the process of providing new functions evolves with time, after
the intervention of each different group. From that Figure, it is easy to recognize that,
under Phase 1 of the experiment, future users have proposed 28 functions. With Phase
2, instead, expert users have added 10 new ones. Finally, the committee, under Phase 3,
stabilized the total amount of functions down to 22 functions (of which 16 from future
users, 4 from expert users, plus 2 brand new ones). The same kind of information, shown
as a percentage, is portrayed in Fig. 4, where the contribution provided by future users
emerges as predominant (see Phase 3 in Fig. 4).

The same information of the third histogram of Fig. 4 is further portrayed, under an
alternative representation, in Fig. 5 for a more impressive communication of the results.

All this said, while it is crystal clear the relevance of the contribution provided by
Sfuture users (from a quantitative viewpoint, obviously), more intriguing is responding
to the question whether experts have played a relevant role within this process. We will

discuss it in the next “Similarity between groups” section.
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Phase 1
Phase 2
Phase 3
0 5 10 15 20 25 30 35 40
Future users Expert users [E Committee
Fig. 3 Evolution of the contributions per each group (absolute values)

100%

90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
Phase 1 Phase 2 Phase 3

Future users Expert users [3 Committee

Fig. 4 Percentage of the evolution of the contributions per each group

Final design

9%

o

18%

73%

OFuture users Expert users B Committee

Fig. 5 Contribution per each group
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Similarity between groups

We here resort to a more sophisticated statistical analysis to reason about the similarity
of the different groups of features (i.e., functions), as provided by the correspondent con-
tributors (futures and experts).

In essence, to respond to the question posed before, we tried to look at this problem
from a statistical perspective, checking for and working on the similarity of the clusters
of the provided features (i.e., functions).

To this aim, consider now the three following codomains:

A= cod(lp(ﬂ));
B = cod(IE(ﬁ));

C= cod([c(ﬂ)).

Now, considering the three following statistical techniques, aimed at defining similar-

ity among different sets:

« The Cosine similarity: is a measure of similarity between two non-zero real-valued
sets of an inner product space that measures the cosine of the angle between them
(range: 0-1).

« The Jaccard similarity coefficient: is a statistical index used for comparing the similar-
ity (and diversity) of sample sets of binary values. It measures the similarity between
finite sample sets and is defined as the size of the intersection divided by the size of
the union of the sample sets. It only considers the total number of attributes where
both the sets have a value of 1 (range: 0-1).

+ The Simple matching coefficient: is a statistical index used for comparing the similar-
ity and diversity of sample sets. It also considers the total number of values where

both the sets have a value of 0, as well as 1 (range: 0-1).

That said, we applied the three methods above to our sets: A, B, and C, with the final
result shown in Table 6.

On the basis of the statistical theories behind the similarity techniques we exploited,
we can maintain that a good level of similarity is reached between two different groups if
the threshold of 0.5 is surpassed.

Along this line of reasoning, Table 6 seems to suggest that the contribution provided
by future users and expert users is to be considered similar. Yet, we have here to remind

Table 6 Similarity indexes

Future users Expert users Future users
and committee and committee and expert users
Cosine similarity 0.64 0.69 0.86
Jaccard similarity coefficient (J) 047 0.50 0.74

Simple matching coefficient (SMC) 0.55 0.50 0.75




Roccetti et al. Hum. Cent. Comput. Inf. Sci. (2020) 10:8 Page 150f 17

how the specific process went, where experts have decided to just inherit all the func-
tions provided by future users.

Much less similarity may be found, instead, if we compare the contribution provided
by the committee with that of the other two groups. This confirms an additional, as well
as well expected, result: the main role of the committee was just limited to that of filter-
ing out some of the proposals coming from users (fuutures and experts). This final result
is clearly confirmed if we count the number of functions proposed by future users and
then rejected by the committee: exactly 12 out of 28 (yielding almost 43% of the total
amount). Not only, also the amount of the functions proposed by experts and then dis-
carded by the committee amounts to 6 out of 10 functions (exactly 60%). In these terms,
the committee has represented a crucial point where innovation has gone, in some sense,
lost. Conversely, at the other endpoint of the spectrum, while it is confirmed that future
users were the real innovation accelerators in this process with their many and different
suggestions, the role of expert users appear questionable.

On one side, in fact, they have not decelerated the innovation brought by future users,
as no one of the functions proposed by futures has been rejected by them. On the other
side, nonetheless, if we contrast the number of the functions provided by expert users
[23] against the total number of the suggested functions [44], we can observe that their
contribution in terms of novel ideas (25%) is moderate (not to say marginal).

Conclusions and future work

Our study stems from the necessity to overcome some traditional participatory design
limitations in the process of software design. Many have thought that future users of a
given software application are not the perfect team of collaborators, based on the moti-
vation that they do not have a complete knowledge of that specific domain, not being
already current users.

We developed a complex experiment to challenge such a statement. In particular,
we enlarged the target audience of users of a given application by including also expert
users, as well as a final committee of evaluators. Our results witness a (not) surprising
fact: most of the innovation in terms of new proposals has come from future users. The
committee just played the role of moderator, while experts provided only a partial con-
tribution, in terms of innovation (ideas and new proposals).

In some sense, we have extensively questioned the traditional opinion that only expert
users can profitably contribute to a participatory software design process, demonstrat-
ing instead that future users would be often better suited.

Also interesting is the fact that the software application that was subjected to the
aforementioned three-phases long process got a satisfaction score of approx. 78% by
its final users (approx. 1500 high school students). Based on these further interesting
results, questions remain open about the fact whether that satisfaction value (78%)
would in/decrease, with a different kind of intervention by means of experts, along the
software design process we conducted.
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