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Chapter

Negative UX-Based Approach
for Deriving Sustainability
Requirements
Nelly Condori-Fernandez, Marcela Quispe-Cruz,

Alejandro Catala, Joao Araujo and Patricia Lago

Abstract

In this chapter, a Negative User Experience (NUX)-based method for deriving
sustainability requirements of persuasive software systems is proposed. The method
relies on the analysis of NUX assessment, and the exploitation of relationships
between the SQ model and the PSD model, which are well-known models for
sustainability-quality in software systems and persuasive system design respec-
tively. To illustrate the method, a user study has been conducted involving people in
their real working environments while using specific software intended to change
their behavior for preventing or reducing repetitive strain injury (RSI). The method
allowed us to discover thirteen requirements that contribute to social, technical and
economic sustainability dimensions.

Keywords: usability, sustainability-quality model, quality attributes, PSD model,
persuasive software systems, UX assessment

1. Introduction

Persuasive technology (PT) can be defined as “design, research, and analysis of
interactive computing products created to change people’s attitudes or behaviors”
[1]. As technology can be used as a promoter of sustainable behavior, many studies
have investigated the possibilities to persuade people within the context of envi-
ronmental sustainability (e.g., increase consumers’ awareness of energy consump-
tion [2]. However, most of these studies have shortcomings that limit their long-
term effectiveness. Although behavioral models (e.g., Transtheoretical Model of
behavior change [3], the Goal-setting Theory [4], the Fogg Behavior Model [5]) are
very useful for conceptualizing the impact of persuasive technology, most of them
cannot easily be applied to the design or assessment of persuasive systems directly
because they do not provide appropriate methodological support [6, 7]. For exam-
ple, through a user experience assessment of existing persuasive software applica-
tions, Condori-Fernandez et al. [7] found that some relevant non-functional
requirements had not been addressed, and consequently users experienced
negatively in using such kinds of systems.

As the identification and management of non-functional requirements in soft-
ware projects are challenging [8], various assessment models have been proposed
for software product quality (e.g., ISO/IEC 25010 quality model). In the software
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engineering community, a software sustainability model consists of both
sustainability-related requirements and quality requirements (e.g., [9–11]). Lago
et al. [12] defined software sustainability based on a four-dimensional model that
adds the technical dimension to the social, environmental and economic dimensions
that already appear in the Brundtland report [13]. Condori-Fernandez and Lago [9]
proposed a Sustainability-Quality (SQ) model for supporting the identification of
quality requirements that contribute to the four-dimensional model of software-
intensive systems1. The multidimensional approach of Becker et al. [15] adds the
individual dimension to the four sustainability dimensions [12]. However, Calero
et al. [10] define sustainability only in terms of energy consumption, resource
optimization and perdurability, and they do not consider the individual, social, and
economic dimensions.

According to Assefa and Frostell [16], for a system to be deemed socially
sustainable, it should at minimum enjoy wider social acceptance. In this respect,
ensuring the quality of User Experience (UX) is important for increasing the
likelihood of accepting socially software systems (e.g., [17]).

In order to provide support for discovering non-functional requirements (NFR)
that contribute to sustainability dimensions, we present a Negative User Experience
(NUX)-based approach for deriving sustainability-quality requirements, with spe-
cial emphasis on the social and technical dimensions. Then, the approach is applied
in existing software applications designed for preventing RSI.

The following sections provide a detailed account of our work. Section 2
describes the SQ model and PSD model on which the NFR discovery approach is
based. Section 3 presents the NUX based approach for deriving sustainability
requirements. As a result of applying the approach, we present first the design of a
user study. And the discovered nonfunctional requirements and features are
reported in Section 5. Finally, we draw the conclusions.

2. Background

In this work, we adopted the PSD model [18] as the theoretical framework for
our research, and the SQ model [9].

2.1 The PSD model

The PSD model [18] is a recent conceptualization for designing, developing and
evaluating persuasive systems. It consists of (a) the premises behind any persuasive
system, (b) the persuasion context and (c) the persuasive software system features.
Hence, according to the PSD model any persuasive system is based on eight pre-
mises detailed in [18] and listed here: P1: Useful; P2 User-friendly; P3: Unobtru-
siveness; P4: Open for transparency; P5: Cognitive Consistency; P6: Incremental;
P7: Information technology partiality; P8: Direct and indirect routes to persuasion.

The analysis of the persuasion context consists of looking into (1) the intent, (2)
the event and (3) the strategy. The event comprises the use situation, user’s charac-
teristics, technological platform and environment. The strategy includes the mes-
sage itself and the route to be used to achieve a goal.

The PSD model describes persuasive software system features grouped in four
categories: (i) The primary activity support category focuses on supporting the
activities that lead to achievement of the BCSS goals. These activities include

1 Systems in which software interacts with other software, systems, devices, sensors and people [14].
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reduction, tunneling, tailoring, personalization, self-monitoring, simulation and
rehearsal. (ii)Dialog support refers to techniques/mechanisms to motivate users to
use BCSS. This category includes praises, rewards, reminders, suggestions, similar-
ity, liking and social role features. (iii) The credibility category relates to how to
design a system so that it is more credible and thereby more persuasive. This
category includes the following features: trustworthiness, expertise, surface credi-
bility, real world feel, authority, third party endorsements, verifiability. iv) The
social influence category describes how to design the system so that it motivates
users by leveraging different aspects of social influence. The features that belong to
this category are: social learning, social comparison, normative influence, social
facilitation, cooperation, competition, recognition.

According to the PSD model, a behavior change can be divided into three
categories:

• C-Change - or compliance change, is to make sure that the user complies with
the request of the behavior change support system.

• B-Change - or behavior change, is to elicit a more enduring change than simply
compliance a couple of times. Short time behavior change is easier to achieve
than long-term behavior change.

• A-Change - or attitude change, is to influence the users’ attitudes rather than
behavior only. Changing the attitude of a user may be the most difficult type of
change to achieve by a behavior change support system.

The outcomes of these C, B and A-Changes are the formation, alteration or
reinforcement:

• F-Outcome - It means the formulation of a pattern in a situation where it did
not exist before.

• A-Outcome - It means a change in the response of a user to an issue.

• R-Outcome – It means the reinforcement of current attitudes

2.2 The SQ model

The SQ model [9] is defined in terms of four sustainability dimensions: (i) Tech-
nical dimension addresses the long-term use of software-intensive systems and their
appropriate evolution in an execution environment that continuously changes. (ii)
Economic dimension focuses on preserving capital and (economic) value. (iii) Social
dimension focuses on supporting current and future generations to have the same or
greater access to social resources by pursuing generational equity. (iv) Environmen-
tal dimension aims at improving human welfare while protecting natural resources.
For software-intensive systems, this dimension aims at addressing ecologic
concerns, including energy efficiency and ecologic awareness creation.

Each dimension is characterized by a set of Quality attributes, which can be
interdependent. Such dependency can be of two types: (i) it is inter-dimensional if it
relates a pair of quality attributes defined simultaneously in two different dimen-
sions (e.g. security defined in the technical dimension can influence security in the
social dimension); and (ii) it is intra-dimensional if a dependency exists between two
different quality requirements defined within the same dimension (e.g. in the
technical dimension, security may depend on reliability).
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Our SQ model supports the identification of sustainability design concerns, and
the quality assessment of software architecture. The list of measurable attributes of
the SQ model and corresponding contributions to the four dimensions can be found
at [9], which has been empirically evaluated [19, 20].

3. NUX-based approach for deriving sustainability-quality
requirements

In this section, we present the process needed for deriving sustainability-quality
requirements from NUX results. As shown in Figure 1, the process consists of three
stages: (i) UX assessment for understanding user needs, (ii) translating user needs
into NFRs, and (iii) deriving sustainability-quality requirements from identified
features and NFRs. The first two stages correspond to the NFR discovery approach
proposed in [21], which uses the PSD model as a means to identify non-functional
requirements (NFR) for a persuasive software system.

3.1 UX assessment for understanding user needs

UX assessment is supported by a wide range of research methods available,
ranging from attitudinal evaluations (e.g. UX questionnaire, think-aloud) to behav-
ioral evaluations (e.g. eye-tracking, activity trackers, emotions measurement). In
this phase, in contrast to Sonnleitner et al. [22], we focus on negative User Experi-
ence (NUX) that is caused by the lack of fulfillment of needs during the interaction
with a software product (a RSI software in our case). The effect of NUX impacts on
the user attitudes (“what people say”) and user behaviors (“what people do”). The
outcome of this stage is the user feedback, information used for understanding user
needs interacting with any persuasive software application.

Figure 1.
Deriving sustainability quality requirements from NUX results.
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3.2 Translating user needs into NFRs

In this stage, the user feedback from the UX assessment is used through two
mapping steps to obtain a first group of NFRs and a set of categories of features
respectively:

First step: by mapping the unfulfilled user needs (results) with the PSD model
premises, we first discover a group of NFRs, which are directly discovered by
translating the corresponding identified premises. Some examples of these NFRs
are: usefulness (P1), cognitive consistency (P5), unobtrusiveness (P3), fun and
enjoyment (P2), and trustworthiness (P4). Moreover, we also identify the affected
categories of features described in the PSD model [18] (i.e., dialog support, primary
activity support, perceived credibility, social influence).

Second step: by doing a content analysis, the unfulfilled user needs (expressed
as user comments or suggestions) are categorized according to the identified
categories.

3.3 Deriving sustainability-quality requirements

In order to facilitate the identification of quality requirements and features that
contribute to the sustainability of software systems, a graph database has been
created using the Neo4j Bloom tool. Such as shown in Figure 2, the data scheme
includes elements from the SQ model (i.e., Dimension, Characteristic, Attribute)
and the PSD model (i.e., feature and category), as well as the corresponding rela-
tionships among these elements. The relationships among the different elements
(nodes) are represented by colored edges.

For instance, the edge COMPOSED_OF (green) is used for representing that a
quality characteristic is defined in terms of a set of quality attributes of the SQ
model. Similarly, there is a composition relationship between the features and
categories of the PSD model (briefly introduced in Section 2.1).

Having the graph database, designers will be able to run (predefined) queries in
the Neo4j browser. Query results are rendered either as a visual graph or a table
format. Figure 3 shows an example of a query result that displays all the quality
attributes related to the usability characteristic and their corresponding contribu-
tion to the sustainability dimensions.

For illustrating the application of our approach for deriving sustainability quality
requirements from a UX assessment, in the following section we present the design
of a user study that aims to assess the experience of existing persuasive software
applications for preventing RSI.

Figure 2.
Scheme with types of nodes and relationships in the graph database.
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4. User study design

4.1 Participants

We targeted office employees working with computers (i.e. desktop, laptop) as RSI
typically arises among this kind of user. A total of 30 people from four universities
working in officeswere invited to participate in the study. Twelve participants accepted
our invitation. 3 were female and 9male, whose age ranged from 21 to 45 years old.

4.2 Software and equipment

Table 1 shows the software available in the market, characterized by several
commonplace functions, although their implementation can differ between systems:

1.Break reminder (BR) – Remind to take breaks based on several factors like
elapsed time, how much/intensely you are working, natural rest patterns,
times of day, etc.

2.Tracking (TK) – Track information like break-taking patterns, working hours
per day, repetitions (e.g., keystrokes, mouse clicks).

3.Biofeedback (B) – Gain greater awareness of body functions primarily using
instruments that provide information on the activity of those same systems.

Figure 3.
Example of a query result in Neo4j: Quality attributes related to usability and their contributions to
sustainability dimensions.

Name Features Operative system

Break reminder Tracking BioFeedback Training

Stretch, 2013 X X X Windows

Workrave, 2013 X X X Windows

Pokoy, 2014 X Linux

Quick Pause, 2014 X X Windows

AntiRSI, 2016 X Mac OS

SmartBreak, 2016 X X X Windows, Mac OS

EyeLeo, 2016 X X Windows

Table 1.
Common functionalities of RSI software.
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4.Training (TN) – Provide information on topics including workstation setup,
body positioning, work-efficiency tips, psycho-social information, etc.

For practical reasons and given that participants self-reported to work with
either Windows 10 Pro operating system or MAC OS, they were offered the two
most complete options available, Workrave or SmartBreak, so that the study can
run in their natural working environment. Although both applications, Workrave
and SmartBreak, deliver reminders and enforce to take breaks, there are some
differences as explained next.

Workrave is probably one of the most complete applications of its class. It
considers micro-pauses, rest breaks, and guidance for exercise routines. This software
is based on timers and keyboard/mouse activity, which determine when the actions
must be displayed on screen. The user interface offers to configure a good number of
parameters and provides a monitor on micro-breaks, rest breaks and working hour
limit. The remarkable feature is the Training support, using an animated virtual
human to demonstrate the exercises in addition to a textual description (see
Figure 4), which could have some positive effects on attaining coaching goals [23].

SmartBreak has a minimal user interface consisting of a “stress” level bar, and
an overlay message is displayed in the center of screen when a break is suggested.
The unique feature supported by SmartBreak is the one on BioFeedback, trying to
raise awareness on user’s stress state, which in this particular application is based on
keyboard and mouse usage only.

According to the PSD model, two types of behavior changes are addressed by
Workrave and SmartBreak, as shown in Table 2.

The study was conducted in the natural settings of the subjects for 1 week (5
working days). Hence, they used their own computer and had to install by themselves
the software application of their choice. The 8 subjects with aWindows computer

Figure 4.
Training coach demonstrating exercises to stretch body muscles in Workrave.

B-change A-change

F-Outcome Workrave helps people to
form healthier habits by
doing stretching exercises

A-Outcome SmartBreak helps people to get awareness on their stress
level determined based on the way how keyboard and mouse
is used.

Table 2.
Outcome/changes analysis for Workrave and SmartBreak.
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installedWorkrave, whereas 4 users who had a laptop with Mac OS installed
SmartBreak. Only one participant had used an RSI software in the past (i.e.Workrave).

4.3 Instrumentation

Participants were given the following instruments:

• An UX questionnaire that is based on the User Needs Questionnaire (UNeeQ)
[22]. It is composed of two parts described as follows:

User needs fulfillment: The first part of this questionnaire measures the user
experience of a product or product concept based on the needs fulfillment.
Given our assessment focus on BCSS for recovering and preventing RSI, we
consider the premises of the PSD model for the formulation of 10 items
regarding specific user needs (See Table 3). All the items were measured on a
five-point rating scale (0–4) ranging from “not at all” to “highly”.

Positive and Negative UX: The second part of UNeeQ consists of six items
regarding overall positive and negative UXmeasured also in a five-point rating
scale (0–4). These overall UX items correspond to positive/negative emotions,
feelings and experience. In our study with the purpose of avoiding confusions
with the items regarding feelings, we decided to remove the items regarding
emotions. This is because usually feelings and emotions are used interchangeably,
but there are distinct differences between these two words. Feelings are mental
associations, whereas emotions create reactions altering physical state. Emotions
could be measured more objectively with techniques such as facial recognition, or
monitoring physiological data (e.g. Skin conductance).

• Open questions to capture in free form text any additional issue regarding user
experiences and feelings, either positive or negative, as well as to allow
participants to make suggestions for improvements to the software applications.

• Demographic questions included age, gender, weekly working hours, and more
specific questions that allowed us to know if our respondents suffered RSI in
the past (i.e. identifying symptoms and possible triggers).

Premise Items Day1 Day5

P1 … I was doing something good for my body and mind. I1 X X

P2 … joy and pleasure. I2 X X

P4 … safe from uncertainties. I3 X

P1, P6 … that I was more physically active (e.g. stretching exercises). I4 X

P1, P6 … that I was less mentally tired I5 X

P3, P2 … disturbed by the RSI software I6 X

P4, P6 … that I was developing a deeper understanding on how to prevent RSI I7 X X

P5 … that I was acting according to my true interest (e.g. moving naturally
to well-being)

I8 X

P5 … that the system was supporting me to make my commitments (e.g.
changing work habits)

I9 X

P6 … a better sense of physical well-being. I10 X

Table 3.
Adapted user needs questionnaire for RSI software.
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4.4 Procedure

Each participant was asked to install one of the selected RSI software (Workrave
or Smartbreak) in his/her own computer, and configure the timing parameters
according to the given instructions.

Then, we asked them to use the RSI software while they were working with their
computer for 1 week.

During the study, participants were allowed to adjust the values of any parameter
(e.g. break times, sound of alarm) whenever they considered necessary. As the study
was conducted in their natural working environment, they were allowed to abandon
and not to finish the study. They were informed beforehand about the length of the
study and the existence of a final questionnaire that should only be filled in if the
study rules were met regarding duration and working with the computer normally.

GivenUX can change over time, the data collectionwas carried out at twomoments:
(i) At the end of the first day, participants were asked to complete a first UX question-
naire. As some items of the UX questionnaire could not be experienced immediately by
users, we considered only a subset of items for the first round listed inTable 3. (ii) At
the end of the study, participants were asked to complete the second UX questionnaire.

5. Deriving sustainability quality requirements from UX assessment

In this section we present the results obtained following the NUX-based discov-
ery process introduced in Section 3.

5.1 First stage: UX assessment for understanding user needs

According to our demographic data collected at the beginning of the study, we
found that most of our participants worked more than 40 hours per week. The
distribution is as follows: 5 subjects reported to work more than 45 hours per week.
5 subjects worked between 40 and 45 working hours. Only 2 subjects worked
between 38 and 40 weekly hours.

Regarding RSI symptoms, most of the participants indicated felt fatigue, aching
or shooting pain. 3 subjects did not experience none of the symptoms shown in
Table 4. One of these 3 subjects decided to drop-out from the study after
experiencing with the RSI software for 1 day.

Nine of our subjects considered stress as the main trigger of their RSI symptoms,
followed by a bad ergonomic posture (8 subjects). Surprisingly, we found that
omitting breaks and maximum exposure to technology were considered by less than
half of the subjects that experienced RSI symptoms.

5.1.1 First impressions

At the beginning of the study we found that the RSI software was not enjoyable
enough and pleasant. The most positive answers were given by 3 participants using
Workrave, who indicated have enjoyed -more or less- with the software. However,
despite this non-positive feeling, 7 of out 11 participants felt that using an RSI
software was somewhat useful (“more or less” and “significantly high”) to support
their own wellness (body and mind). Over half of the participants reported that
they understood how to prevent RSI during their first interaction with the software.
Figure 5 shows the frequency distribution of the responses in detail regarding these
three items that concern about enjoyment, usefulness, and awareness respectively.
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5.1.2 UX based on the need’s fulfillment

A total of 9 participants completed the study and filled in the final questionnaire
after day 5. Table 5 shows the answers’ frequency to the user experience question-
naire items and the weighted average. After several days of use, it is confirmed that
the extent of “enjoyment and pleasant” is low. The “safe from uncertainties” score
reinforces the idea that participants were not fully sure on how the break reminder
and monitoring features work (e.g. how the breaks based on the stress level is
determined by SmartBreak).

Most of the participants perceived that the software provided “a bit” support for
items related to the physical and mental well-being. This feeling was confirmed by
the last two items, where participants did not show to have the impression that the
software was supporting their commitments and supporting behavior change in a
natural way; therefore, more feedback from the software could be needed along
with a different strategy to communicate how the software works and help to attain
goals. Overall, it seemed that participants have got a moderate belief of “doing

Figure 5.
User experience after day 1 (N = 11).

RSI symptoms Responses

Aching or shooting pain. 50% (6)

Fatigue or lack of strength. 50% (6)

Weakness in the hands or forearms. 25% (3)

Tremors, clumsiness and numbness. 17% (2)

Chronically cold hands, particularly the fingertips. 17% (2)

Difficulty with normal activities like opening doors, turning on a tap. 8% (1)

Table 4.
RSI symptoms experienced by participants.
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something good for their body and mind”, and have been developing some moder-
ate understanding on how to prevent RSI.

5.1.3 UX variation analysis

In order to understand the possible variations of the user experience reported
after the first day, we carried out an individual analysis with the participants (S1,
S2, S5, S6, S9, S11, S12) who finished the study.

What stands out in Table 6 is that there was not any variation in enjoyment and
pleasant from day 1 to day 5. Similarly occur for the other two items concerning

Items 0 1 2 3 4 W-Avg

Joy and pleasure. 4 3 2 0 0 0.77

a better sense of physical well-being. 3 3 2 1 0 1.11

I was doing something good for my body and mind. 0 3 3 3 0 2

Safe from uncertainties. 6 0 2 1 0 0.77

I was more physically active (e.g. stretching exercises). 2 4 1 2 0 1.33

I was less mentally tired 4 3 1 1 0 0.89

Disturbed by the RSI software 0 4 2 1 2 2.11

I was developing a deeper understanding on how to prevent RSI 0 3 3 3 0 2

I was acting according to my true interest (e.g. moving naturally to
well-being)

1 3 2 3 0 1.78

The system was supporting me to make my commitments (e.g. changing
work habits)

2 3 2 2 0 1.44

Table 5.
UX based on the needs fulfillment on day 5 (N = 9).

Items Day 1 Day5

joy and pleasure. 4

3

2 S1, S6 S6

1 S2, S12 S1, S2, S12

0 S5, S9, S11 S5, S9, S11

I was doing something good for my body and mind. 4

3 S1, S6 S2, S6, S9

2 S5, S12 S1, S12

1 S9 S5, S11

0 S2, S11

I was developing a deeper understanding on how to prevent RSI 4

3 S6 S2, S6, S9

2 S1, S12 S1

1 S2, S9 S5, S11, S12

0 S5, S11

Table 6.
User experience variations along the study.
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usefulness and awareness. However, what we can remark is that there were two few
positive variations (colored in green), which correspond to subjects S2 and S9. Both
subjects started rating negatively, but at the end of the study, they considered that
the software was good for their own wellness, and to understand better on RSI
prevention. Both continued considering their level of enjoyment as negative though.

This was mainly because breaks used to be considered as interruptions. (S2)
“Interruptions while typing, and (interruptions) of the reasoning flow while working”. But
then these breaks were understood as a time for resting. (S9) “It reminds me that I must
relax”. Unfortunately, this change of attitude occurred only in these two subjects.

We observed also a negative variation (colored in red) that was detected in
subject S1, and subject S12. (S1) “When focusing on a task, being required to take a
break resulted to be from time to time counterproductive”.

5.1.4 Subjective rating of positive and negative UX

Participants rated the four items of in second part of the UX questionnaire that
correspond to positive/negative feelings and experience (i.e. “I had a positive expe-
rience”, “I had a positive feeling”, “I had a negative experience”, “I had a negative
feeling”). The collected responses at day 1 and day 5 (see Appendix A) have been
processed to facilitate their assessment, leading to overall indicators of UX
presented in Tables 7 and 8. Table 7 depicts the frequency for both positive and
negative UXs, in such a way that the overall UX is calculated by aggregating the
experience and feeling single items. It reports the distribution of the overall UX at
the beginning and at the end of the study. It clearly shows that there were a mix of
positive and negative user experiences.

In order to calculate the overall UX scores, we averaged the values assigned by
the respective participants using Workrave (WR) or SmartBreak (SB) along the
study, which are depicted in Table 8. It shows the corresponding overall UX of both
RSI software was somewhat negative.

On the overall positive UX, data revealed that software applications did not
manage to raise a significant or very positive UX. At the end, the ratings for positive
experiences suggest that systems were better considered than they were at the
beginning, low to moderate though.

Overall negative UX frequencies suggest that at the beginning there were not
much negative UX (notice that 46% replied Not at all), but participants manifested
that negative experiences and feelings became more intense at the end of the study.

Highly More or

less

Not at

all

Not at

all

More or

less

Highly

At the beginning Negative Positive

Workrave 9% 18% 9% 5% 32% 23% 14% 18% 9% 9%

Smart Break 0 0 9% 5% 14% 9% 9% 9% 0 0

Total 9% 18% 18% 10% 46% 32% 23% 27% 9% 9%

At the end

Workrave 0 22% 17% 11% 17% 11% 11% 22% 22% 0

Smart Break 0 0 6% 28% 0 11% 0 17% 6% 0

Total 0 22% 22% 39% 17% 22% 11% 39% 28% 0

Table 7.
Frequency distribution for overall positive and negative UX.
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5.2 Second stage: translating user needs into requirements

In order to discover requirements that should be addressed by a persuasive
software application (RSI software in particular) designed for helping people
change their behavior to achieve healthier habits, our analysis focuses on the UX
results and open-ended descriptive user responses (comments and suggestions).

By mapping user needs (first step of second stage) that were not fulfilled and
what people would like to have (results presented in Section 5.1), we found that the
premises P1 (Useful), P2 (user friendly), P3 (Unobtrusiveness), P4(Open), P5
(Cognitive consistency), P6(Incremental) were affected, which were accordingly
translated into usefulness, pleasure, unobtrusiveness, transparency, cognitive con-
sistency, and awareness requirements. For instance, from the questionnaire (I4, I5)
some participants showed their perceptions that the RSI software was not so useful
for keeping them more physically active and less mentally tired. It is also important
to remark that the usefulness perception of a software system could vary along the
time. (i.e. at the beginning some users expected the system would help to change
their habits positively but at the end this did not happen).

Analyzing these unfulfilled user needs, we found that both RSI software apps lack
some features related to dialog support, primary activity support and credibility
categories (second step of second stage). For example, Table 9 shows the discovered
requirements like transparency, awareness, and consistency, which are helpful for
implementing features from the dialog support category (i.e., providing relevant,
motivating and adequate feedback to its users). Other important requirements from
the primary activity support category are pleasure, usefulness and unobtrusiveness.
And transparency that helps also to the features from the credibility category.

5.3 Third stage: deriving sustainability-quality requirements

Considering the relations of the SQ model for each NFR(attribute) identified in
the previous stage, we found out other relevant requirements that contribute to the
sustainability dimensions.

For example, regarding the primary activity support, pleasure is positively
affected by adaptability. This attribute is relevant for contributing to the social and
technical sustainability of the RSI software. But as shown in Table 9, this require-
ment was not adequately addressed. If the RSI software had more information
about the current situation, an adapted modality of breaks reminder could be
delivered, which could influence positively on UX too.

It similarly occurred for usefulness, a key quality attribute that contributes to the
economic, social and technical dimensions (see Appendix B), and it is positively
related to learnability and effectiveness attributes (both from social dimension).
From the UX assessment (Table 9), we corroborated that learnability and effec-
tiveness were not satisfied by users. For instance, although Workrave provides an
animated coach to teach a series of body movements, the UX could be affected if the
content itself was not easy to learn/understand (learnability), or users were not able
to change some of the exercises proposed by the system (tailorability).

Day 1 Day5

Positive 1.4 1.73

Negative 2.68 2.51

Table 8.
Overall UX scores on day 1 and day 5.
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Given preferences can vary significantly over users with different profiles (ages,
interests, etc.), tailorability is an important requirement that must also be consid-
ered. From user suggestions, we found that this requirement was not fully
addressed. We also found that the break reminder could have a negative effect on

Category of

features

UNeeQ

Item

User comments (C) and suggestions (S) Premises NFR

Dialog Support I7, I10 C: “I cannot really say I may be satisfied with RSI
prevention as I do not know about the state of my
condition.”
S: “Give supporting messages that create awareness on
RSI (why it is important)...”

P4,
P6

Transparency,

Awareness

I8, I9 C: “the RSI software made me realize that I am
frequently taking brakes even without tool support”

P5 Cognitive

Consistency

Primary activity
support

I2 C: “I was always annoyed by it, especially when it
freezes the screen while I am in the middle of some
work.”
C: “the RSI software resulted to be quite annoying when
a break was triggered”
C: “The animation starts the exercise but the
instructions are in a long hard to read text, so at the
beginning it is annoying to read and see how the
animation started and you cannot follow it as still
reading”

P2 Pleasure

Usability
(operability)

I1, I4, I5 C: “It reminds me that I must relax”. P1,
P6

Usefulness,
Effectiveness

I6 S: “..somehow having a do not disturb mode in which it
does not interrupt you but uses a more subtly easy to
inform you”
C: “Interruptions while typing and (interruptions) of
the reasoning flow while working.”

P3, P2 Unobtrusiveness

I6 C: “I was busy sending some important emails, and I
had to wait for a couple of minutes for the computer to
unlock.”
C: “I tried to follow the instructions of the break, but
sometimes is not possible for me because you cannot
interrupt your activity of you are completing something
urgent or you are discussing our taking with someone
else using the screen...”

P3 Timeliness

S: “It would also nice to be able to choose your set of
exercises, or changing them for time to time.”
S: “blocking interruption stressed me. So, I preferred
the non-blocking interruption”

P6, P8 Tailorability

C: “Suggested exercises are not clear and I had a small
period of time to understand them”

P8 Learnability

C: “The RSI software resulted to be quite annoying
when a brake was triggered during a Skype call.”
C: “The software actually did not do anything. I did not
get any alert, any break, etc. (I was following a course
on coursera, which meant mostly watching a video) so
maybe that is the reason.”

Adaptability

Credibility I3 C: “The system showed me a stress bar when I did not
feel to be stressed”

Trust

C: “I better understood the meaning of the countdown
in the breaks (of the mouse is touched then it is
stopped...). I had the feeling that when I skipped
breaks, there were appearing often, and therefore
interrupting my working activity is not nice.”

P4 Transparency

Table 9.
NFR found from the UX assessment.
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the user’s experience due to that this reminder sometimes occurred in a not favor-
able time (lack of timeliness).

Finally, the third category, credibility, consists of two requirements that relates to
the confidence on software systems that behave as intended (trust) and transparency
of the system (implications and consequences of functionality such as skipping or
postponing breaks or when they will be offered should be clear to the user regardless
of the internal details on how they are being handled or implemented). Trust, an
attribute from the social and technical dimension of the SQ model, was derived
thanks to the positive relation with the pleasure attribute from the social dimension.

Table 9 presents the 6 NFRs discovered at the second stage (text in bold in the
last column) and 7 NFR derived from the SQ model at the third stage. By means of
our approach, in this stage we can also determine (i) the new potential features that
should be considered in further versions of the software for RSI prevention, and the
sustainability dimensions that can be covered with the implementation of the dis-
covered NFRs. Some of the identified features as potential improvements are shown
in Table 10. For example, the self-monitoring feature might help to address the
usefulness of applications because the system would be able to provide other means
to track user status through self-monitoring.

6. Threats to validity

In this section, we discuss the threats to the validity of our user study.

6.1 Internal validity

A threat related to the instrumentation could be caused by the questionnaires
used during the study. Aimed at mitigating this threat, the online questionnaires
were carefully reviewed and tested before running the user study. Given the type of
collected data (e.g. actual number of working hours), we decided to make responses
anonymous (IP were not recorded) and participants were informed of such ano-
nymity. But for our study, responses traceability between the first and second
questionnaire was required. Thus we asked participants to create a fictitious
username that still kept their responses anonymous.

Considering our user study took five working days and it was conducted in a real
setting with a null control, the threat of having a high number of dropouts (mortal-
ity) could not be reduced. But we tried to reduce it, by informing to the potential
participants beforehand about the length of the study, and the existence of a final
questionnaire that should only be filled in if the study rules were met, regarding

NFR Sustainability Dimension Candidate Features

Usefulness Economic, Social and Technical Self-monitoring (HELPS_TO–>)

Unobtrusiveness Social Tunneling and Reduction (<�-HELPS_TO)

Timeliness Social Rehearsal and Tunneling (<�-HELPS_TO)

Tailorability Social and Technical Tailoring and Personalization (<�-HELPS_TO)

Transparency Social Suggestion, Real-world feel, Praise, Verifiability,
Authority, Reminders, Third-party
endorsements, Trustworthiness, Rewards,
Expertise, Surface credibility (<�-HELPS_TO)

Table 10.
Example of candidate features and sustainability dimension covered by discovered NFR.
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duration and having worked with the computer normally during that time. We got
twelve participants from thirty invitees, who accepted our invitation. Once the
study was running we sent a couple of emails to remind deadlines for completing
the respective UX questionnaires. At the beginning of the study we had one partic-
ipant who dropped out from the study. And two more at the end of the study.

6.2 External validity

The first threat to consider is concerned with the interaction of selection and
treatment. This is the effect of having non-representative subjects. We attempt to
mitigate this threat by inviting office employees working with computers (i.e.,
senior researchers, programmers), as potential users interested in preventing RSI.
Regarding the size of our sample (2 partial responses, and 9 full responses), it could
be considered as small. But according to Bevan et al. [24], 80% of usability findings
are discovered after five participants. It is important to point out that our user study
focuses on the user experience and not on the effectiveness of the RSI software for
changing the behavior, and therefore we consider that the size of our sample is still
good enough for illustrating the application of our NUX-based approach. Indeed, if
the focus were on the behavior change effects, studies would necessarily be longer.

The second threat is concerned with the interaction of setting and treatment. We
mitigate this threat by conducting the user study in their natural working office
environment. Although originally our data collection plan was for 2 weeks, the study
was executed only for 1 week due to negative experiences already experienced during
the first 5 working days. Another threat is related to the representativeness of the
selected experimental objects (RSI software), although we focus on two desktop
applications, they cover common features of RSI software. However, we cannot
generalize the results to any persuasive software system since according to the PSD
model, the social influence category was not covered. Thus, this limitation can be
mitigated by means of further replications including other types of persuasive soft-
ware systems (e.g. activity trackers to encourage physical activity in non-working
environments at leisure time) where other requirements could be discovered.

7. Conclusions

The present research presents an approach for deriving sustainability quality
requirements from negative user experience. It starts by understanding the fulfill-
ment of user needs through a UX assessment (first stage). We used the PSD model
as the theoretical framework for designing our empirical research of persuasive
systems. A user study with 12 subjects working on their natural office environment
was carried out. Our UX assessment focused on two popular software systems for
preventing RSI (i.e. Workrave and Smartbreak). This study revealed that generally
most of the subjects had a negative UX with both RSI software at the end of the
study. It is important to remark that from our UX variation analysis, UX of the
participants was not much negative at the beginning (46% replied “Not at all”), but
along the study their experiences and feelings were changing to be more negative.

From the UX results based on needs fulfillment and user comments/suggestions, 6
NFRs of RSI software (i.e., usefulness, pleasure, unobtrusiveness, transparency, cog-
nitive consistency, and awareness) were discovered (second stage). Then 7 additional
NFRs were derived from the SQ model by means of the existing predefined relations
among quality attributes that contribute to the social, technical, economic, and envi-
ronmental dimensions (third stage). All these requirements are helpful for identify-
ing candidate features related to dialog support, primary activity support and
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credibility categories. Addressing requirements such as awareness, pleasure and con-
sistency, RSI software apps will be in a better capability to provide relevant, moti-
vating and adequate feedback to users. The second group of requirements such as
unobtrusive, timely, learnability, usability (operability), usefulness, adaptability will
enable RSI software apps to provide a better activity support for the system goal
achievement (i.e. reduction and prevention of RSI, main goal of our selected soft-
ware). The third group of requirements relates to the perceived credibility of the
software system, where transparency and trust are very important requirements that
positively could affect users to continue using the software system.

In order to support the derivation of requirements and features for improving
the sustainability of persuasive systems (RSI software apps in our case), our SQ
model along with its relationships with the PSD model has been implemented in
Neo4j Graph platform, allowing us to search for potentially relevant attributes by
querying and navigating the model interactively.

Appendix A: data collection

At the beginning 0 1 2 3 4

I had a positive experience

Workrave 3 1 2 1 1

Smart Break 1 1 1 0 0

I had a positive feeling

Workrave 2 2 2 1 1

Smart Break 1 1 1 0 0

I had a negative experience

Workrave 3 1 1 2 1

Smart Break 2 0 1 0 0

I had a negative feeling

Workrave 4 0 1 2 1

Smart Break 1 1 1 0 0

Table 11.
Overall UX at the beginning of the study (N = 11). Data collected from the RSI case presented in [7].

At the end 0 1 2 3 4

I had a positive experience

Workrave 1 2 1 2 0

Smart Break 1 0 1 1 0

I had a positive feeling

Workrave 1 0 3 2 0

Smart Break 1 0 2 0 0

I had a negative experience

Workrave 2 1 1 2 0

Smart Break 0 3 0 0 0
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Appendix B: the SQ model

At the end 0 1 2 3 4

I had a negative feeling

Workrave 1 1 2 2 0

Smart Break 0 2 1 0 0

Table 12.
Overall UX at the end of the study (N = 9). Data collected from the RSI case presented in [7].

Figure 6.
Quality attributes of the SQ model defined according to [9, 19].
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