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User eXperience (UX) refers to a holistic perspective and an enrichment of 

traditional quality models with non-utilitarian concepts, such as fun, joy, pleasure, 

hedonic value or ludic value. In order to evaluate UX in software applications, several 

technologies (tools, methods, techniques) have been proposed that range from using 

questionnaires to employing biometrics to gather quantitative and qualitative data on 

users’ experience. However, there is a need for research in the development of specific 

UX evaluation technologies that are easy and comfortable to use from the point of view 

of users, while supporting software engineers in the correction of the aspects that cause 

poor experiences. Additionally, new UX approaches should be proposed for evaluating 

mobile applications, as there is still a shortage of methods for this type of applications, 

which is rising in demand. This doctoral dissertation proposes an alternative approach 

for evaluating mobile applications called Redesigning for EXperience (REX), which 

intends to be less intrusive for users when extracting UX data, while generating reports 

containing design suggestions for improving the UX. We assessed the acceptance of the 

initial versions of the REX approach from the point of view of users and software 

engineers in two studies. When compared to 3E, a qualitative UX evaluation method, 

the results showed that REX was perceived as more fun, useful and more interactive. 

Additionally, software engineers considered REX useful and easy to understand, while 

suggesting improving its report to facilitate its understanding and increase its use. After 

working on the improvements opportunities from the empirical studies, we developed a 

tool support for the REX approach called the REX report generator. Also, we carried 

out an observational study to verify to which extent the REX approach could be applied 

in a real software development project. Thus, REX was employed by users to evaluate a 

mobile educational application and a discussion meeting was held with the software 

development team to discuss the improvement suggestions provided by REX to support 



 

 
 

the redesign process. The findings from the observational study indicated the 

satisfaction of users to report their experience with the REX approach, while the 

members of the development team agreed with the usefulness of the REX report and its 

improvement suggestions. By providing design suggestions, we aim to support software 

engineers in improving the UX of the developed mobile applications, thus increasing 

their quality and acceptance in the market.  

 

Keywords: User eXperience, Software Quality, Literature Review, Empirical Study, 

Evaluation Approach, User Interface, Redesign Suggestions, Mobile Applications, UX 

Evaluation Tools. 
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1 Introduction 

This chapter presents an introduction to this research. Besides 

providing a contextualization, we present the motivation, goals 

and the applied research methodology. Finally, we present the 

structure of this document regarding the development of 

proposals for the evaluation and suggestion of improvements in 

mobile applications aiming at improving their UX. 

1.1 Context 

As the number of mobile devices has increased, software development teams have 

focused on releasing mobile applications, allowing users to carry out business 

transactions, access information and improve their lifestyle more efficiently (Sarwar and 

Soomro, 2013). Nevertheless, even when providing useful means for carrying out daily 

tasks, users report dissatisfaction or frustration when using these applications (Hu et al., 

2006). In this sense, in order to improve the adoption and acceptance of mobile 

applications, software developers need to improve their ease of use and the emotions 

that they convey (Ervasti et al., 2011). 

Usability is one of the main attributes that represent software quality. According 

to the ISO 25010 (2011), usability is “the capability of the software product to be 

understood, learned, operated, attractive to the user, and compliant to 

standards/guidelines, when used under specific conditions”. In that context, usability 

subsumes the aspects of how easy a software application can be used, such as 

learnability, operability, aesthetics, and others. 

Usability is fundamental for achieving software acceptability. According to 

Mendes et al. (2006), if an application is not usable, it will be soon replaced by a more 

usable one or will not be used at all. Moreover, the results from an empirical study 

regarding the importance of software attributes pointed out that usability was considered 

a key attribute for the development of high-quality software (de la Vara et al., 2011).  
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Despite the increasing attention that usability has achieved in the software 

engineering community (Fernandez et al., 2011), a new term, “User eXperience” (UX), 

has emerged as a new phrase for new ways of understanding and studying the quality in 

use of interactive products (Bargas-Avila and Hornbæk, 2011). UX is defined as the 

“person’s perceptions and responses that result from the use and/or anticipated use of a 

product, system or service” (ISO 9241, 2010). 

The key focus of the UX movement is on the experience of the interaction with a 

product. Hassenzahl and Tractinsky (2006) state that UX is a consequence of a user’s 

internal state (predispositions, expectations, needs, motivation, mood, etc.), the 

characteristics of the designed system (e.g., complexity, purpose, usability, 

functionality, etc.) and the context (or the environment) within which the interaction 

occurs (e.g., organizational/social setting, meaningfulness of the activity, voluntariness 

of use and others). Thus, UX research represents “a turn to experience” searching for 

new approaches for the design of interactive products, which accommodate experiential 

qualities of technology use rather than product qualities (Hassenzahl et al., 2010). 

Vermeeren et al. (2010) point out that the relationship between usability and UX 

is intertwined. While usability focuses on task performance (e.g., measuring task 

execution time, the number of clicks or errors), UX focuses on lived experiences, 

analyzing peoples’ emotions while interacting with software products. In that context, 

usability is related to UX. Therefore, as UX is subjective, objective usability measures 

are not sufficient for measuring UX. It is necessary to analyze how the user feels about 

the software application while performing tasks on it. 

1.2 Defining and Evaluating User eXperience 

New research has identified that functionality and usability are just not enough for 

customers who want products that “dazzle their senses, touch their hearts and stimulate 

their minds” (Hassenzahl, 2005). According to Bargas-Avila and Hornbæk (2011), 

existing usability research is too focused on task efficiency and work, and therefore, 

there is a need for more encompassing notions of quality. In that context, User 

eXperience (UX) research has emerged, also focusing on hedonic qualities of product 

use (Bargas-Avila and Hornbæk, 2011). 
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Several definitions have been given to the term User eXperience. For instance, 

Isomursu et al. (2004) state that UX is the totality of the subjective experience of using 

an application in a situation. Authors who agree with this definition state that as UX is 

formed in a dynamic relationship between the user and the device, the application and 

the usage environment, it cannot be evaluated in a vacuum. Additionally, UX is also 

considered going beyond the task-oriented approach of traditional Human Computer 

Interaction (HCI) by bringing out aspects such as beauty, fun, pleasure, and personal 

growth that satisfy general human needs but have little instrumental value (Kujala et al., 

2011). Similar definitions are provided by other authors (Hassenzahl, 2005; Väätäjä et 

al., 2009; Vermereen et al., 2010; Gegner and Runonen, 2012). In this sense, the key 

focus of UX is considering attributes beyond the instrumental such as users’ emotions 

before, during and after their interaction with a software application. 

Hassenzahl (2005) states that when designing a product, a designer chooses and 

combines certain features (e.g., content, presentational style, functionality, interactional 

style) to convey an intended product character. When a user comes in contact with a 

product, first (s)he perceives the product’s features. Then, (s)he constructs a personal 

version of the product character, leading to consequences such as: (a) the judgment 

about the product’s appeal (e.g., “It is good/bad”), (b) emotional consequences (e.g., 

pleasure, satisfaction) and (c) behavioral consequences (e.g., increased time spend with 

the product). The consequences of the character of a particular product are not always 

the same, as they are moderated by the specific usage situation. 

The attributes that a product can possess can be distinguished based on the 

functions of the product and can be categorized into pragmatic and hedonic. Pragmatic 

attributes are related to the manipulation of the environment and focus on providing 

functionality (i.e., utility) and ways to access that functionality (i.e., usability). In this 

sense, a software application with pragmatic attributes will provide the necessary 

functionalities to carry out a task, and employing it should also be intuitive in a way that 

a user can figure out how to use it. Hedonic attributes, on the other hand, emphasize the 

individuals’ psychological well-being and are related to pleasure. Hedonic quality 

focuses on aspects of stimulation, identification, and evocation. Stimulation is related to 

personal development, identification addresses the expression of the self and the user’s 

values to others, and evocation refers to the product’s ability to provoke memories such 

as important past events or relationships. Consequently, software applications with 
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hedonic attributes will be perceived as “outstanding”, “impressive”, “exciting” and 

“interesting” (Hassenzahl, 2005). 

It is necessary to evaluate user experience (considering both hedonic and 

pragmatic attributes) within the development process and during their use in order to 

obtain a complete understanding of the users’ needs, thus providing a better user 

experience (Bevan, 2008). In order to assist in the observation of UX, Figure 1-1 

presents some factors that are related to the observation of UX. In this sense, pragmatic 

attributes can be observed through traditional usability (e.g., task execution time, the 

number of clicks or errors) (Vermeeren et al., 2010). However, hedonic attributes 

dealing with emotion require further investigation. Desmet (2005) indicates that 

emotions should be treated as multifaceted phenomena consisting of the following 

components: behavioral reactions (e.g., retreating), expressive reactions (e.g., smiling), 

physiological reactions (e.g., heart pounding), and subjective feelings (e.g., feeling 

amused). To gather information on the users’ emotions, two types of instruments have 

been proposed (Desmet, 2005): non-verbal (objective) instruments and verbal 

(subjective) instruments. 

 

Figure 1-1 Factors related to UX suggested by Bevan (2008) 

Non-verbal instruments comprise mechanisms that allow observing either the 

expressive or the physiological component of emotion. An expressive reaction (e.g., 

smiling or frowning) is the facial, vocal, and postural expression that accompanies the 

emotion (Desmet, 2005). On the other hand, verbal self-report instruments typically 

assess the subjective feeling component of emotions. A subjective feeling (e.g., feeling 

happy or feeling inspired) is the conscious awareness of the emotional state one is in. 

Subjective feelings can only be observed through self-report. The most often used self-

report instruments require respondents to report their emotions with the use of a set of 

rating scales or verbal protocols (Desmet, 2005). 
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When applying one of the instruments above, the observed period of experience 

details when the UX observation can be carried out in product usage (Kujala et al., 

2011). If a UX instrument can be applied before using an application, we measure the 

expectations of the user regarding the product concept. On the other hand, UX 

observations performed during product usage (in momentary episodes) are more 

complex, as the observer must gather data while the informant is carrying tasks or 

exploring the hedonic/pragmatic aspects of the software application. It means that UX 

instruments that allow gathering data during product usage are more intrusive and, thus, 

special care must be taken to ensure that observing UX does not affect the experience 

itself. Additionally, most UX assessment technologies allow gathering data after an 

episodic experience (Vermeeren et al, 2010). By asking questions or making a 

retrospection analysis, the observers can gather information on aspects that the users 

reflected on regarding their UX. Finally, assessing UX over time allows gathering UX 

data before, during and after the different cumulative episodic experiences of the user. 

Although this type of assessment is richer in information on the aspects that affect 

product attachment, its main disadvantage is that the users may not be available to carry 

out an evaluation for such a long period, or the development team may not have time to 

carry out such long-term UX studies. Furthermore, despite the moment in which the 

evaluation is carried out, some users may not remember specific aspects of their 

interaction/expectations, while others may have difficulty in expressing their 

experiences. 

New UX evaluation methods have been proposed in order to assist software 

engineers in choosing an appropriate design for software applications, to ensure that the 

development is on the right track, or to assess if the final product meets quality 

standards regarding UX (Vermeeren et al., 2010). However, besides allowing the 

identification of UX problems, UX evaluation methods need to be usefully employed in 

product development and be easy to use by both practitioners and users at a lower cost 

(Bargas-Avila and Hornbæk, 2011). Additionally, it is still necessary to develop 

evaluation technologies that consider the specific characteristics of mobile applications, 

to achieve better results (Vermeeren et al., 2010). 

Given the current needs regarding UX evaluation methods, we are interested in 

developing technologies (methods, tools, processes, others) that can be applied to ensure 

the quality of UX of mobile applications in the development process guided by software 
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engineering standards. In the following subsection, we describe the problem to be 

solved in this research and the goals to be achieved.  

1.3 Problem and Goals 

According to Juristo et al. (2007), some of the benefits of including usability and UX 

principals within the software development process guided by Software Engineering 

standards, are: (a) improving the ease of use of the interfaces, (b) increasing user 

productivity, and (c) reducing time and costs in the development, user training, software 

maintenance and software documentation. In that context, this research is motivated by 

the need of technologies that can be employed by software engineers that are willing to 

improve the quality of their developed mobile applications regarding UX. 

In software engineering, when using an iterative development approach, we set 

aside time to improve what we have developed (Cockburn, 2008). In that context, 

instead of integrating the software deliverables at the end of the cycle, we examine it 

from various standpoints (e.g., Was it the right thing to develop?; Do the users like the 

way it works?; Does it work fast enough?). To this end, there are two particular, 

specialized rework strategies: 

• To develop the software application as well as possible in the thinking that if it 

is done sufficiently well, the changes will be relatively minor and can be 

incorporated quickly; 

• To develop the least amount possible before sending out for evaluation, in the 

thinking that less work will be wasted when new information arrives. 

In both strategies, the purpose is to examine the software from various 

standpoints in order to improve product quality, verifying if we are developing the right 

thing, if users like the way it works, and if it meets other necessary requirements. 

According to Travassos et al. (1999), by applying evaluation techniques early in 

development to identify problems or improvement opportunities; we can improve 

software quality while reducing costs regarding rework, as problems will be found 

before releasing the product into the market. Analogously, by applying evaluation and 

redesigning applications in each iteration, we can improve their quality as well by 

making changes that improve their UX. The second strategy is mostly applied in mobile 

applications, where the development of new Application Programming Interfaces 
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(APIs) allow software development teams to accommodate new feature requests, fix 

bugs,  meet new  standards  and provide  higher performance (McDonnell et al., 2013). 

Therefore, this research aims at employing iterative strategies to evaluate and suggest 

improvements in mobile applications to improve their quality regarding UX. In this 

sense, our research question is: 

“How can we support software engineers in the evaluation and redesign of mobile 

applications providing a positive UX?” 

We are interested in providing solutions applicable to software engineers in the 

context of mobile applications. The focus of mobile applications was selected due to the 

nature of these applications, which follow an iterative development lifecycle, 

developing features and improving them as the software is released in the market 

(Khalid et al., 2014). Also, researches showed that as the number of devices has 

increased (IDC, 2015; GWI, 2014), it is necessary to design proper applications that 

meet the users’ expectations (Khalid et al., 2014). As a result, besides allowing software 

engineers to identify UX problems, we are interested in assisting these practitioners in 

correcting them. This will be done by employing an iterative strategy, aiming at 

facilitating the evaluation process, both for software engineers and end users. 

By creating techniques and a process to guide software engineers during the 

evaluation and redesign of mobile applications, we intend to: (a) facilitate the evaluation 

process, by providing support; (b) reduce the time spent during the evaluation, since 

they will be able to know what data to gather; (c) increase the number and relevance of 

the identified problems aiming at identifying problems having a negative impact on the 

user experience; and (d) facilitate the correction of the identified problems by indicating 

suggestions of what could be improved. Therefore, the main goal of this research is to 

create, empirically evaluate and evolve a set of technologies for the UX evaluation and 

suggestion of improvements of mobile applications. These technologies will guide 

software engineers during the problem identification and correction processes. To 

achieve that goal, we have decomposed it in the following specific goals: 

• To identify improvement opportunities in UX evaluation methods and design 

proposals and include them in the development of our approach. 
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• To create a set of technologies for the evaluation and suggestion of 

improvements of mobile applications aiming at achieving a positive UX. 

• To evaluate the performance of our proposal regarding time spent, identified UX 

problems, false positives, the suggestion of improvements, to identify 

improvement opportunities in the developed technologies and facilitate their use. 

• To present empirical evidence of the performance of the proposed technologies 

in the context of software development projects, aiming at verifying their 

feasibility in industrial settings. 

Considering these goals, we proposed an alternative approach (i.e., a technique 

and tool) for evaluating mobile applications called Redesigning for EXperience (REX), 

which intends to be less intrusive for users when extracting UX data, while generating 

reports containing design suggestions for improving the UX. We assessed the 

acceptance of the initial version of the REX approach from the point of view of users 

and software engineers in two studies. When compared to 3E, a qualitative UX 

evaluation method, the results showed that REX was perceived as more fun, useful and 

more interactive. Additionally, software engineers considered REX useful and easy to 

understand, while suggesting improving its report to facilitate its understanding and 

increase its use. 

Following the suggestions from users and software engineers from the first 

empirical study, we developed a tool support for viewing the UX evaluation results and 

improvement suggestions called the REX report generator. Also, we carried out an 

observational study to verify to which extent the REX approach could be applied in a 

real software development project. The findings from the study indicated the 

satisfaction of users to report their experience with the REX approach, while the 

members of the development team agreed with the usefulness of the REX report and its 

improvement suggestions. By providing design suggestions, we aim to support software 

engineers in improving the UX of the developed mobile applications, thus increasing 

their quality and acceptance in the market. In the following subsection, we explain our 

methodology for the development, evaluation, and improvement of the REX approach. 

1.4 Methodology 

In order to achieve the goals of this research, we applied a methodology based on 

evidence, which uses empirical studies to evaluate and evolve software technologies. 
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Empirical studies allow researchers to answer questions that examine or identify 

problems in new proposals (Shull et al., 2001). Furthermore, our methodology also 

adopts secondary studies which identify, interpret and evaluate a determined research 

topic (Mafra et al., 2006), so that these results can be used in the proposal of the new 

technologies. 

According to Shull et al. (2001), an empirical methodology is an approach that 

allows evolving a technology from its definition to its transfer to the software industry 

by carrying out empirical studies. Table 1-1 shows what type of studies can be 

performed, their purpose and the research question that they aim at answering. The 

order in which the questions are applied intends to avoid rework by: (a) identifying 

basic and fundamental problems with the technology that can generate drastic changes 

at the beginning of its definition; and (b) identifying specific problems with the 

technology that require smaller changes to be corrected. 

Table 1-1 Questions to be answered on the empirical methodology by Shull et al. 

(2001) 

Type of Study Research Question Purpose 

Feasibility Study Are the results of the 

process useful and is 
time well spent? 

To determine if it is feasible to 

use the technology. 

Observational Study Do the steps of the 

process make sense? 

To observe the technology in 

order to improve the researchers’ 

understanding of its application 
and to allow its improvement. 

Case Study (in the 

lifecycle) 

Is the process adequate 

to the real lifecycle? 

To analyze the technology in a 

specific context of the lifecycle 

and to characterize its 

application. 

Case Study (in the 

industry) 

Is the process adequate 

to the industrial 

environment? 

To identify if there are problems 

in the integration of the 

proposed technology in an 
industrial environment. 

 

Mafra et al. (2006) indicate that besides carrying out empirical studies, it is 

necessary to carry out secondary studies. While empirical studies allow testing 

hypotheses, secondary studies allow collecting relevant data on a research topic. 
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Therefore, Mafra et al. (2006) extended the methodology proposed by Shull et al. 

(2001) dividing it into two main stages: (a) the first stage, in which secondary studies 

would be performed; and (b) the second stage, which corresponds to Shull’s et al. 

(2001) original methodology. 

Figure 1-2 shows our research methodology. This methodology adapts the 

methodology by Mafra et al. (2006) considering secondary studies to gather information 

on needs of the software industry regarding evaluation and design technologies for 

meeting UX principals. Also, it applies empirical studies to evaluate our proposal in the 

evaluation and suggestion of improvements for mobile applications. We will now 

describe the activities from each stage of the methodology: 

• Literature Review: We carried out secondary studies to gather information on 

evaluation and (re)design technologies in order to identify improvement 

opportunities. 

• Initial Evaluation of the Existing Methods: During this stage, we carried out 

initial studies to evaluate existing proposals for the evaluation and (re)design of 

software applications aiming at achieving a high-quality UX. During this 

evaluation, we have selected a subset of the identified methods from the 

Literature Review stage in order to identify their strengths and gather a set of 

features to be incorporated in our proposal. 

• Development of Technologies for UX Evaluation and Suggestion of 

Improvements: During this stage, we have incorporated the identified features 

from both the Literature Review and Initial Evaluation Stages to propose a set of 

technologies aiming at evaluating and suggesting improvements for mobile 

applications. The goal of this stage is to condense the gathered data to make a 

proposal that meets the current needs in the UX research area, assisting software 

engineers in the evaluation process of mobile applications, while suggesting 

what could be changed to solve the identified problems. 

• Execution of Empirical Studies: During this stage, we have performed 

feasibility studies in order to determine whether the results of applying our 

approach are feasible. 
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• Refinement of the Technologies: Based on the results from the empirical 

studies, we made modifications in the proposed technologies, aiming at 

improving their performance and facilitate their use. 

 

Figure 1-2 Applied research methodology for the creation, evaluation, and 

evolution of the proposed technologies 
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• Development of Tool Support to Facilitate Applicability: Also, 

simultaneously to the Refinement stage, we have gathered a set of requirements 

for suggesting supporting tools for facilitating the use of our approach. Such 

tools were proposed based on: (a) the difficulties encountered by software 

engineers when applying our approach when evaluating and redesigning mobile 

applications aiming at achieving high-quality UX; (b) requirements suggested 

within the literature review; and (c) results from our initial evaluation of UX 

evaluation and (re)design methods. 

• Further Evaluations and Evolution: Finally, during this stage, we have 

performed other types of empirical studies, such as observational studies to 

gather further data on how to apply our proposal in order to achieve better 

performance or meet the needs of the software industry. These results have also 

been considered in the refinement of our approach, aiming at facilitating its use 

by software engineers in an industrial environment. 

1.5 Organization 

This doctoral dissertation presents our findings on methods for evaluating and 

(re)designing software applications for a positive UX, and how we used these and the 

results from initial empirical evaluations to propose the Redesigning for EXperience 

(REX) approach. Additionally, we present the empirical evaluations of REX and its 

refinements during the execution of this research. The remainder of this document is 

organized as follows: 

Chapter 2 – Related Work discusses the results from literature reviews aimed 

at identifying needs in new proposals of UX evaluation methods. Besides identifying 

these methods, this chapter discusses requirements that need to be met by future UX 

evaluation proposals. Also, this chapter presents an overview of UX design methods and 

other existing alternatives that can be applied for gaining insights into how to improve 

the UX of a software application. 

Chapter 3 – Initial Studies of UX Evaluation and Design Technologies 

presents an empirical study of specifically selected methods for evaluating UX in 

interactive products. Besides explaining how we applied the selected methods, we 

compared their performance and cite relevant features and suggestions to be considered 

in future proposals for UX evaluation. Furthermore, we present the results of a 
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qualitative study in which novice software engineers applied design suggestions in order 

to correct pragmatic problems in mobile applications. The results also indicate what can 

be improved when applying design suggestions to correct UX problems. 

Chapter 4 – The Proposed Technology shows how we analyzed the data 

collected from our previous literature reviews and empirical studies, to propose an 

approach for the evaluation and suggestion of improvements in mobile applications. 

This chapter presents the REX approach, its development, its tools support and an 

application example. 

Chapter 5 – The Initial Evaluations and Improvements of REX shows the 

initial evaluations of the REX approach, evaluating the performance of our proposal and 

its acceptance. In this chapter, we present the results from two empirical studies, one 

evaluating REX from the point of view of users, and the other one evaluating REX from 

the point of view of software engineers. Also, we present the changes made in our 

proposal, presenting the initial version of the REX Report Generator tool, which was 

developed to facilitate viewing the results from a UX evaluation using REX. 

Chapter 6 – An Observational Study of REX shows the performance of REX 

in an observational study, where it was employed to evaluate the UX of a mobile 

educational application under development. In this chapter, we also gathered 

information on the applicability of REX from the point of view of users and software 

engineers. 

Chapter 7 – Conclusions and Future Work presents the conclusions and 

contributions from this research. Also, it discusses future work to be carried out in order 

to continue this research. 



 

14 

 

2 Related Work 

This chapter presents concepts regarding user experience to 

better ground this research. Besides, defining attributes that 

should be considered when observing UX, this chapter discusses 

the results from literature reviews by other authors that were 

carried out to identify UX evaluation methods and improvement 

opportunities. 

2.1 Introduction 

Identifying and analyzing current research in the field of UX evaluation is crucial to 

understand what works or not in specific situations. Several researchers have studied the 

existing proposals in terms of UX evaluations methods to provide both industry and 

academy with an overview of these methods and the conditions in which they can be 

applied. 

Jordan (2003) condensed research for designing pleasurable products, indicating 

the need of considering further features besides usability (e.g., pleasure). In his book, 

the author gathered not only UX evaluation methods for identifying UX problems but 

also methods for designing products meeting UX criteria. Although the summary on UX 

evaluations was short, the book provides readers with an awareness of the issues 

associated with creating pleasurable products. 

To investigate the different available UX evaluation approaches, Vermeeren et 

al., 2010 carried out a review where 96 UX evaluation methods were identified. They 

characterized the methods according to their origin, type of collected data, evaluated the 

type of applications and others, and found out that there is a need for methods for the 

early phases of development and that special attention should be given to proposing UX 

methods that are practical to use. Bargas-Avila and Hornbæk (2011), on the other hand, 

focused on identifying papers where empirical studies were performed in the field of 

UX. The authors identified a total of 51 studies and indicated the type of employed 

methods within the studies and the UX dimensions that were assessed. Although their 
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review was not specifically performed for characterizing UX evaluation methods, the 

authors identified 15 papers describing UX evaluation methodologies. 

Another generic review was performed by Law (2011). In their review paper, the 

author explored UX metrics and types of methods that could provide those metrics. 

Such review can provide a basis for understanding UX and future needs in the field of 

UX evaluation. Bargas-Avila and Hornbæk (2012) also provided a ranking of UX 

evaluation technologies and the aspects that these methods evaluated through the 

analysis of the data from their previously published review (Bargas-Avila and Hornbæk, 

2011). Moreover, Rajeshkumar et al. (2013) carried out an analysis of UX evaluation 

methods identified in other reviews, considering the review by Vermeeren et al. (2010), 

providing an overview of how UX methods have been applied and a categorization to 

assist software engineers in their application. 

Other reviews focused on a specific category of UX evaluation methods. For 

instance, the reviews by Frey et al. (2013) and Balters and Steinert (2015) focused on 

the evaluation of UX by means of physiology measurement. According to Frey et al. 

(2013), physiological sensors and neuroimaging allow exploring concepts such as 

workload, attention, vigilance, fatigue, error recognition, emotions, engagement, flow 

and immersion, which could assist in the evaluation of UX. In their work, the authors 

explain the physiology of the human body and describe methods that can be applied to 

gather UX data based on considering the human response to a stimulus. Furthermore, 

Balters and Steinert (2015) provide an overview of current studies using physiology 

sensors in engineering and human–computer interaction settings. Although details on 

how the review was performed were not provided, the authors provide a list of papers 

describing the physiological measurement of UX. 

Although there are several reviews that provide indicators of current needs in the 

field of UX evaluation, we still need to understand how the identified methods work, 

and how they have been employed. Thus, it is necessary to dig deeper, finding further 

information on these methods and the situations in which they prove useful for 

assessing the UX and identifying problems. In the next subsections, we describe the 

results from a literature review, where we analyzed the methods cited by Vermereen et 

al. (2010) and carried out an extension of their review to identify methods that have 

been proposed since the publication of their paper. Also, following the identification of 
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improvement opportunities, this chapter discusses the use of interface design 

suggestions as a means for correcting UX problems, and which technologies in such 

context have been considered for the proposal of our approach. 

2.2 UX Evaluation Methods 

Based on the analysis of our systematic literature review, Figure 2-1 shows a 

categorization considering the way in which the UX data is gathered. Below, we 

describe each of the categories, and we will also cite examples of technologies for each 

category. Additionally, when citing a paper that was considered in our review, we use 

the letter S (Selected) followed by the paper’s sequence number (i.e., SXX). Interested 

readers can find the complete list and categorization of papers reporting UX evaluation 

technologies in Appendixes B and C; and a thorough description of our review in a 

technical report (Rivero and Conte, 2016).  

 

Figure 2-1 Types of identified UX evaluation methods 

In essence, technologies such as scales, forms, interviews, and checklists do not 

provide innovative means for assessing UX. However, it is the new evaluated UX 

factors that make this type of technologies essential. For instance, some methods focus 

on the evaluation on emotions in the dimensions of valence (happiness-sadness), arousal 
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(aroused-sleepy) and dominance (controlled by or in control of the situation). 

Additionally, other approaches propose specific items for evaluating pragmatic quality 

(PQ), Hedonic Quality (HQ) and attractiveness (ATT). An example of such methods is 

the AttrakDiff instrument in the format of semantic differentials [S6]. It consists of 28 

seven-step items whose poles are opposite adjectives (e.g., “confusing - clear,” “unusual 

- ordinary,” “good - bad”). Other forms such as the one provided in the Sentence 

Completion [S47] method can be employed to assess a variety of constructs, including 

motivations and attitudes. By providing only the beginning of a sentence, a researcher 

gives the topic, but respondents have the freedom to respond to it as they wish. 

As scales and forms are quick and easy to use, if implemented online, they can 

allow gathering data from distributed users covering different user profiles and can 

enable gathering data both on positive and negative experiences. Currently available 

forms and scales allow gathering information on the degree of acceptance of software, 

the emotions that users are feeling when using it, and information on the degree of 

portrayed hedonic attributes, such as beauty, identification, evocation, and stimulation.  

Furthermore, UX checklists are being applied by software engineers and UX designers 

to fulfill specific UX attributes and check whether the application is following UX 

standards. 

Some current UX evaluation methods, such as experience sampling, allow users 

to report their experience at specific moments of their day. While a device periodically 

senses their physiological responses to stimulus, users are asked how they are feeling, 

and the context they are in. The main advantage of employing these methods is having 

users experiencing the applications in real usage scenarios, gathering valuable 

information to improve UX. Authors employing these methods suggest enhancing these 

evaluation technologies to gather further information on the context of use of the 

application, without interrupting the user. This will provide designers with further 

information to address the issues for a poor UX and the contexts in which specific 

hedonic and pragmatic features are desired. 

Another type of UX evaluation technology that allows gathering information on 

the users’ psychophysiological responses or their reaction towards a stimulus is 

controlled user monitoring. This type of technology, however, is applied in controlled 

environments, which can have an effect over how the user behaves. In that context, the 
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gathered information can be useful for identifying improvement opportunities or 

reactions towards the stimulus that the evaluator is examining, reducing the effect of 

undesired conditions. Furthermore, at the end of the evaluation, the evaluators can 

request further information from the users by applying other UX evaluation techniques, 

gathering further data to refine the evaluated software. 

In the category of retrospective analysis techniques, users are asked to recall 

information. Then, several instruments can be applied to gather the recalled data. For 

instance, in the use of the iScale [S29], participants are asked to sketch how their 

opinion on a given product quality (e.g., the perceived usability of a product) has 

changed over a course of time. In essence, participants sketch linear segments with a 

certain slope (which denotes the change in the value of the reported quality) and length 

(which denotes the temporal span of the reported period). Participants may then 

associate each line segment with one or more experiences that are believed to have 

induced the given change in their perception of the product quality. Although it may be 

difficult for some users to remember specific events during their experience, a 

retrospection method allows users to report on the main events that affected their 

experience. Furthermore, these methods can be useful to confront users with previously 

gathered data (by means of applying experience sampling methods), which will allow 

software engineers to understand the key aspects that affected an experience. 

Exploration with acquaintances is another way of letting users discuss the 

positive and negative aspects of their experience, however without the intervention of 

an evaluator. The main advantage of this approach is that users tend to comment based 

on the opinions of others and this method could encourage shy users to open to their 

friends and report on their experience. This type of method can also be useful for 

monitoring users’ reactions towards an application when socializing. This information is 

relevant for gaining a holistic view of users’ interaction with the evaluated applications 

and other users. 

Last but not least, probes have emerged as an alternative for motivating and 

inspiring users in a user-centered design process. We can use materials such as 

multimedia and objects to engage users in the design process of an application. This 

approach is useful for finding means to understand customers and new ways for meeting 
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their needs. Having probes can allow us to communicate with users and let our 

creativity help them improve the quality of the developed application. 

2.3 Improvement Opportunities in UX Evaluation Methods 

When analyzing the results from our systematic mapping study (Rivero and Conte, 

2016), we considered a total of 283 publications (See Appendixes A and B). As a result, 

we noticed that quantitative data is mostly analyzed when monitoring users’ physiology 

or categorizing the overall opinion of users through scales. On the other hand, 

qualitative data is analyzed when digging deeper into the users’ opinion, or when trying 

to understand the causes for a poor experience. Therefore, new UX evaluation 

technologies should take into account both quantitative and qualitative data; therefore, 

allowing the UX evaluation technologies to provide more consistent and complete 

evaluation reports on hedonic and pragmatic aspects. 

Regarding the evaluated type of application, we identified that new types of 

applications are arising and more methods for applications of ubiquitous computing are 

gaining attention in the field of UX. We identified that there are methods that are broad 

enough to be applied in the evaluation of any type of interface, while others focus on 

Web applications and Mobile applications, yet these numbers are still low (we only 

identified 24 techniques – around 8% of the selected papers from our review). However, 

the “other types of applications” category had the highest number of papers (above 

40%). The methods within these papers evaluated games, recommended systems, 

management tools, e-learning systems, virtual reality applications, museum guide 

applications and others. However, games are receiving more attention due to the 

importance of user experience in the engagement of users. 

We also investigated how many of the current proposals provided support and 

what kind of support this was. In this sense, only around 6% of the papers described 

methods in which support was provided. From these methods, some recommend: (a) 

employing the identified violated UX principals and making changes in the application 

to reflect those rules [S68]; (b) asking the user what could be improved [S57], and (c) 

extracting improvement opportunities from the obtained data [S111]. Nevertheless, few 

methods suggest the specific steps for modifying the interface or the process for 

extracting the improvements opportunities. Additionally, as UX is personal, it may be 
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difficult for users to suggest solutions that may apply to most users without being 

previously tested. This result suggests that new proposals in UX evaluation should also 

consider indicating how to correct the identified UX problems in a way that software 

engineers can make improvements in the application, enhancing its UX. 

Finally, regarding the availability of the methods, we noticed that many scales or 

questionnaires for UX evaluation do not provide the entire artifact (e.g., 

[S79][S87][S121][S144]). Also, other methods that propose a new process or tool do 

not provide its artifacts or are not available for download (e.g., 

[S81][S109][S116][S119]). This feature affects how these methods can be applied in the 

market. Furthermore, there are some methods which require specific equipment to be 

applied (e.g., [S128][S157]), which enhances the cost of applying the method. In this 

sense, there is a need for more methods that can be applied without costs or are fully 

described to be employed in real development scenarios. 

Our findings regarding the evaluated period of experience suggest that further 

attention should be given to developing methods for evaluating UX before usage and 

during long term usage situations. Additionally, the methods that are already published 

should also be made available in order to allow their use in the software development 

market. Although some methods still require specific equipment to be applied, the 

others that do not should describe the process for their application and the necessary 

items/questions/artifacts that should be used.  

Overall, our results show that there is a need for UX evaluation technologies 

able to provide improvement suggestions once a problem is found. This problem is 

recurrent in all types of applications, specifically when evaluating mobile applications. 

Therefore, new research should guide the development of approaches that provide 

assistance to software engineers willing to improve the quality of the evaluated 

application in terms of UX. 

2.4 Design Suggestions 

Considering the problems identified above, an alternative way to support the correction 

of identified interface problems affecting the UX of an application could be the use of 

design suggestions (Seffah, 2010). A design suggestion is a well-working solution to a 

problem. In addition to describing such best-practice solution, a design suggestion can 
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also contain a rather extensive discussion of when it is appropriate to use a specific 

solution and what the consequences (positive and negative) are if it is applied (Kircher 

and Völter, 2007). According to Mu and Jiang (2011), applying design suggestions 

enables developers to reuse them to solve a specified design issue. 

User interface design suggestions have been introduced first as a medium to 

capture and represent solutions to users’ problems (Seffah, 2010). These suggestions 

have also been used as a medium for transferring the expertise of HCI designers and 

usability practitioners to software engineers, who are usually unfamiliar with UI design 

and usability principles. When designing software applications that provide a positive 

UX, user interface design suggestions are tools that provide a means to abstract and 

reuse the essential details of the successful and usable design. 

Overall, design suggestions provide some of the following benefits (Seffah, 

2010): 

• They are straightforward and readable for designers, developers, and other 

stakeholders, and can, therefore, be used for communication purposes; 

• They represent design knowledge from different views, including social and 

organizational aspects, conceptual and detailed design; 

• They capture essential principles of good design by telling the designer what 

to do and why, but are generic enough to allow for different implementations. 

Several collections of design suggestions have been proposed in HCI. For 

instance, Tidwell (1998) proposed a set of Human-Computer Interface Design 

Suggestions, which is intended to support high-quality interaction between a person and 

a software artifact, aimed at one or more of a broad spectrum of activities, ranging from 

the most passive (e.g., absorbing information with little or no interactivity) to the hands-

on (e.g., creation of other objects). Furthermore, Welie (2011) proposed a Library for 

Interaction Design which contains best practices with examples and insights on their 

applicability. According to the author, the solutions described in these suggestions may 

succeed in one context but may also fail in another. Thus, the challenge is to understand 

why and how it depends on elements of the context of use. Another example is the 

Design of Sites by Duyne et al. (2002) which provides a common language for 
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articulating a variety of Web designs. Such language explores best practices from the 

authors’ consulting, research and Web development experience.  

According to Dix et al. (1998), it is not necessary to follow a specific design 

method to use a set of design suggestions, since the value of any interface design 

technique is that it forces the designer to remember that someone (mainly someone else) 

will use the system under development. Borchers (2001) states that it is possible to 

apply design suggestions in different activities aiming at developing applications with a 

positive user experience: 

Knowing the user: The development team can begin eliciting application 

domain concepts in the form of suggestions to give a uniform format to what needs to 

be captured, explicitly stating problems. 

Competitive analysis: Existing products can be examined to gather information 

and hints for the design of the new system. Thus, user interface design solutions of 

successful competing systems can be applied to a system under development. 

Setting UX goals: Various aspects of UX (e.g., usability) need to be prioritized. 

By considering HCI design suggestions, these aspects can be identified, and their 

conflicts can be resolved. 

Parallel design: Design suggestions can serve as a common ground for software 

engineers designing different parts of a large software application. 

Applying guidelines and heuristic analysis: Design suggestions can improve 

the use of standards through their structured format and contents, combinations of 

existing concrete examples and a general solution, and an insightful explanation not 

only of the solution but also of the problem context. 

Testing: While design suggestions cannot help the actual evaluation process, 

they can be used to relate discovered problems to their corresponding suggestion to 

solve those problems. 

Iterative design: design suggestions are an important tool to inform the designer 

about changes to be made in the application because they are constructive (i.e., they 

suggest how a problem can be solved). 
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Collecting feedback from field use: As design suggestions point out 

alternatives for solutions that need to be improved, feedback can strengthen the 

argument of those suggestions that created a successful solution and suggest rethinking 

those that led to suboptimal results. 

2.5 Technologies Used in the Proposal of our Approach 

In the following subsections, we present evaluation methods and redesign suggestions 

that have been considered as the basis for our approach. These technologies were 

considered as they allow evaluating hedonic and pragmatic aspects of UX and can be 

related to the context of our research. Further information on these technologies will be 

provided in Chapter 4. 

2.5.1 Heuristic Evaluation 

The Heuristic Evaluation (Nielsen, 1994) is an evaluation method for finding the 

usability problems in a user interface so that they can be attended to as part of an 

iterative design process. The heuristic evaluation involves having a small set of 

evaluators examine the interface and judge its compliance with recognized usability 

principles. In general, the heuristic evaluation is difficult for a single individual to do 

because one person will never be able to find all the usability problems in an interface 

(Nielsen, 1994). 

The Heuristic evaluation is performed by having each individual evaluator 

inspect the interface alone. Only after all evaluations have been completed are the 

evaluators allowed to communicate and have their findings aggregated. This procedure 

is important to ensure independent and unbiased evaluations from each evaluator. The 

rules applied during the Heuristic Evaluation are shown in Table 2-1. 

Table 2-1 Heuristics proposed by Nielsen (1994) 

Heuristic Description 

Visibility of system 

status 

The system should always keep users informed about what 

is going on, through appropriate feedback within reasonable 
time. 

https://www.nngroup.com/topic/heuristic-evaluation/
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Heuristic Description 

Match between system 

and the real world 

The system should speak the user’s language, with words, 

phrases, and concepts familiar to the user, rather than 

system-oriented terms. Follow real-world conventions, 

making information appear in a natural and logical order. 

User control and 

freedom 

Users often choose system functions by mistake and will 

need a clearly marked “emergency exit” to leave the 

unwanted state without having to go through an extended 

dialogue. Support undo and redo. 

Consistency and 

standards 

Users should not have to wonder whether different words, 

situations, or actions mean the same thing. Follow platform 
conventions. 

Error prevention Even better than a good error message is a careful design 

which prevents a problem from occurring in the first place. 

Either eliminate error-prone conditions or check for them 

and present users with a confirmation option before they 
commit to the action. 

Recognition rather than 

recall 

Minimize the user’s memory load by making objects, 

actions, and options visible. The user should not have to 

remember information from one part of the dialogue to 

another. Instructions for the use of the system should be 

visible or easily retrievable whenever appropriate. 

Flexibility and 

efficiency of use 

Accelerators - unseen by the novice user - may often speed 

up the interaction for the expert user such that the system 

can accommodate to both inexperienced and experienced 

users. Allow users to tailor frequent actions. 

Aesthetic and minimalist 

design 

Dialogues should not contain information which is 

irrelevant or rarely needed. Every extra unit of information 

in a dialogue competes with the relevant units of 

information and diminishes their relative visibility. 

Help users recognize, 

diagnose, and recover 
from errors 

Error messages should be expressed in plain language (no 

codes), precisely indicate the problem, and constructively 
suggest a solution. 

Help and documentation Even though it is better if the system can be used without 

documentation, it may be necessary to provide help and 

documentation. Such information should be easy to search, 

focused on the user’s task, list concrete steps to be carried 

out, and not be too large. 

2.5.2 Geneva Emotion Wheel 

In Paper [S24], Scherer proposed the Geneva Emotion Wheel. This method is a graph 

that organizes the emotions in families according to their meaning and uses the 
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dimensions of valence and control. The arousal dimension is measured through the size 

of the circle that the user employs to determine his/her emotion. To evaluate their 

reaction to a stimulus, users employ the Geneva Wheel to depict their emotions in terms 

of valence (negative/positive), activity and arousal (intensity and control). When using 

this method, users can evaluate the appraisal dimensions (arrangement of emotion in 

terms of the two-dimensional space) and the intensity of the associated subjective 

feeling (in terms of the distance from origin). Figure 2-2 shows the different emotions 

that were identified by Scherer [S24] to evaluate the hedonic aspect of UX. 

 

Figure 2-2 Structure of the Geneva Emotion Wheel proposed by Scherer [S24] 

2.5.3 Interface Design Suggestions for Mobile Application 

Neil (2014) proposed a collection of problems paired with solutions that could be 

applied to the design and redesign of mobile applications. The author indicates that the 

design suggestions library has been created considering existing problems and examples 

that were found useful to deal with those problems. Additionally, the experience from 
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previous problems was useful for deciding which suggestions could be applied in which 

contexts. For instance, Figure 2-3 shows an example of a design suggestion by Neil 

(2014). In this example, the author employed the “Error Message” suggestion, 

indicating what should be informed to the user when carrying out a task in an 

application and an error occurred. The design suggestion indicates that “error messages 

should be expressed in plain language (no codes), precisely indicate the problem, and 

suggest a constructive solution. Best practice is to make Error Messages highly visible 

on screen. These approaches are preferable to modal dialogs, since they may literally 

cover up the issue.” In this case, the example shows how error messages should be 

presented to the user and what pragmatic problems this could improve. 

 

Figure 2-3 A screenshot of an application showing the ‘error messages’ suggestion 

from the design suggestions by Neil (2014) 
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2.6 Summary 

User eXperience is about technology that fulfills more than just instrumental needs in a 

way that it acknowledges its use as a subjective, situated, complex and dynamic 

encounter. In that context, this chapter presented an analysis of UX evaluation 

technologies and discussed the use of design suggestions as an approach for correcting 

the identified problems. 

The advantages and disadvantages of each type of technology have been 

discussed. Besides increasing the understanding of existing UX evaluation technologies 

and research opportunities, this review can be a basis for practitioners willing to choose 

a technology in a specific stage of the development lifecycle and for the evaluation of 

specific types of applications. For practitioners who are working in software 

development companies, these results could be used for integrating UX evaluation 

technologies into their software development process. For researchers, it would be 

interesting to propose (or adapt) new technologies according to the research gaps 

identified above. 

Among the identified research opportunities in terms of UX evaluation 

technologies, we noticed that there is a need for methods that allow identifying more 

qualitative data besides rating the UX, as this can help evaluators understand what the 

cause of the problems or ways to solve them is. In this sense, we also noticed that few 

methods provide means to facilitate the correction of the identified problems. This is 

essential, as novice software engineers carrying out the evaluations require guidance in 

order to make changes in the evaluated application to improve its quality. Finally, there 

is a need for methods that are available for software engineers without the need of 

costly equipment, to enable small teams to improve and increase the acceptance of their 

applications. 

To provide other means to identify design solutions to UX problems, we have 

discussed design suggestions as an alternative to allow communication in 

interdisciplinary design teams. These suggestions can help people from outside the 

development team (including users) to understand solutions. Also, they can be 

constructive in a way to allow both the discussion of changes and the understanding of 

the user feedback. 
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Due to the advantages that the use of both evaluation technologies and design 

suggestions can bring to each other in the development of a software application, in 

need for improvement suggestions for UX problems identified in evaluation sessions, 

we have considered developing a hybrid approach to facilitate the redesign process of 

mobile applications. To verify what could be improved in the evaluation and redesign 

process of a mobile application, in the next chapter, we present two empirical studies 

evaluating: (a) how users report their experience through UX evaluation methods; and 

(b) how novice software engineers apply design suggestions for improving an 

application. 
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3 Initial Studies of UX Evaluation and Design 

Technologies 

This chapter presents the results of two empirical studies to 

identify research opportunities in terms of current proposals of 

UX evaluation methods and how novice software engineers apply 

design suggestions to correct pragmatic problems, respectively. 

In the first study, we have analyzed the features that make it easy 

or difficult for users to employ two UX methods: Expressing 

Emotions and Experiences and EmoCards. In the second study, 

we collected data on (a) the quality of the redesigned 

applications, and (b) factors affecting the applicability of the 

employed design suggestions. Our results suggest requirements 

for UX evaluation technologies and need to facilitate the 

redesign process. 

3.1 Introduction 

Considering the results from Chapter 2, there is a need for further investigation on the 

available technologies for evaluating the UX of interactive applications, while 

understanding what is needed to support software engineers in identifying improvement 

opportunities based on the identified UX problems. Therefore, this chapter presents two 

empirical studies. The first study aimed to identify research opportunities in terms of 

current proposals for UX evaluation, while the second study aimed to understand how 

software engineers apply design suggestions to improve software quality. 

In the first study, we applied two UX evaluation methods: Expressing Emotions 

and Experiences - 3E (Tähti and Niemelä, 2006) and EmoCards (Desmet et al., 2001). 

We chose these methods as they intend to make users feel comfortable, reducing the 

effect of the evaluation of their experience. Also, we have analyzed the results of 

employing 3E and EmoCards in terms of identified UX problems and the perception of 

users on the employment of these methods for the evaluation of interactive products. 
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Through this study, we have identified improvement opportunities on the evaluated 

methods to guide future research in the evaluation of UX. 

In the second study, we investigated how novice software engineers apply 

design suggestions and what makes it easy or difficult to employ them during the 

redesign of a mobile application. To this end, four teams of novice software engineers 

participating at a course on software quality identified usability problems through a 

usability inspection and, using interface design suggestions, proposed modifications in 

the interface of two real mobile applications in the market. Here, we present our 

findings regarding such use in terms of quality of the developed redesigned applications 

and the factors that affected applying the user interface design suggestions. 

The remainder of this chapter is organized as follows. In Section 3.2, we describe 

the empirical study in which we show how we employed both 3E and EmoCards in the 

evaluation of a real Web application under development. Section 3.3 presents the 

planning, execution, and results from the second study, where we evaluated the use of 

design suggestions from the point of view of novice software engineers. Finally, in 

Section 3.4 we provide our conclusions for this chapter. 

3.2 Study 1: Evaluating 3E and Emocards from the Point of View of Users 

According to Vermeeren et al. (2011), there is a need for future research in analyzing 

the practicability of UX evaluation methods. UX evaluation methods need to be usefully 

employed in product development and be easy to use both by practitioners and users. 

Our initial assessment proposes to provide insights for future research and an example 

of the applicability of current approaches for the UX evaluation of a real application 

under development. 

3.2.1 Planning and Execution 

In Chapter 2, we described several methods such as SAM, Psychophysiological 

Techniques, the Affective Diary, the Visual Aesthetics Scale (and others), that allow the 

UX evaluation of interactive products. Table 3-1 shows a brief analysis of the 

advantages and disadvantages of these methods. These disadvantages show that there is 

a need for further investigation on methods that capture both the emotion and its context 

to explain what aspect of the interaction affected the feelings of the user (Tähti and 
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Niemelä, 2006). Some methods that can assist in the identification of UX problems and 

their cause are the Expressing Emotions and Experiences - 3E and EmoCards. 

Table 3-1 Advantages and disadvantages of SAM, Psychophysiological Techniques 

(PT), the Affective Diary (AD), the Visual Aesthetics Scale (VAS), 3E and 

EmoCards (EC) 

 SAM PT AD VAS 3E EC 

Advantages 

Helps users identify their 

experiences 
  X  X X 

Quick and easy to use X   X X X 

Requires few resources X   X X X 

Gathers objective measures  X     

Disadvantages 

It takes time to be applied   X    

Users have difficulty in 

understanding the represented 

emotions 

  X   X 

Does not explain the reason for 

the emotion 
X   X   

Expensive equipment  X     

Makes users feel 

uncomfortable 
 X X    

As shown in Table 3-1, besides being cheap, 3E and EmoCards allow gathering 

more profound information than just the user’s feeling at the moment of interaction 

(Tähti and Niemelä, 2006). Moreover, users find expressing their emotions using both 

3E and EmoCards a pleasant task (Desmet et al., 2001; Tähti and Niemelä, 2006). 

Due to their advantages, we wanted to verify if users felt comfortable during the 

employment of 3E and EmoCards when carrying out a UX evaluation. Thus, the 

independent variables of this study are: (a) applying the 3E and EmoCards for 

evaluating UX and (b) the evaluated Web application. Moreover, the dependent 

variables that were considered to measure the users’ perception of the UX evaluation 

methods are: (a) preference of the methods or, in other words, which UX evaluation 

method the users would choose if given the chance; (b) the users’ opinion on quality 

factors of evaluation methods (i.e., features that make the method easy to use and make 
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users feel comfortable when employing it) (Vermeeren et al., 2010); and (c) rate of UX 

problems found with each method, which indicates how many UX problems each 

method allowed researchers to identify in the evaluated application. 

We chose to evaluate the “Similar Products” Web application since it was being 

developed for the common user (people willing to buy a product and interested in 

finding further products). “Similar Products” is a Web application that is currently 

under development by Universidade Federal do Amazonas as part of a project on 

information recovery. The main goal of the project is to assist citizens when buying a 

product, so they can easily find out which other products are available that are similar in 

characteristics when compared to the desired product. Therefore, a positive UX was 

strongly desired in order to enhance its acceptance (Hassenzahl, 2005). Also, the 

development team of “Similar Products” was interested in improving the quality of the 

application earlier in the development process, while its mockups were being 

developed. 

To evaluate how users felt when using 3E and EmoCards, we have employed the 

Smileyometer (Read and MacFarlane, 2006) which is a discrete Likert-type scale to 

apply a judgment score after an experience (in this case, employing each method). Our 

goal when applying the smileyometer is to have an idea of how users rate their 

experience of applying each of the UX methods. Also, to verify other factors (such as 

difficulties, how easy it was to employ the method, others), we have applied a 

questionnaire asking for the subjects’ opinion regarding 3E and EmoCards. Finally, to 

measure the rate of UX problems found with each method, we have counted the number 

of problems that each method allowed the researchers to identify. 

We carried out the study in 2014, with potential users from the “Similar 

Products” Web application, residing in the city of Manaus (Brazil). The people 

participating in this study were students/workers approached at Federal University of 

Amazonas while sitting in a lobby during lunch/break time. In order for a person to 

participate in the study, first (s)he was asked if (s)he had free time and would like to 

participate in a user interface design activity. If the person agreed, we would ask 

questions to see if (s)he met the user profile of a user from the “Similar Products” 

application. Thus, (s)he was asked questions regarding: (a) if (s)he regularly accessed 

the internet; and (b) if (s)he bought or browsed products on the internet. All subjects 
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who answered “Yes” to these questions were asked to participate in the UX evaluation. 

At all, 10 people (4 male and 6 female) with ages ranging from 18 to 37 years old 

(median 26,5 and SD = 6,67) meeting the selection criteria were asked and agreed to 

participate in the study. All subjects signed a consent form explaining the main 

activities of the study and the confidentiality of the results. 

There were other participants in this empirical study: (a) the development team, 

who was responsible for preparing the mockups and creating a navigable PDF file 

containing the mockups using the Balsamiq Mockups tool (http://balsamiq.com/); (b) 

the moderator, one of the researchers from our research team, who guided the UX 

evaluation sessions; and (c) the analysis team, which was responsible for gathering all 

responses to the questionnaires and preparing a summarizing report with the overall 

results of the UX evaluation and the perceptions of users regarding the employed UX 

evaluation methods. 

Figure 3-1 shows the procedures we applied for performing the UX evaluation 

using 3E and EmoCards. In this empirical study, the subjects acted as users of the 

“Similar Products” Web application. 

 

Figure 3-1 The process for carrying out the empirical study evaluating 3E and 

EmoCards 

After agreeing to participate in the study and signing a consent form, users were 

asked to enter a lab room, where all equipment and materials necessary for performing 

the UX evaluation were prepared. Thus, the questionnaire asked for further information 

regarding the subjects’ age, gender, the habit of buying or browsing products on the 

internet and willingness to use an application such as “Similar Products.” Then, for each 

subject, the moderator explained him/her that (s)he would view a proposal for the 

“Similar Products” application and that the goal of the evaluation was not to evaluate 

the user, but how (s)he felt when using the application and identifying improvement 
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opportunities. While experiencing the application, the users performed tasks using the 

PDF file which mapped the mockups (see some mockups of the “Similar Products” 

application in Figure 3-2). Such file contained previously added links that had been 

created using the Balsamiq Mockups tool and allowed simulating interaction and 

navigation between the mockups. The tasks were selected due to their importance for 

achieving the main goal of the “Similar Products” application: (a) search for a specific 

product for which users wished to view similar products, and (b) view similar products 

for a selected product and rate their similarity. After experiencing the “Similar 

Products” application, the users would employ both UX evaluation methods, 3E and 

EmoCards to evaluate their user experience. We highlight that the order in which these 

methods were employed was randomly assigned, guaranteeing that 5 subjects employed 

3E and then EmoCards (in that order) and then 5 subjects employed EmoCards and then 

3E (in that order) to avoid bias. Finally, after employing the methods to evaluate their 

experience with the application, the users were given a follow-up questionnaire which 

contained the Smileyometer (Read and MacFarlane, 2006) and open questions regarding 

their opinion on the methods for evaluating UX. 

 

Figure 3-2 Mockups from the “Similar Products” Web application: (A) search 

results for the base product screen and (B) results for the similar products screen 

We wanted to collect data from users who had experienced both methods (3E and 

EmoCards), so they would provide feedback regarding which method they preferred. 

Since there were no dropouts and all users filled the characterization form and follow-

up questionnaires, none of the users’ data were discarded.  
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The PhD candidate of this research acted as the moderator of the evaluation, 

checking the responses to the follow-up questionnaires regarding: the users’ judgment 

score after their experience with the UX evaluation methods, their preference, and the 

answers to the open questions regarding difficulties, how easy it was to employ the UX 

evaluation method and improvement opportunities. In the following section, we 

describe our findings regarding 3E and EmoCards from the point of view of users. 

3.2.2 Results 

The material collected using EmoCards and 3E were analyzed by our research team. We 

give here examples of the results we extracted from the materials. The examples have 

been selected as they show how each UX evaluation method can support the 

identification of causes for the expressed emotions. Also, to facilitate the identification 

of the users, we will use the code UXX, where XX represents the number of the user 

(ranging from 01 to 10). 

In this UX evaluation, we followed the suggestions by Desmet et al. (2001) who 

employed the EmoCards to help users express their emotional responses. Thus, through 

an unstructured interview, we asked users for the reasons for selecting a specific card, 

and how it had affected their experience. Although the questions from the unstructured 

interview was similar, in order to encourage the user to report his/her experience, we 

had to ask further questions. This was done for situations in which the user provided 

information on a UX problem, but further details were required. Below, we show an 

extract from the interview with user U07, showing both positive and negative aspects 

that influenced her experience: 

- Interviewer: If you had to choose a card to represent your experience with the 

application, which one would you choose? 

- U07: I would choose this one. (U07 selects the exciting/neutral card) 

- Interviewer: What made you feel that way? 

- U07: I think that the desire to find the product I was looking for, and then the 

similar ones (...) 

- Interviewer: And would you choose any other card besides that one? 
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- U07: Yes, I would choose this one too. (U07 selects the average/unpleasant 

card) 

- Interviewer: Why? 

- U07: Well. Because it was very difficult. 

- Interviewer: What was difficult? 

- U07: (...) There was only text, and I wanted to see images of the products as 

well. It would have made it easier to compare the products. (...) Also, the 

background color is too bright. 

- Interviewer: What color? 

- U07: (...) The orange color. It just distracts me from what I want to read. 

Regarding the results obtained from 3E, in general, the users produced very 

communicative drawings and explanations. Figure 3-3 shows the 3E template filled by 

user U09. We can see that user U09 had mixed feelings about the application and 

therefore, drew two faces at the same time: one happy and surprised and another angry 

one. In the oral expression balloon the user indicated that she: (a) felt confused, (b) that 

the application had a lot of disorganized information and (c) that many steps were 

required to perform the tasks. Similar information was provided in the inner thoughts 

balloon. However, there was a feature described by the user that differed from what she 

really believed. In the oral expression balloon, the user indicated that she thought that 

the color orange was “nice.” Nonetheless, when analyzing the inner thoughts balloon, 

the user stated that she “hated orange.” This would suggest that some users might not 

reveal their real opinions while being interviewed and that 3E might be able to capture 

those inner thoughts. 

At all, we managed to identify 14 problems that affected the overall experience 

of the users by carrying out 10 UX evaluation sessions of about 30 minutes each. Since 

each user carried out an evaluation of both methods separately and there was only one 

moderator to guide the evaluation session, the total execution of the study took around 5 

hours in total. The time needed to evaluate the UX of the application would have been 

shorter if we had not applied a follow-up questionnaire on their perception of the 
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employed UX evaluation methods. Also, there was no need for training in the use of 

these techniques, only a short explanation on how to fill in the template and the range of 

emotions that could be selected in the Emocards method. In the following subsections, 

we refer to the number of identified problems and the overall perception of the users 

towards the methods to draw conclusions about the applicability of the methods. 

 

Figure 3-3 A 3E template filled (translated from Portuguese) by one of the users 

with mixed feelings 

The smileyometer measured the users’ judgment on a Likert-type scale (Read 

and MacFarlane, 2006): (1) Awful, (2) Not Very Good, (3) Good, (4) Really Good, and 

(5) Brilliant. Thus, the maximum judgment on a method is 5. The descriptive statistics 

showed that the median score (4) for the 3E method was higher than the median score 

(3,5) for the EmoCards method, in general, users gave similar scores for both methods, 

meaning that they enjoyed applying both of them. However, when asked to choose one 

of the methods, 3E achieved higher preference (6 out of 10). The explanation for such 

result will we describe below. 

The users gave both positive and negative feedback regarding the 3E method for 

providing affective information about using a system.  Comments regarding what made 

the 3E method easy to use include: 

“It was easy to describe the emotions by writing.” 

“I like feeling free when I’m doing things, and this method allows me to express 

myself, describing what I am feeling and thinking. It also allows me to draw.” 
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“Very nice, it uses graphs.” 

“It is easy to draw my emotion.” 

“It is not always easy to say what you think, so this method makes me feel at 

ease.” 

Some users also pointed difficulties in using the 3E method. However, some of 

the difficulties were contradictory to the features that made the method easy to use. For 

instance, some users stated that they liked drawing the faces, while other stated that they 

found doing that difficult. Moreover, some users indicated that the balloons were not 

that easy to identify and that it was difficult to think of what to write. This would 

suggest that perhaps 3E might be more suitable for users who prefer a free environment 

to describe their experience. Comments on difficulties on using the 3E method included: 

“It is very difficult to draw an expression.” 

“It is not that easy to list what you are thinking. I think it would be necessary to 

have an analytical view of your thoughts in order to use this method.” 

“It is difficult to differentiate the balloons.” 

Regarding the use of the EmoCards method, some users stated that it was easier 

to think of the emotion as they had a predefined set of cards. Also, such approach 

allowed them to think of what caused the emotion and describe it. Comments regarding 

what made the EmoCards easy to use include: 

“It already has emotions from which you can choose.” 

“It is easy because you just have to choose and talk.” 

“It is easier to express yourself based on the emotion.” 

“It helps me define my emotions.” 

When the users answered the questions regarding the difficulties of using the 

EmoCards method, most of them indicated that choosing the representative emotion was 

the hardest thing to do. Sometimes, the faces did not represent what the users wanted to 

express and therefore, having a limited set of cards made it difficult to provide an exact 



 

39 

 

evaluation of what they wanted to portray. Comments on difficulties on using the 

EmoCards included: 

“It is difficult to choose the cards for each exact situation.” 

“Some faces are similar, and it is difficult to find one face that actually fits what 

I want to say about the interface.” 

“It is not as simple to understand how the method works. The other method (3E) 

is much easier to understand.” 

“The order of the faces was confusing; perhaps they should be grouped to make 

it easier to find the right emotion?” 

Finally, when asked about which method they would choose, six users preferred 

3E while four would choose EmoCards. Among the reasons for choosing 3E, users 

listed some of the advantages regarding its ease of use. For instance, users indicated that 

they felt freer in applying the method and that it allowed providing a thorough 

explanation of why they felt those emotions. On the other hand, the users who chose 

EmoCards indicated that the method was more dynamic and that it was much more 

visually appealing than the 3E method. Also, these users indicated that EmoCards 

would be more objective since they would be able to directly tell what they wanted to 

say. 

3.3 Study 2: Evaluating Design Suggestions from the Point of View of 

Software Engineers 

Even though there are several design suggestions that indicate alternatives for 

improving the UX of applications in general, few have focused on both suggestions for 

mobile applications interface design and their applicability by novice software 

engineers. For instance, in the study by Chung et al. (2004), the participants were 

experienced software engineers with knowledge in UI and Web design. Also, Lanzilotti 

et al. (2011) did not study the effect of applying design suggestions for (re)designing an 

application. Furthermore, although Koukouletsos et al. (2006) analyzed the quality of 

design proposals created by novice software engineers, their evaluation did not gather 

information on the application process of design suggestions and was not focused on 
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mobile applications. Consequently, there is still need to gather information on how 

novice software engineers apply mobile suggestions in the (re)design of mobile 

applications. Such information will be useful for identifying improvement opportunities 

in the application of design suggestions by novice software engineers in the industry 

and improving the UX of the developed applications. In the following section, we 

describe an empirical study that aims to collect such data. 

3.3.1 Planning and Execution 

We employed a qualitative research methodology aiming to understand which factors 

contribute or make it difficult to apply design suggestions in the redesign of a software 

interface by novice software engineers. In that context, we conducted the study at a 

university in the city of Manaus (Brazil) during a class on software quality at a 

Computer Science course focusing on methods for software quality assurance. The 

study took place during 6 weeks out of the 4 month duration class. 

Some of the topics from the course were usability/UX, ways of identifying 

problems related to these aspects and how to correct them. Thus, training regarding 

usability and UX evaluations was prepared as part of the course. Also, this training 

contained examples of mobile applications in which design suggestions had been 

applied to correct usability and UX problems. 

At all, 12 software engineering students in their last semester of college (at 

Manaus-Brazil) were enrolled in the class and agreed to participate in the study. These 

software engineers had a technical background (more than 3 years of experience 

studying and/or practicing in the area) on software development methodologies, but low 

or no experience in interface design. Consequently, the students had attended classes 

related to software engineering, such as software analysis, software engineering, 

software process, while attending a class on software quality related to human-computer 

interaction. These students were divided into four groups of three novice software 

engineers each. The groups were formed by the convenience of the students, as all 

students had the same degree of experience and none of them had practical experience 

in the industry. Each group participated in all of the following stages: 

• Stage 1 - Lectures and training: In this stage, the novice software 

engineers participated in regular classes on the methods that were to be 
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applied (i.e., usability/UX evaluation methods and examples of redesign 

through design suggestions). 

• Stage 2 - Usability evaluation on mobile applications in the market: In 

this stage, each group of novice software engineers chose between two 

mobile applications for Android devices and carried out a usability 

inspection using the Heuristic Evaluation (Nielsen, 1994) presented in 

Chapter 2. The evaluated applications were: (a) Manaus Bus1, an application 

that supports users in finding the right bus to their destination; and (b) 

Manaus in Theaters2, which helps users find out about the different movies 

on display in the theaters of the city. We focused on these applications as 

they are entertainment and information mobile apps3, which require a high 

degree of usability to facilitate their use and enhance the UX of the users. 

Therefore, they could be a good example of how redesigning an application 

could improve its perceived quality in terms of UX (Ervasti et al., 2011). 

After collecting all inspection reports, the identified problems were verified 

by a high-experienced analyst with more than 5 years of experience in 

usability and UX evaluations to check which problems were real problems 

and which false positives. Thus, there was a meeting with each team 

discussing the inspection results. 

• Stage 3 - Correction of the identified problems using design suggestions: 

In this stage, the novice software engineers employed design suggestions for 

mobile applications (Neil, 2014; Google, 2016) and proposed changes in the 

user interface. We made sure that the software engineers knew that they 

could apply the design suggestions as they felt appropriate. This was done to 

understand what process they would apply to redesign the application using 

the design suggestions and the difficulties they faced during the redesign 

process. 

• Stage 4 - Usability and UX evaluations to verify quality improvement: In 

this stage, each team carried out a usability and UX evaluation (with between 

four to six users) to verify to what extent the redesigned application 

                                                             
1https://play.google.com/store/apps/details?id=com.manausemcartaz 

2https://play.google.com/store/apps/details?id=com.onibus.manaus 

3https://support.google.com/googleplay/android-developer/answer/113475 
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improved. Thus, each team prepared prototypes, linked navigable PDF files, 

for both versions of the application (original and redesigned) and they asked 

users from the streets to interact with them, taking notes on problems faced 

by users in both applications and their satisfaction degree. In this sense, data 

on usability issues on each version of the application was gathered through 

observations of the users’ actions while interacting with the prototypes. 

Additionally, UX data was gathered through a questionnaire containing the 

Expressing Emotions and Experiences (3E) method (Tähti and Niemelä, 

2006). Finally, users were asked to rate their overall experience with the app 

on a scale from 1 to 10 and indicate which of the experienced versions they 

preferred. 

In this study, we applied a questionnaire with open questions as we aimed to: (a) 

assessing the acceptance of the use of design suggestions for the improvement of user 

interfaces by novice software engineers; and (b) identifying advantages, constraints and 

improvement opportunities for improving the adoption of design suggestions in the 

software industry by novice software engineers. Table 3-2 shows each of the asked 

questions and their purpose. 

For instance, Q2 asks the software engineer which suggestions (s)he thought 

were the easiest and hardest to apply, which aims at making him/her think of these 

suggestions and internally think of the reasons for choosing the easiest and most 

difficult suggestion, preparing him/her for the next questions (Q3-Q4). This 

questionnaire was answered by the software engineers, right after finishing stage 3, so 

they would report their experiences with using the user interface design suggestions for 

redesigning an application. 

Table 3-2 Questions from the follow-up questionnaire and their purpose within our 

study 

ID Open Question Purpose 

Q1 
Which were the steps that you 

followed in order to apply the design 

suggestions? 

To identify how novice software 

engineers apply the design 

suggestions. 

Q2 
Which was the most difficult design 

suggestion to apply? And which was 

the easiest to apply? 

To make the novice software engineer 

think of the aspects that make it easy 

or difficult to apply a design 

suggestion. 
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Q3 

Please, describe the difficulties that 

you faced when 

searching/understanding/applying the 

design suggestions. 

To identify what makes it difficult to 

apply design suggestions for novice 

software engineers. 

Q4 
Please, describe the aspects that made 

it easy to search/understand/apply the 

design suggestions. 

To identify what makes it easy to 

apply design suggestions for novice 

software engineers. 

Q5 
If you had to redesign an application 

again, would you consider using the 

design suggestions? Why or Why not? 

To understand the overall opinion of 

novice software engineers regarding 

the use of design suggestions for the 

correction of UX problems. 

Q6 
What would you do to facilitate the 

redesign using design suggestions? 

To identify improvement opportunities 

in the use of design suggestions for 

improving the UX of a software 

application. 

3.3.2 Results 

At all, four redesigns were proposed. As an example of how the novice software 

engineers applied the design suggestions, Figure 3-4 shows the original and redesigned 

versions of the Manaus Bus application for one of the teams participating in this study. 

Here, the software engineers applied two interface design suggestions: (A) Superior Bar 

(Tabs) (Google, 2016) and (B) Auto-Complete (Neil, 2014). In a report, the software 

engineers had to explain the reason for choosing a specific suggestion and what problem 

they were trying to fix. We have used this report to point out the problems in the 

original version of the application and how the novice software engineers applied the 

design suggestions in the redesigned version (see Figure 3-4). 

Regarding the first identified problem in Figure 3-4 (see Item 1-A), during the 

evaluation, the participants identified that the icon was not clear as it did not specify 

what type of search was being performed. Also, it was necessary to go back and forward 

in the application to select the desired search option. Therefore, the software engineers 

within this group decided to use the Superior Bar design suggestion, including each 

option in a tab and providing labels to facilitate understanding (see Item 2-B). 

Additionally, regarding Item 2-A, the participants noticed that whenever it was 

necessary to search for the place, neighborhood or street within the route of a bus, the 

user had to go through an extensive list of names by browsing. Therefore, the 

participants decided to add a search field to facilitate identifying the desired option by 

the user (see Item 2-B). 
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Figure 3-4 Example of redesigned application using design suggestions 

In Stage 4 each team carried out usability and UX evaluations to verify whether 

the changes in the user interface had any impact in the UX of the users. Table 3-3 shows 

overall results of such evaluations. In this sense, users who tested both versions of one 

of the evaluated applications were asked to: rate the versions (original and redesigned) 

by giving a grade from 0 to 10, indicate which version they preferred and fill the 3E 

template. The examples of answers to the 3E method in Table 3-3 are from four 

different users, each experiencing the two versions of the app from each team. In this 

sense, the redesigned versions of each app obtained higher median scores and achieved 

a higher preference from users. Also, the experienced depicted by the users through the 

3E method showed that users were more pleased after using the redesigned versions of 

the apps. These results suggest that by applying design suggestions, novice software 

engineers were able to improve the quality of the mobile applications in terms of UX. 
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Table 3-3 Overall results of the UX evaluations comparing original and redesigned 

applications 

Version AS TP Example of 3E Method Answer 

Team 1 (Manaus Bus) 

Original 5,3 0 

 

“I am stressed and very angry with 
this app.” 

Redesigned 9,5 6 
 

“I am very happy and excited to test 
it.” 

Team 2 (Manaus Bus) 

Original 5,5 1 

 

“Everything looks the same.” 

Redesigned 6,7 5 

 

“This app is really simple.” 

Team 3 (Manaus in Theaters) 

Original 5,8 0 
 

“It could be better organized with 
dates and times.” 

Redesigned 7,8 4 

 

“This app is more complete with 
very interesting information.” 

Team 4 (Manaus in Theaters) 

Original 8,2 0 
 

“I hate it.” 

Redesigned 9,0 6 

 

“The app is really cool, and it could 
be very useful.” 

AS = Average Overall Score, TP = Total Preference 

In our study, we analyzed the data obtained from the answers to the 

questionnaires (see Table 3-2) using procedures from the Grounded Theory (GT) 

method. Grounded Theory (i.e., Data Grounded Theory) uses a set of systematic data 

collection and analysis procedures to generate, prepare, and validate substantive theories 

on essentially social phenomena, or on wide social processes (Glaser and Strauss, 

2009). Although the purpose of GT is the construction of substantive theories, a 

researcher may use only some of its procedures to analyze qualitative data. According to 

Glaser and Strauss (2009), the coding process, in which concepts (or codes) and 

categories are identified, can be divided into three stages: open, axial, and selective 

coding. During the open coding, the researcher carries out the breakdown, analysis, 

comparison, conceptualization, and categorization of the data. After the identification of 

conceptual categories by the open coding, the axial coding examines the relations 

between the categories. The relations between codes can be defined by the very 
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researcher. Finally, the selective coding realizes all the process refinements by 

identifying the core category with which all others are related. 

In our analysis, we have carried out the open and axial coding, but have not 

elected a core category yet because GT suggests the circularity between the collection 

and analysis stages until the theoretical saturation is reached (Glaser and Strauss, 2009). 

Therefore, we decided to postpone the selective coding phase and we do not claim that 

we applied GT, but some of its procedures. 

After the novice software engineers had delivered their filled questionnaire, we 

started the codification process. While we analyzed the data contained within the 

questionnaires, we created codes related to citations within them. These codes were 

reviewed with an experienced researcher in qualitative analysis, who verified them and 

the categories in order to audit the coding process. 

After performing the open coding, we initiated the axial coding, in which we 

created the relationship codes. We identified codes related to the process and steps that 

novice software engineers employed for applying the design suggestions, difficulties 

and facilitators, improvement opportunities and the reasons that would make them use 

design suggestions again. Below, we present the results of the qualitative analysis, 

referring to the novice software engineers as subjects using the code SXX, where XX is 

the number of the software engineers from 1 to 10. Note that we only received the 

questionnaires from 10 participants even though all participated in the stages. 

Regarding the Process and Steps categories, some subjects described how they 

applied the design suggestions and how they included further stages to facilitate their 

applications. In this sense, some subjects thoroughly described the exact process (see a 

quote from Subject S06 on Process) while others were more direct (see a quote from 

subject S08 on Process). Despite the varying levels of detail in the description of the 

processes, we identified some specific steps that were incorporated by the subjects but 

were not suggested during the training. For instance, some subjects indicated that they 

searched for other information sources; not only other design suggestion proposals but 

examples of how the design suggestions had been applied in real applications to verify 

their suitability (see quotes from subjects S03 and S09 on Steps). Also, some subjects 

indicated that they approached the way in which the problem to be corrected was 
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selected, as well as the selection of the suggestion to correct it. In this sense, some of the 

criteria for prioritizing a problem was based on the difficulty on correcting a problem 

(see a quote from subject S10 on Criteria) or based on the main functionalities of the 

app (see a quote from subject S10 on Criteria). Regarding the selection of a suggestion, 

the criteria were: suggestions that solve the problem (see quote from subject S06 on 

Steps), suggestions that do not make the app difficult to use (see quote from subject S05 

on Criteria) and suggestions that are more related to the app’s logic (see quote from 

subject S04 on Criteria). 

“We had to identify the problems in the application … and, after that; we 

searched for other sources containing suggestions and possible solutions to the 

identified problems. We applied the suggestions that better solved the problem, 

following its guidance and we made changes in the interface.” – Process - 

Subject S06 

“According to the application we were going to redesign, we chose as a team 

the best option that would fit that application...” – Process - Subject S08 

“… I also looked up additional content, besides the one provided in the android 

suggestions.” – Steps - Subject S03 

“… I verified example in other applications.” – Steps - Subject S09 

“…we sought what would be easier to correct in the app…” – Steps - Subject 

S10 

“…we worked on the main functionalities of the Manaus Bus application…” – 

Criteria - Subject S10 

“I applied the suggestion that better solved the problem” - Criteria - Subject S06 

“…I also verified which suggestion would be simple enough and would not 

bother the user or make it difficult to use the app” - Criteria - Subject S05 

“Understanding the logic of the app (how it navigates, shows content, others) 

seems to be the best way to choose a suggestion…” - Criteria – Subject S04 
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Regarding the Difficulties and Facilitators, the subjects listed several factors that 

affected the use of the applied suggestions. For instance, some subjects indicated that 

applying the user interface design suggestions was difficult when: (a) it was difficult to 

adapt the solution, (b) more than one suggestion was available, and one had to decide 

which was better, (c) it was not possible to find a suggestion that fit the app, (d) the 

software engineer had no experience, (e) the software engineer did not know how to 

apply the suggestion, (f) the software engineer did not understand the suggestion, and 

(g) there were few examples of how the suggestion is applied. Additionally, subjects 

indicated that applying the design suggestions was easy when: (a) the explanation of the 

suggestion was simple, (b) there is training, (c) there are more examples, (d) the 

software engineers knows what (s)he wants to achieve, (e) there are images, videos and 

others explaining how to apply them, (f) the name of the suggestion is the same as the 

problem that needs to be addressed, (g) you can ask an expert about them, (h) there are 

tools which allow supporting the application process (e.g., tools for searching 

suggestions), and (j) there are heuristics that help you/guide you to choose a suggestion. 

Some quotes that illustrate these aspects are shown below. 

“There was some doubt when applying the navigation suggestion, where we 

would associate the menu option with the help icon since both were associated 

with the action bar” – Difficulties - Subject S03 

 “We based on the suggestions for mobile applications, and we did not find a 

suggestion for that problem” – Difficulties - Subject S10 

 “Yes, because the source where we found the suggestions was very simple and 

direct.” – Facilitators - Subject S04 

“It is, I believe the easiest suggestion was the ‘links’ since there was a 

suggestion with a name that was specific for that.” – Facilitators - Subject S02 

At all, all subjects indicated that they would apply the design suggestions given 

a chance (see a quote from subject S07 on Intention to Use). Among the Reasons for 

Employing Design Suggestions, the subjects indicated that they thought the design 

suggestions provided support and they would guarantee that the application would not 

be redesigned without following standards (see quote from subject S05 on Reasons for 

Employing). Also, the subjects indicated that using the design suggestions would make 
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the application more visually appealing and organized (see quote from subject S07 on 

Reasons for Employing). Other aspects that motivated the subjects to employ the design 

suggestions were: providing confidence in the results of the redesign; that the 

suggestions were structured, which made them easy to apply; that they provide 

guidance; and that they provide solutions to common problems of applications. 

“Yes, I would definitely use them, as they (Android design suggestions) follow 

the standards from the company…” – Intention to Use - Subject S07 

“it helps the software engineer a lot because there is a rule that makes sure that 

the application is not redesigned without guidance” – Reason for Employing - 

Subject S05 

“Yes, with the redesign we noticed that it helped a lot in the new layout and 

made the application much nicer” – Reason for Employing - Subject S07 

Finally, regarding Improvement Opportunities, the subjects indicated that some 

suggestions could be more specific, so they do not become ambiguous (see a quote from 

subject S01 on Improvement). Also, they suggested studying the steps for applying the 

design suggestions (see a quote from subject S02 on Improvement). This indicates that 

perhaps, they thought that the training was not enough (or could be improved) for 

applying the design suggestions. Nevertheless, we highlight that we intended to let the 

subjects apply the design suggestions freely, so we could verify what difficulties they 

encountered and what they included (or would include) in their application process to 

make it more effective. An interesting finding was regarding the use of the documents 

we prepared for delivering the activities. In order to collect the data on the redesign 

process and its results, in Stage 3, we provided the subjects with a template of a report, 

which asked the reason for choosing a specific suggestion. That report made some of 

the subjects become more selective of the design suggestion that they would apply, as 

they had to describe the reasons towards that choice (see a quote from Subject S05). 

Also, having identified the problems that they had to correct based on an inspection 

method facilitated identifying the suggestions that could correct them, as these 

suggestions had to allow meeting the heuristic’s principles (see a quote from Subject 

S06). Such results may indicate that having a document guiding the redesign process 

and a set of rules that need to be followed when deciding which design suggestion to 
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use could be introduced into the application process, facilitating the use of the design 

suggestions by novice software engineers. Nevertheless, new studies would be 

necessary to test these hypotheses and evaluate the extent of support that these 

documents and guidelines could provide for novice software engineers. 

“Some suggestions were too repetitive, so they could be made less similar.” – 

Improvement - Subject S01 

“I would study more so I could understand them and apply them.” – 

Improvement - Subject S02 

“The template of the document helped when carrying out the redesign… I 

wondered if choosing the specific suggestion would correct the problem.” – 

Subject S05 

“The heuristics [from the heuristic evaluation] were important for identifying 

the problems. Thus they were also the reference for choosing suggestions that 

would not violate them.” – Subject S06 

3.4 Summary 

In the first study, we compared two UX evaluation methods in terms of the number of 

identified problems and preference from the point of view of users. Our results showed 

that users managed to point out more problems when applying the EmoCards. However, 

a combination of both methods is strongly suggested, as each one of them has its 

strengths. For instance, the 3E method is more suitable for users who prefer freedom 

when reporting their experience. Nonetheless, this is not always a feature that turns into 

an advantage for the UX evaluation team. As shown in the qualitative analysis, users 

who employed EmoCards felt more encouraged to report their problems (portrayed by 

the cards) and, by having predefined answers, they were able to think more easily of the 

different aspects of the application that affected their experience. This was not possible 

with the 3E method since users were trying to report their experience on their own. On 

the other hand, the 3E method allowed for capturing opinions that users might hide from 

the evaluators. 
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We can see that the main advantage is that both 3E and EmoCards allow 

capturing both problems and their causes while being as cheap, easy to use and quick as 

SAM and the Visual Aesthetics Scale. Furthermore, these methods allow users to reflect 

on their experiences as the Affective Diary without getting them tired. Finally, although 

3E and EmoCards are enjoyable, they do not allow gathering objective measures the 

same way as Psychophysiological Techniques. Perhaps this is a research opportunity for 

these methods, allowing capturing objective data besides the users’ opinions. 

In our first study, besides describing the features that made the 3E and 

EmoCards easier or difficult to use, users made suggestions for improvement. For 

instance, regarding the 3E method, users who had difficulty in drawing suggested 

providing predefined faces that they could paste over the human body to express their 

emotions. Also, users suggested providing descriptions of the balloons in the template 

itself, so they would not forget what to write on them. Moreover, regarding the 

EmoCards, users suggested arranging the cards in a sequence or subgroups to facilitate 

the choosing process. Finally, other users suggested improving the cards’ faces by 

making them less exaggerated. 

In the second study, we verified to what extent novice software engineers can 

apply design suggestions in the redesign of user interfaces of mobile applications. After 

identifying UX problems, novice software engineers applied design suggestions to 

correct them and managed to improve the UX of users of the application. Also, in their 

answers to the questionnaire of their experience applying the user interface design 

suggestions, the novice software engineers indicated that they would apply the 

suggestions again if given a chance and indicated specific activities such as selecting the 

problems to be corrected and suggestions to address them. Nevertheless, they indicated 

that the lack of experience and knowledge on how to apply the design suggestions 

would make it difficult to do so. As improvement opportunities, we identified that 

document templates and a set of rules could be useful for guiding novice software 

engineers in the redesign process, making it easier. 

Given that each qualitative study provides evidence and hypotheses that can be 

later tested using quantitative methods, we intend to evaluate how including the 

improvement opportunities identified in this study can facilitate the application process 

of design suggestions by novice software engineers. Our intention is to provide means 
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of evaluating UX features and facilitate the redesign process through the use of design 

suggestions, so novice software engineers can improve the quality of their applications. 

In the following chapter, we use the results from these studies to propose a set of 

technologies aiming at improving the results of UX evaluations and redesigns of user 

interfaces by software engineers. 
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4 The Proposed Technology 

Based on our literature reviews and empirical studies, this 

chapter presents our proposal for an approach to support both 

the evaluation and suggestion of improvements in mobile 

applications. Here we present the concepts of Redesigning for 

EXperience (REX), which aims at collecting UX data from users 

while attempting to be less intrusive than other UX methods. 

Also, we describe our strategy for supporting the correction 

process of the identified UX problems, by suggesting 

improvement opportunities based on the identified problems. 

4.1 Introduction 

In Chapters 2 and 3, we analyzed evaluation methods for identifying UX problems and 

improving the UX in software applications and carried out two exploratory studies to 

verify what could be improved in the application of those methods. Based on the results 

from our review of existing methods and empirical studies, we were able to understand 

their advantages and disadvantages. Besides the lack of UX evaluation methods for 

mobile devices, we identified the following difficulties in using current UX evaluation 

methods: 

(DI) Difficulty in Information Externalization: One of the problems in UX 

evaluation methods relying on users reporting their emotions is the users’ difficulty in 

externalizing their feelings and opinions. This problem affects the effectiveness of the 

method, as users who are not able to easily express themselves may have difficulty in 

reporting problems that affected their experience. If a method is not able to gather 

information on the aspects that affected the users’ experience, it will not be able to 

provide useful information for the development team to improve the evaluated software 

application. 

(DII) Negative Influence of a Moderator: The problem of externalization that 

users face when reporting their experience increases when users are asked to express 
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their opinions next to a moderator. This can make users (especially those who are shy) 

feel uncomfortable or conceal information to please the moderator. Also, acting next to 

a moderator can cause users to behave differently than how they would behave in a real 

usage scenario. 

(DIII) Negative UX during the Evaluation: According to Isbister et al. (2006), 

the experience of the feedback giving should be pleasant in and of itself, so users feel 

comfortable when employing the UX evaluation method. This is a problem in methods 

that use scales or report instruments that make the evaluation seem like a task. 

(DIV) Lack of Redesign Suggestions: Another important issue with current UX 

evaluation methods is that most of them do not provide guidelines to correct the 

identified problems. According to Hornbæk and Frøkjær (2005), development teams 

require more than the list of problems to support the redesign process. In most cases, 

software engineers also value having solution proposals along with the identified 

problems to assist them in the correction process. These results were corroborated by 

our review and empirical study on the use of design suggestions (see Chapters 2 and 3). 

Difficulty DI, DII, and DIII are related to the identification process of UX 

problems, while Difficulty DIV is related to the solution of those problems, i.e., the 

redesign of the software application to provide a positive UX. Considering the context 

described above, in this chapter, we aim at answering the following research question: 

“How can we easily evaluate the UX from the point of view of users and provide 

developers with means of identifying improvement opportunities, without having a 

boring or intrusive UX evaluation?” 

To provide a solution to the problems defined above, we have proposed a set of 

features that can be useful for future research in the development of UX evaluation 

methods meeting the current needs of the software industry: 

(FI) To Facilitate Feedback Giving: UX evaluation methods should focus on 

facilitating the evaluation process from the point of view of users, by providing means 

to report their experience easily. This feature aims at improving the effectiveness of the 

method for gathering UX data, which will be useful in the next steps of the redesign 

process. 
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(FII) To Reduce the Influence of a Moderator: UX evaluation methods should 

focus on reducing the influence of the moderator by training practitioners in the 

evaluation process, or providing other means to collect UX data. The goal of this feature 

is to reduce the influence of the moderator in the answers of the user regarding his/her 

experience with the software application. 

(FIII) To Make the Evaluation Pleasant: UX evaluation methods should focus 

on making the evaluation a pleasant activity and not seem like a boring and forced task. 

The purpose of this feature is to avoid users from providing poor information and 

wanting to finish the evaluation as soon as possible, or even drop the evaluation. 

(FIV) To Provide Suggestions to Solve the Identified Problems: This final 

feature is related to assisting software development teams in the redesign process of a 

software application, after having identified a set of UX problems. The goal of this 

feature is to make the redesign process easier and provide meaningful and useful ideas 

that can be put into practice to improve the UX and the quality of the developed 

software application. 

We will now discuss how the Redesigning for EXperience (REX) approach has 

incorporated the above features, in order to become a complete UX evaluation method 

and a means for identifying improvement opportunities. The remainder of this chapter 

presents the REX technique and its tool support, its architecture and an application 

example. 

4.2 The REX Technique 

The REX technique was developed using Hassenzahl’s (2005) UX model which 

provides a set of concepts regarding how users experience products in general. In that 

model, Hassenzahl (2005) suggests evaluating UX from two perspectives: Hedonic, 

related to the emotions evoked by the product aiming at the users’ well-being; and 

Pragmatic, related to the capability of achieving goals with the product with 

effectiveness and ease of use. Considering these perspectives, we organized the 

evaluation considering possible users’ emotions, and possible pragmatic problems 

within mobile applications that could cause negative emotions. 
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To provide a set of basic emotions, from which the user could choose from, we 

considered the work by Scherer (2005). Scherer (2005) suggested categorizing emotions 

according to their meaning in the dimensions of valence, control, and arousal. However, 

instead of allowing the user to provide a value for each of these dimensions, Scherer 

provided a set of emotions grouped within families. We saw this approach as an 

appropriate fit to our proposal of an initial set of emotions since users would not have to 

categorize what they were feeling in different dimensions and also because Scherer 

(2005) carried out a study selecting specific emotions that were more common to 

regular people. 

To suggest an initial set of pragmatic problems from which users could choose 

from to explain what caused negative emotions, we decided to start off with the design 

suggestions by Neil (2014) and the Heuristic Evaluation by Nielsen (1994). Neil (2014) 

describes design problems that are specific to mobile applications and suggests means 

for addressing them, while the Heuristic Evaluation (Nielsen, 1994) provides generic 

attributes for software applications in order to be usable. We chose to use the work by 

Neil (2014) as a basis, since the author gathered specific problems that users faced when 

carrying out tasks in the context of mobile applications, explaining the cause of the 

problem on real applications and how it affected their use. Additionally, each of the 

listed problems is accompanied by design suggestions on how to correct it, based on 

applications that have been accepted by end users in which the suggestion was applied, 

and previous experience of software development projects. Although some of the 

problems described by Neil (2014) may occur in applications that are not necessarily 

mobile, the way in which these problems are handled consider screen size and the 

mobile context, which may be useful for software development teams. 

To complement our initial set of problems, we also consider the generic usability 

rules from the Heuristic Evaluation (Nielsen, 1994). The Heuristic Evaluation was 

considered as a basis since it has been widely adopted due to its positive results (Squires 

and Preece, 1999; Hvannberg et al., 2007; Hearst et al., 2016). Also, since it can be 

applied to different application contexts (mobile, web, desktop, others), we could use it 

to suggest further problems to complement the original list derived from the work by 

Neil (2014). Once we identified which problems could be faced by users, our idea was 

to rewrite these set of problems and simplify their description, developing items 

describing features and problems of mobile applications that could be easily understood 
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and chosen by users to report their experience. As a result of these aspects, we 

developed the following organization for the technique: 

1) Guiding Question: A guiding question indicates the user what is being 

evaluated and organizes the evaluation in stages. 

2) Emotional Response: An emotional response indicates an answer to a guiding 

question, and allows the users to report the hedonic aspect of their UX. These 

emotional responses were based on the items proposed by Scherer (2005). 

3) UX Problems: A UX problem reports a pragmatic aspect that caused a negative 

emotional response. Thus, they indicate the aspects reported by Neil (2014) and 

Nielsen (1994). 

These guiding questions, emotional responses, and UX problems are grouped in 

a logical order to facilitate the evaluation process. This decision was made to meet 

feature FI (To Facilitate Feedback Giving). Therefore, we organized the evaluation 

according to the components of mobile applications that could be experienced by the 

users. The following categories of components were identified from the design 

suggestions by Neil (2014): 

1) Tutorial: The user perceives it through the presentation of a tutorial or 

introduction or may start the application without an introduction. 

2) User Identification: The user perceives it through the user registration and user 

login. 

3) Generic Functionalities: The user perceives it through navigating within the 

application, carrying out searches and viewing information (text, figures, graphs, 

and tables). 

4) Specific Functionalities: The user perceives it through the employment of 

specific functionalities of the application to achieve goals. 

5) Feedback: The user perceives it through the information regarding successfully 

performed tasks, information regarding unsuccessfully performed tasks, and if 

the application does not provide feedback. 
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6) Help: The user perceives it by accessing system help or through the lack of 

system help. 

The complete set of questions, emotional responses, and UX problems can be 

found in Appendix C. Also, the order in which the questions must be asked according to 

the aspects that are being evaluated can be found in Appendix D. Interested readers can 

refer to these documents in order to apply the technique. 

4.3 The REX Evaluation Tool 

One of the problems with UX evaluation instruments is that, in most cases, they are not 

interactive. Mostly, UX evaluation methods provide forms which the users have to fill 

in to report their experience (Vermeeren et al., 2010). To help improve this feature, we 

have developed a REX Evaluation Tool as a mobile application with an engaging 

design. Also, the results from other empirical studies involving evaluation methods 

showed that evaluation tools that automate part of the evaluation process could improve 

the acceptance of the proposed method (Rivero et al., 2014; Rivero et al., 2015). 

In order to avoid bias by introducing the role of a moderator into the evaluation 

process, but still being able to guide users, we decided to create a moderator avatar, also 

called REX which would be embedded into the evaluation tool. The REX avatar has 

two main responsibilities: (1) to explain what is asked of the user at every stage of the 

evaluation process, and (2) to answer questions about any of the stages if the user 

requires it. 

Figure 4-1 shows some of the expressions from the REX moderator avatar (see 

Introduction and Answering Users’ Questions) and some screens from the REX 

Evaluation Tool. The appearance of the REX avatar was obtained using the free 

resources of Animaker4, a Website that provides online tools to create videos and 

animations for different purposes. The avatar changes his expression according to the 

stage of the evaluation process. For instance, the avatar is presenting himself using 

common terms to users instead of technical language, in order to facilitate 

understanding what is asked of the user at each step of the evaluation. Also, Rex 

provides hints at each step of the evaluation, such as explaining how the user’s personal 

                                                             
4http://www.animaker.com/ 
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data (e.g., name, age, experience) will be handled, informing that the data will only be 

used for trying to improve the evaluated mobile application. 

 

Figure 4-1 Screens from the REX Evaluation Tool 

The choice of using an avatar was made to meet feature FII (To Reduce the 

Influence of a Moderator), as this can cause discomfort to users during the UX 

evaluation (Rivero and Conte, 2015). However, although the use of an avatar can 

facilitate the interaction in several contexts and provide guidance (Lin et al., 2004; Chen 

et al., 2008), we do not claim that such choice would be better than other alternatives. 

We saw it suitable for the context of representing the moderator while guiding users 

through the evaluation process. 
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Furthermore, to meet feature FIII (To Make the Evaluation Pleasant), we 

included animations between one screen and another, and the colors, text font and 

images of the application were chosen given the advice of designers and following 

examples of interfaces in games. The purpose of changing the appearance of the REX 

application was for it to be perceived as informal, so users would not feel that 

participating in the evaluation was a forced task. Additionally, the questions are 

presented according to what the user answers in previous stages of the evaluation, 

making the app react to the user’s choices. 

4.4 The REX Architecture and Evaluation/Redesign Procedure 

Figure 4-2 shows the architecture from the REX approach, considering the technique 

and its evaluation tool. In this figure, the REX technique is composed of questions, 

emotional responses, and items. These are incorporated into the tool, which automates 

them through the moderator avatar and guides the user through the evaluation. Based on 

the individual evaluations, a technical report to support the redesign process can be 

created. The procedure for carrying out an evaluation using the REX approach will be 

explained below. 

 

Figure 4-2 The architecture from the REX approach 

Figure 4-1 (see Specific UX Evaluation) shows an example of how the items from the 

REX approach are organized and presented to the user as she progresses in the 

evaluation. In this example, the user is presented with a question regarding the 

“Tutorial” component asking how she first experienced the application. For this 

question, the user can indicate if: (1) (s)he started using the application without 

assistance; or (2) a tutorial was presented. Once the user selects an option, the avatar 

asks questions on how the user felt regarding that component of the application, and for 
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each possible emotion, it provides reasons for explaining them through the items 

reporting problems that we developed. The components, emotions, and items for 

explaining them are presented gradually to the user as she progresses in the evaluation. 

If the user has not experienced or seen the suggested component, she leaves it 

unmarked, and the avatar will continue asking questions regarding the rest of the 

components without wasting the users’ time (as it will not be necessary to evaluate 

unrelated aspects). 

In that context, we have specified three main stages to carry out a UX evaluation: 

1) Presentation: In this stage, Rex is presented to the user, while it also asks 

simple demographic questions to tailor the rest of the evaluation (e.g., change 

the emotion cards according to the user’s sex). 

2) Reporting of UX problems according to specific features of the application: 

During this stage, the user reports on his specific emotional response and the 

different problems she faced while using the application. In that context, the user 

will be guided by means of features of the application, questions, experienced 

emotions and items to explain these emotions. 

3) Overall Emotional Evaluation: During this stage, the user summarizes her 

experience in terms of emotions (see all possible emotions in Figure 4-1 – 

Overall UX Evaluation). Also, if she believes something has not been reported, 

she can use specific fields to provide a description of UX problems and/or 

suggestions for improving the application according to her needs (see an 

example of comments given by a user in Figure 4-1  – Further Comments). We 

chose to include this option to avoid limiting the user feedback to our initial set 

of problems and/or emotions. 

Once a user finishes evaluating an application through REX, we generate a 

report containing the user’s selection of emotions and items towards the evaluated 

application. Also, this report contains the user’s demographic information (age, gender, 

experience with mobile technology, others) and generic opinion and improvement 

suggestions regarding the evaluated application. Software engineers can use this report 

as a basis for identifying improvement opportunities. The report is created based on a 

spreadsheet which links each of the identified problems to an appropriate design 
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suggestion. This was done in order to meet feature FIV (To Provide Suggestions to 

Solve the Identified Problems). 

The report indicates the set of emotions and items that were selected by the users 

regarding a component from the evaluated application, and the corresponding 

percentage of users who indicated them. Additionally, each of the items indicating a UX 

problem is paired with an improvement suggestion based on the design suggestions by 

Neil (2014) and the generic usability rules from the Heuristic Evaluation (Nielsen, 

1994). The software development team can analyze this report to modify the user 

interface in order to improve the UX of the evaluated application. 

Table 4-1 shows an extract from the redesign report considering the feedback 

from several users. In this report, users’ feedback is organized according to the 

component from the application they were evaluating, the responses that such 

component evoked, and the reasons that caused such responses. For each emotional 

response and reason, there is a number indicating the percentage of users who felt that 

way or experienced that problem. The development team can use this information to 

make changes in the application. Additionally, the report can contain further problems 

and improvement suggestions proposed by the users themselves during the overall 

emotional evaluation. 

Considering the evaluation and redesigned process described above, Figure 4-3 

shows an activity diagram of the evaluation and redesign process of the REX approach, 

considering: (a) the moderator, which can be a member of the development team 

deciding what to correct in the application; (b) the evaluator, which can be a user testing 

the mobile application; and (c) the REX evaluation tool, which automates the guiding 

process of the REX technique. In the following subsection, we better explain how the 

process works through an example. 
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Figure 4-3 The evaluation and redesign process from the REX approach 
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Table 4-1 Extraction from a UX report generated by the REX approach 

Component/Emotion/Item Percentage 
Improvement 

Suggestion  

Tutorial   

Confused 45%  

(I1) The goal of the application 

is not clear. 
17,5% 

Apply the “Tutorials 

and Invitations” 

design suggestions 

from Neil (2014). 

Navigation   

Confused 22,50%  

(I2) The user does not 

understand the current state of 

the application, once (s)he 

reaches a new screen. 

12,5% 

Include “Visibility of 

system status” from 

Nielsen (1994). 

Overloaded 10%  

(I3) The user needs to access the 

menu all the time and to do so, 

(s)he has to activate it. 

5% 

Apply the “Persistent 

Navigation” design 

suggestions from Neil 

(2014). 

4.5 An Application Example of the REX Approach 

To illustrate how REX could be used for both evaluating the UX of a mobile application 

and suggesting improvement opportunities, we will show its application process through 

an example. In this example, we will evaluate and redesign an application under 

development called “ZikaZero”, which aims to reduce the spread of the Zika virus. The 

Zika virus has spread throughout Brazil, becoming a risk to the health of the population, 

causing pain and mental and physical exhaustion (Campos et al., 2015). ZikaZero 

intends to allow people to indicate the locations in which the mosquito that spreads the 

disease can breed to the government authorities. By indicating these locations and 

providing information to its users on how to avoid the disease, the ZikaZero application 

can help reduce the occurrences of the virus and its spreading. 

Figure 4-4 shows some screens from the ZikaZero application in its original 

version. In this figure, one can see the splash screen of the application (see Part A), the 

main screen showing some navigation options (see Part B) and the posts in which users 

indicated locations where the virus could spread (see Part C). The part of the report 

shown previously in Table 4-1 is also part of the report showing the results from 
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evaluating the ZikaZero application using REX. In this sense, users felt confused when 

first opening the app and then when navigating through it. For instance, no information 

was provided on what the purpose of the app was (see Item I1). Additionally, users felt 

confused when navigating through the application due to the lack of information on the 

current state of the application (see Item I2). Finally, as the users had to access the menu 

all the time and they had to switch among screens, the users felt overloaded with 

information (see Item I3). 

 

Figure 4-4 Screens from the original version of the ZikaZero app 

To deal with these problems, the development team applied the suggestions from 

the report in Table 4-1 for each of the identified problems. In this sense, Figure 4-5 

shows screens of the redesigned version of the ZikaZero application. To deal with the 

lack of information for first-time users (see Table 4-1 Item I1), a tutorial explaining the 

purpose of the application and what users could do with it was provided when first 

opening the application (see Figure 4-5 Part A). Additionally, as users were not aware 

of their location in the application (see Table 4-1 Item I2), for each screen, instead of 

indicating the name of the app in the top bar of the screen, the development team 

included the name of the current screen in which the user is in (see Figure 4-5 Part A). 

Finally, to avoid having to go to a totally different screen to navigate through the 

application (see Table 4-1 Item I3), the development team suggested including a menu 
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that would show on the side of the screen if the user activates it, still remaining in the 

current task (see Figure 4-5 Part B). 

 

Figure 4-5 Screens from the redesigned version of the ZikaZero app 

When applying the REX approach, the development team can prioritize the 

correction of the identified UX problems based on the percentage of users who felt a 

specific emotion and/or marked an item as a reason for having a negative UX towards 

the evaluated application. In this example, we have shown three problems that were 

corrected by the development team. 
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4.6 Summary 

This chapter discussed the results from our reviews and empirical studies on UX 

evaluation methods and what can be improved in the evaluation and redesigned of 

software applications aiming at achieving a positive UX. Such analysis aimed at 

proposing a set of features to support future research in UX evaluation. As a result, we 

identified four main features: (FI) Facilitating Feedback Giving, (FII) Reducing the 

Influence of a Moderator, (FIII) Making the Evaluation Pleasant and (FIV) Providing 

Suggestions to Solve the Identified Problems. 

The features defined above have been used to propose the REX approach which 

guides users through the evaluation process and suggests possible solutions for the 

identified UX evaluation problems. Furthermore, REX focuses on the evaluation of 

mobile applications as there are few methods specifically developed for this purpose 

and due to the rising popularity of this type of applications. 

Redesigning for EXperience (REX) is an approach that aims to support users 

and software engineers in the UX evaluation and redesign of mobile applications 

respectively. We chose to focus on mobile applications due to their increasing number 

and importance in the past few years (Sarwar and Soomro, 2013), and the still shortage 

of UX methods that are specific to this category of applications (based on the results of 

our review). After trying to motivate and guide users during the reporting of their 

experiences, REX also provides a process and suggestions for software engineers to 

deal with the identified UX problems. 

Finally, we highlight that REX is not a new approach for the UX evaluation of 

mobile applications, but an adaptation of existing approaches cited in Chapter 2. In 

essence, the REX approach is a “Form” type method which also provides an evaluation 

tool. Additionally, it uses probes (in our case, cards of emotions and items) to guide the 

user through the evaluation. In this sense, it allows identifying both quantitative and 

qualitative data, while providing improvement suggestions during the evaluation. 

Furthermore, it must be applied by users in a controlled environment after a momentary 

experience of a product or prototype (which can be functional or show the interaction 

with the system). In the next chapters, we will describe empirical studies aiming at 
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evaluating the feasibility of the REX approach and the opinion of users and software 

engineers on employing it. 
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5 The Initial Evaluations and Improvements of REX 

This chapter presents the assessment of the acceptance of the 

REX approach from the point of view of users and software 

engineers in two studies. When compared to 3E, a qualitative UX 

evaluation method, the results show that REX was perceived as 

more fun, useful and more interactive. Additionally, software 

engineers considered REX useful and easy to understand, while 

suggesting providing graphs and visual highlights to facilitate 

interpreting the report. The improvement opportunities identified 

in the REX approach have been incorporated to REX generating 

its second version. 

5.1 Introduction 

We proposed a new UX evaluation method called Redesigning for EXperience (REX). 

In this chapter, we carried out two studies to verify the feasibility of REX as an 

approach for identifying UX problems and suggesting improvement opportunities in a 

mobile application. In Study 1, we compared the results found with REX with the 

results from 3E and evaluated the acceptance of the REX approach from the point of 

view of users. In Study 2, we analyzed the acceptance of REX by software engineers, 

both novice, and senior, when employing the report to improve the quality of an 

application in terms of UX. By presenting the results of these evaluations, we intend to 

encourage the adoption of the REX approach and improve the experience portrayed by 

the evaluated and redesigned applications. 

The remainder of this chapter is organized into five more sections. In Section 

5.2, we describe the execution and results of the empirical study from the point of view 

of users. Then, in Section 5.3, we describe the execution and results of the empirical 

study from the point of view of software engineers. Section 5.4 discusses our findings 

and lessons learned from the empirical studies in order to suggest improvements in the 
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REX approach, while Section 5.5 shows its new version. Finally, Section 5.6 concludes 

this chapter. 

5.2 Study 1 - Evaluation from the Point of View of Users 

In Study 1, we evaluated the feasibility of REX for the evaluation of a mobile 

application from the point of view of users. Therefore, we assessed the perceived 

usefulness and perceived ease of use of applying REX to report the emotions portrayed 

by an application and the causes for those emotions. We chose to evaluate the ZikaZero 

app (which is the same application used for showing how to use REX in Subsection 4.5) 

since it was an application being developed at the time, and the development team was 

interested in increasing its quality in terms of UX. 

In addition to the use of REX, we applied the 3E method by Tähti and Niemelä 

(2006) as it is a cost-effective method that is also easy to use for users to report their 

experiences with mobile applications. Although REX and 3E are two different 

approaches, we wanted to compare the results in terms of time spent, a number of 

identified problems, false positives, and suggestions, in order to see how REX provides 

information on users’ UX and if it is perceived as engaging and easy to use. 

Additionally, based on empirical evaluations (Isomursu et al., 2007), 3E had properties 

that match the contexts in which REX is supposed to be used. For instance, it does not 

require the presence of the moderator; it also allows gathering qualitative data on 

emotional responses from users and their causes; and users are free to provide 

suggestions or make drawings on aspects that negatively affected their experience. 

5.2.1 Method 

At all, 84 students from a local university in the city of Manaus (Brazil) were recruited 

for the study as part of the practical activities to be performed in class. The students 

were enrolled in classes related to computer science such as software quality, software 

analysis, and others. Before the study, all subjects who agreed to participate filled out a 

consent form and a characterization form. The consent form requested the participants’ 

agreement in participating in the study and explained the main activities of the study 

and the confidentiality of the results. Additionally, the characterization form aimed at 

determining if the subjects met the expected user profile (if they were aware of the zika 

virus and its threats). Also, as the subjects could have background on subjects related to 
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Human Computer Interaction or Software Development in general, we categorized them 

according to the number of years in which they had worked in such activities. The 

categorization was performed as follows: (a) None: No experience; (b) Low: less than 1 

year and with knowledge based on books and classes; (c) Medium: 1 to 3 years of 

practical experience; and (d) High: more than 3 years of practical experience. Around 

50% of the subjects had none or low experience, while the rest had at least medium 

experience in one of the two mentioned topics. 

All evaluations followed the same procedure shown in Figure 5-1. Before the 

study, the subjects were characterized. Then, they were scheduled for participation, and 

in their participation day, they entered a lab room where a moderator greeted them to 

provide the study materials. After explaining the purpose of the ZikaZero mobile 

application, the subjects received a mobile phone with an embedded navigable PDF file. 

Such file contained the screens of the ZikaZero application which had been mapped 

with links to simulate the main interactions with it. Users could tap on the PDF file, and 

they would be directed to the according screen to carry out tasks such as posting a 

potential risk location where the mosquito could breed and finding information on how 

to avoid being contaminated with the virus. After interacting with the application, the 

subjects were presented with one of the two UX evaluation approaches (either REX or 

3E) and were asked to use them to report their experiences. As mentioned before, 3E is 

a UX method for evaluating mobile applications without the interference of a 

moderator. In that context, note that each subject employed only one of the techniques. 

To avoid having more experienced subjects in one group using REX than the other one 

using 3E, we balanced them according to the experience of the subjects in the fields of 

Human Computer Interaction and Software Development following their categorization. 

During the UX evaluation, the moderator of the evaluation and an assistant were 

responsible for counting the time spent per user to finish reporting his/her experience. 
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Figure 5-1 Steps for the execution of Study 1 

Based on each UX report (from REX or 3E), we collected the features the users 

reported that negatively affected their UX or improvement suggestions they thought 

could be implemented in the application. For the 3E method, we extracted the 

information from the written passages within the filled 3E form. To extract the features 

from the REX reports, we used the REX spreadsheet (see Subsection 4.5), which was 

specifically tailored for viewing the collected UX data (negative aspects and 

suggestions). Such spreadsheet was created to integrate the data collected from each 

user applying the REX approach and allows to combine the individual REX reports 

generated after an evaluation. From the 84 subjects, 2 subjects that would employ REX 

dropped from the study for personal reasons. Therefore, a total of 82 UX reports were 

delivered (40 automatically generated reports from the REX approach and 42 filled 

forms from the 3E method). The results of the evaluation were analyzed in the 

following steps: 
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1) Collection: Based on each UX report (both REX and 3E), we collected the 

features that the users reported negatively affected their UX or improvement 

suggestions that they thought could be implemented in the application. These 

aspects and suggestions were incorporated into a single report. 

2) Removal of Duplicated Problems: We highlighted duplicated features 

(negative aspects or suggestions) that were pointed out by more than one user. 

Then, we generated a new complete report which contained all negative features 

and improvement suggestions found without showing the duplicated ones. Note 

that for each duplicated aspects/suggestion the better-described item was 

retained. 

3) Discrimination: We carried out a meeting with three UX specialists to classify 

the negative aspects and suggestions as appropriate to the development of the 

ZikaZero application. To avoid classification bias, the three UX specialists were 

researchers outside the study who had more than 4 years of experience in 

carrying out usability and user experience evaluations, while also having high 

knowledge on interaction modeling, and design methods. These experts 

reviewed the list of negative aspects and classified them as problems or false 

positives. Note that by false positives, we refer to issues that were pointed out by 

the users, but were judged by the specialists as attributes that were not related to 

the use of the application, or were not within the scope of the developed 

application (e.g., the user indicated that there was a problem but did not describe 

it, the user complained about the mockups, others). Thus, when discussing a 

negative aspect and it was not deemed to be a problem, such aspect was 

classified as a false positive. 

The number of negative aspects pointed by the users as well as the improvement 

suggestions and time spent in the UX evaluation has been employed to compare the 

performance of the UX techniques. 

To gather data for evaluating the acceptance of REX, we applied a questionnaire 

based on the indicators from the Technology Acceptance Model 3 (TAM 3). TAM 3 

(Venkatesh and Bala, 2008) aims at assessing the users’ beliefs about the usefulness, 

ease of use and intention of using a technology that is expected to support them in 
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performing a task. According to the authors of the TAM model, perceived usefulness 

defines the degree to which a person believes that a technology could improve his/her 

performance at work; perceived ease of use defines the degree to which a person 

believes that using a specific technology would be effortless; and intention to use 

defines the degree to which the user believes that (s)he would adopt a technology. The 

reason for focusing on these indicators is that these aspects are strongly correlated to 

user acceptance of a given technology (Venkatesh and Bala, 2008). Considering that 

REX is a new approach to evaluate UX, it is interesting to evaluate its acceptance from 

the point of view of users. 

Table 5-1 shows the questionnaire we applied for evaluating perceived 

usefulness, perceived ease of use and intention to use regarding REX and 3E. In order to 

apply the questionnaire, we: 

1) Replaced the investigated “technology” in the questionnaire with the terms 

“REX” or “3E” according to the technology we were evaluating. 

2) Replaced the process investigated in the questionnaire with “reporting of the 

UX” with a focus on mobile applications. 

3) Employed a seven-point scale asking for the degree of agreement with the 

statements from the point of view of users as suggested by Venkatesh and Bala 

(2008): (1) strongly disagree, (2) moderately disagree, (3) somewhat disagree, 

(4) neutral, (5) somewhat agree, (6) moderately agree and (7) strongly agree. 

4) After the statements within the questionnaire, we included open questions, to 

better understand the features that made the REX or 3E useful (or useless), easy 

(or difficult) to use and suitable (unsuitable) for reporting the users’ experience. 

After each subject had delivered his/her questionnaire, we counted the degrees of 

agreement per each of the items from the TAM questionnaire in order to provide an 

overview of the acceptance of the REX and 3E approaches. Additionally, for the REX 

approach, we analyzed the data obtained from the open questions investigating the 

aspects that affected its usage and acceptance by applying qualitative analysis 

procedures (Glaser and Strauss 2009). While we analyzed the data contained within the 

questionnaires, we created codes related to the citations within them. These codes were 

reviewed by an experienced researcher in qualitative analysis, who verified them and 

the categories in order to audit the coding process. After that, we created the 
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relationship codes. Consequently, we identified codes related to the difficulties and 

facilitators of the REX approach, the reasons that would make users apply it again for 

performing a UX evaluation, and its improvement opportunities. 

Table 5-1 Applied TAM adapted questionnaire for evaluating the applied UX 

technologies 

Statements regarding “Perceived Usefulness” (PU): 

PU1 Using the “technology” improves my performance in reporting my 

experience with a mobile application. 

PU2 Using the “technology” in reporting my experience with a mobile 

application increases my productivity. 

PU3 Using the “technology” enhances my effectiveness in reporting my 

experience with a mobile application. 

PU4 I find the “technology” to be useful in reporting my experience with a 

mobile application. 

Statements regarding perceived “Ease of Use” (EoU): 

EoU1 
My interaction with the “technology” is clear and understandable when 

reporting my experience with a mobile application. 

EoU2 
Interacting with the “technology” does not require a lot of my mental 

effort when reporting my experience with a mobile application. 

EoU3 
I find the “technology” to be easy to use when reporting my experience 

with a mobile application. 

EoU4 
I find it easy to get the “technology” to do what I want it to do when 

reporting my experience with a mobile application. 

Statements regarding “Behavioral Intention” (BI): 

BI1 Assuming I had access to the “technology,” I intend to use it. 

BI2 Given that I had access to the “technology,” I predict that I would use 

it. 

BI3 I plan to use the “technology” in the next <n> months. 

5.2.2 Results 

Figure 5-2 shows a form that was filled by one of the subjects who employed the 3E 

method to report his experience. In this figure, the user reports an overall positive 

experience. Although he reports having issues with understanding the application 

(mainly, in the menu), he indicates that the idea of the application is good and that it 

could be very useful. Furthermore, the user stated that he got lost when registering in 

order to use the services of the application. These problems were also stated in the REX 
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reports. An extract of the complete report of the negative emotions that the users 

reported was shown in Table 4-1 along with the features that caused those emotions. 

 

Figure 5-2 3E form filled in by one of the subjects in the study 

To analyze the performance of each technique, we considered the following 

indicators: (a) the time spent for a user to report his/her experience; (b) the number of 

UX problems a user reported using the technique; (c) the number of false positives a 

user reported using the technique (notes that the user pointed as a problem but were not 

real pragmatic problems, e.g., part of the application that is not shown because it is still 

under development); and (d) the number of suggestions a user reported using the 

technique. 
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Table 5-2 shows the descriptive statistics from the results for each indicator per 

technique. We discarded 3 outliers from the REX approach and 8 outliers from the 3E 

approach. These outliers were considered due to their results in terms of identified UX 

problems, false positives and suggestions. In case a subject did not identify any UX 

problem, suggestion or problem that turned out to be a false positive (i.e., (s)he did not 

try to indicate a problem in the application or ways to improve it), (s)he was considered 

an outlier. Figure 5-3 and Figure 5-4 show the boxplot graphs with the distribution in 

terms of time spent per technique and overall results, respectively. 

Table 5-2 Descriptive statistics of the quantitative results regarding time spent, 

total identified problems, false positives and suggestions per technique 

  3E REX 

Time Spent 

Min 5 6 

Max 23 31 

Mean 12,9 13,1 

Median 12 13 

Std. Dev. 5,1 4,7 

Total Problems 

Min 0 0 

Max 5 14 

Mean 1,0 2,9 

Median 1 3 

Std. Dev. 1,2 2,8 

Total False 

Positives 

Min 0 0 

Max 0 4 

Mean 0,1 0,4 

Median 0 0 

Std. Dev. 0,3 0,8 

Total Suggestions 

Min 0 0 

Max 9 5 

Mean 1,1 1,3 

Median 1 1 

Std. Dev. 1,5 1,0 

Overall Results 

Min 1 1 

Max 9 37 

Mean 2,2 7,6 

Median 1 6 

Std. Dev. 1,9 6,9 
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Figure 5-3 Boxplot graphs comparing the time spent per technique 

 

Figure 5-4 Boxplot graphs comparing the overall results per technique combining: 

overall identified problems, false positives and improvement suggestions  
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To compare the techniques, we applied the Mann-Whitney non-parametrical 

statistic method (Birnbaum, 1956). The choice for such test was due to the non-

normality of our samples (in all cases, the Shapiro-Wilk showed p < 0,05) (Shapiro and 

Wilk, 1965) and because we also applied a between-subjects study design. The results 

from the statistical analysis (α = 0,05) suggest that overall (when considering UX 

problems, false positives, and suggestions) there was a statistical difference (p = 0,000). 

Furthermore, Table 5-3 shows the results of chi-square tests (Corder and 

Foreman, 2014) verifying the effect of the use of the techniques in the observed 

variables. The results suggest that when considering the UX problems found using the 

specific items provided by REX, using one technique or another may result in different 

amount of UX problems. A possible reason for this improvement may be due to the 

guidance offered by REX when a user is explaining the reasons for a poor UX. 

Table 5-3 Summary of the statistical analysis using chi-square in each of the 

indicators 

Indicator P-Value Conclusion 

Time Spent 0,325 
There is no significant association between the 

time spent and the applied technique. 

Identified UX 

Problems 
0,014 

There is a significant association between the 

number of identified UX problems and the 

applied technique. 

False Positives 0,227 

There is no significant association between the 

number of false positives spent and the applied 

technique. 

Suggestions 0,109 

There is no significant association between the 

number of suggestions spent and the applied 

technique. 

We also compared the emotional responses of the users regarding the evaluated 

application with both techniques. To analyze the reported emotions through REX, we 

counted how many times a user indicated (s)he felt positive or negative emotions 

towards the application when summarizing his/her experience at the end of the test (see 

Figure 4-1 - Overall Emotional Evaluation) and then, we verified the tendency of the 

experience as negative, neutral or positive. Regarding 3E, we also categorized the 

experiences as positive, negative or neutral. However, the analysis was performed over 

the faces that the users drew in their reports (see Figure 5-2 for an example of a 3E 

report), categorizing the faces. Table 5-4 shows the overall emotional responses of the 
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users towards the ZikaZero app. Here, we can see that users employing 3E reported 

having more positive experiences than users who applied REX. This can be explained 

by the focus of the technique. In this sense, as 3E is a reporting technique that suggests 

indicating what the user is thinking and what (s)he would say about the evaluated 

product, users are free to report what they want. On the other hand, REX makes users 

think of different aspects of the application, which can affect their perception of the 

application, making them be more critical of it. This is important, as being able to think 

of what is not working properly in the application may be useful for software 

development teams of mobile applications. 

Table 5-4 Summary of the number of users per techniques who had negative, 

neutral or positive overall emotional responses 

 

REX 3E 

Negative 6 1 

Neutral 5 5 

Positive 29 36 

Regarding the reporting of the users’ emotional responses through REX, we also 

compared if there were any inconsistencies between how users reported their 

experiences during the use of REX and at the end of the evaluation. Therefore, we 

counted the reported emotional responses of the users when evaluating each of the 

components of the application and we categorized them as negative, neutral and positive 

following the same procedures as before. Table 5-5 shows the summary of the 

consistency of users when reporting their experience gradually through the evaluation of 

the components of the application and after summarizing their emotional response at the 

end of the evaluation using REX. In this table, the numbers with a “=” symbol represent 

the number of users who, throughout the evaluation, indicated a type of emotional 

response and at the end of the evaluation summarized their emotional response in the 

same way (e.g., 22 users indicated that they had a positive experience with the 

application throughout the evaluation of its components and indicated the same at the 

end of the evaluation). Additionally, numbers with a “-” and a “+” indicate that the 

users reported inferior and superior overall emotional experiences respectively when 

describing their overall emotional response. When analyzing these numbers, we can see 

that only 26 out of 40 users (65%) maintained their detailed evaluation consistency with 

their overall evaluation using REX. This result suggests that although the overall 
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evaluation may reflect what users think, some aspects can be left behind if a UX 

evaluation method focuses on the overall evaluation and not the specifics. 

 

Table 5-5 Analysis of the consistency of users applying REX for evaluating their 

experience with the ZikaZero app 

  Overall Evaluation 

  Negative Neutral Positive 

During the 

Evaluation 

Negative 4 (=) 0 (+) 5 (+) 

Neutral 1 (-) 0 (=) 2 (+) 

Positive 1 (-) 5 (-) 22 (=) 

 

Regarding the answers from the TAM-based questionnaire, Table 5-6 shows the 

descriptive statistics for the Perceived Usefulness statements (PU1 to PU4), Perceived 

Ease of Use statements (PEoU1 to PEoU4) and the Behavioral Intention statements (BI1 

to BI3). The median for all answers in both techniques was equal or above 5 (agreement 

with the statements), which suggests that users thought that both techniques are useful, 

easy to use and that they would use them if given a chance. Nevertheless, REX achieved 

higher median agreement scores in terms of effectiveness for reporting an experience, 

required mental effort, intention to use and future usage. 

Despite the cautiously positive results, some subjects were not convinced about 

the usefulness and ease of use of REX approach and suggested some improvements. To 

better understand the reasons that made the users answer positively or negatively 

towards the use of REX for reporting their experience, we have analyzed the answers to 

the open questions, looking for the justification of their answers. Below, we present our 

results, referring to the users as subjects using the code SXX, where XX is the number 

of the user from 1 to 40. Note that we only present qualitative data regarding the REX 

approach as we are evaluating its feasibility from the point of view of users. 
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Table 5-6 Median and standard deviation for perceived usefulness, perceived ease 

of use and behavioral intention to use indicators for the REX and 3E techniques in 

a UX evaluation 

 REX 3E 

Item Median Std. Dev. Median Std. Dev. 

Perceived Usefulness 

PU1 - Performance 6 1,30 6 0,99 

PU2 - Productivity 6 1,37 6 1,20 

PU3 - Effectiveness 5 and 6 1,71 5 1,36 

PU4 - Useful 6 1,22 6 1,17 

Perceived Ease of Use 

EoU1 - Clear 7 0,63 7 1,07 

EoU2 – Mental Effort 7 0,75 6 1,23 

EoU3 – Easy to use 7 0,52 7 0,98 

EoU4 - Controllable 6 1,07 6 1,04 

Behavioral Intention 

BI1 - Intention to use 6 0,98 5 and 6 1,32 

BI2 - Prediction to use 6 0,90 6 1,23 

BI3 - Usage 6 1,43 5 1,62 

Regarding positive aspects of applying REX for evaluating the UX of a mobile 

application, we identified several features. For instance, some users mentioned that 

REX was intuitive, effortless, engaging, interactive, easy to use, not intrusive, dynamic, 

direct, friendly, and others (see quotes from subjects S03, S17, and S20). These results 

suggest that our initial requirements with REX were met. Additionally, several users 

stated that one of the main advantages of REX was providing a fixed set of emotions 

and items (see a quote from subject S05). Other users indicated that the images in the 

items and emotions made them easier to understand them (see a quote from subject 

S29). Furthermore, regarding the questions and guidance provided by REX, some users 

stated that REX made them think of features they could have easily forgotten during the 

evaluation (see quote from subject S10), while others indicated that the approach was 

useful for guiding the user due to its avatar (see quote from subject S19). These 

statements suggest that users felt guided during the evaluation process and that REX 

facilitated the evaluation by providing users with items with clear descriptions of what 

they could report regarding their experience. 
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“The REX environment was very interactive, and it presented a set of emotions 

from which I could choose from.” Generic Positive Aspects - Subject S03. 

“I felt at ease when using REX because it interacts with the user, and it makes 

questions and explains things during the evaluation.” Generic Positive Aspects - 

Subject S17. 

“The app has an interface that is super engaging and friendly, which allows me 

to express myself and my ideas.” Generic Positive Aspects - Subject S20. 

“The way of answering is easier because it uses predefined answers, which 

makes it faster to provide an answer.” Items Positive Aspects - Subject S05. 

“The images it provides are very interesting. It helps the user express himself as 

it is difficult to express that in words.” Items Positive Aspects - Subject S29. 

“It made me think of things I could have just left behind.” Guidance Positive 

Aspects - Subject S10. 

“I didn’t have to think a lot because the questions were objective and clear. 

Also, it had an assistant guiding me whenever I started a new phase.” Guidance 

Positive Aspects - Subject S10. 

Regarding negative aspects of applying REX for evaluating the UX of a mobile 

application, we also found some features. In most cases, users also pointed out what 

could be done to mitigate these disadvantages. Therefore, we will also describe 

improvement suggestions in the current version of the REX approach. First of all, some 

users did not think that the guiding process was as useful as suggested. For instance, 

although REX provides means for describing emotions and aspects that were not dealt 

with during the evaluation at the end, some users felt that this forced them to wait in 

order to report their experience (see quotes from subjects S14 and S27). To mitigate this 

problem, some users suggested allowing explaining the selected emotions with other 

features (e.g., writing, speaking, others), even if these are not present at the moment of 

the evaluation (see a quote from subject S10). This would avoid forcing users to 

remember a specific aspect of their experience they were not able to report until the end 

of the evaluation. Furthermore, other subjects indicated that the explanation provided by 

REX was too focused on evaluated aspects and did not explain how the evaluation was 
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going to be performed (see a quote from subject S40). To this end, some users 

suggested explaining or providing a brief introduction on how the evaluation would be 

performed and how the user could report his/her experience (see quotes from subjects 

S05 and S40), indicating that if (s)he thought an item was not applicable, (s)he could 

leave it unmarked. Finally, some users indicated that the emotions sometimes did not 

match with what they were feeling (see a quote from subject S37) or that some items 

were too broad that they could not be useful for evaluating a specific application (see a 

quote from subject S10). Although REX has some components that are focused on the 

specific functionalities of the application, its items are broad so they could fit the 

evaluation of other applications. In this sense, it could be interesting to allow including 

specific evaluation items created by the development team. Moreover, regarding not 

finding a specific emotion for an evaluated component, we still need to evaluate to what 

degree is providing all possible emotions could increase the effort for providing user 

feedback.   

“I could not express by writing when I wanted it...” Experience Report Negative 

Aspects - Subject S14. 

 “I felt a bit restricted to what REX wanted me to evaluate...” Experience Report 

Negative Aspects - Subject S27. 

“It would be interesting to allow inputting specific observed features.” 

Experience Report Suggestion - Subject S10. 

“There are some ramifications that do not make sense. I didn’t know how to 

evaluate my experience.” Guidance Negative Aspect - Subject S40. 

“… I would also explain that it is not mandatory to select an emotion or an item, 

you can just leave it unmarked.” Guidance Suggestion - Subject S05. 

“I would explain that each emotion has a set of items and that each item could 

be used to report my experience.” Guidance Suggestion - Subject S40. 

“It might be that none of the emotions were related to that component...” 

Experience Report Negative Aspects - Subject S37. 



 

85 

 

“Some of the items are not specific for the evaluated application, making the 

evaluation evasive” Experience Report Negative Aspects - Subject S10. 

5.2.3 Conclusions from Study 1 

This study showed that REX was effective for identifying UX problems and 

improvement suggestions for mobile applications under development. The quantitative 

results suggest that the techniques (REX or 3E) had an effect over the number of 

identified UX problems while using the same amount of time. Also, REX specific items 

for evaluating the components from mobile applications provided further details on UX 

problems. Furthermore, the results from the TAM questionnaire were a positive 

indicator that REX could be as useful and easy to use as existing UX evaluation 

technologies such as 3E. Additionally, the qualitative results suggest that REX managed 

to meet its requirements, being perceived as a friendly and guiding method for reporting 

experiences. Nevertheless, REX still needs to improve in terms of guidance on how to 

select its items during an evaluation and allowing more freedom to users who want to 

report more features than the one it provides. 

5.3 Study 2 - Evaluation from the Point of View of Software Engineers 

In Study 2, we evaluated the feasibility of REX in the redesign of a mobile application 

from the point of view of software engineers. Therefore, we assessed the usefulness and 

ease of use of applying REX to correct UX problems presented in the ZikaZero app 

based on the suggestions proposed within the complete report created with the REX 

approach (see part of the report in the application example of REX in Table 4-1). 

5.3.1 Method 

At all, 31 students from a local university in the city of Manaus (Brazil) were recruited 

for the study by convenience and due to their knowledge. 16 out of 31 students were 

enrolled in the last semesters of the university in computer science. The rest of the 

students (15 subjects) were practitioners enrolled in a specialization course on software 

engineering, where new technologies for developing software were being introduced. 

Following the procedures from Study 1, all subjects who agreed to participate filled out 

a consent form and a characterization form. Around 50% of the subjects had none or 

low experience in software development, while the rest had at least medium experience 
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(median = 4 years of experience). By having novice and experienced software 

engineers, we wanted to collect feedback from both types of practitioners, aiming at 

supporting the majority of software engineers. 

The redesign process was given as a graded task within the classes of novice 

software engineers and practitioners. In this sense, the subjects were divided into groups 

of three or four members. Each group received the report containing the description of 

problems and improvement suggestions as shown in Table 4-1. Additionally, they 

received a description of the step-by-step process for using the report in the redesign of 

an application, while having lectures explaining each part of the report. Finally, each 

team had to prepare a presentation where they would present the redesigned version of 

the ZikaZero application and which problems they have addressed, how and why. 

To gather data for evaluating the acceptance of REX when employed for 

redesigning an application from the point of view of software engineers, again, we 

applied a questionnaire based on the indicators from the Technology Acceptance Model 

3 (TAM 3). We applied the questionnaire from Study 1 (see Table 5-1) to evaluate 

perceived usefulness, perceived ease of use and intention to use regarding REX, 

however making the following changes: 

1) Replaced the investigated “technology” term with “REX”. 

2) Replaced the process investigated in the questionnaire with “redesign and 

application for improving its UX” with a focus on mobile applications. 

3) Employed the same seven-point scale asking for the degree of agreement with 

the statements from the point of view of software engineers as suggested by 

Venkatesh and Bala (2008). 

4) After the statements within the questionnaire, we included open questions, to 

better understand the features that made the REX report useful (or useless), easy 

(or difficult) to use and suitable (unsuitable) for redesigning an application. 

After each subject had delivered his/her filled questionnaire, we counted the 

degrees of agreement per each of the items from the TAM questionnaire in order to 

provide an overview of the acceptance of the REX and 3E approaches. Additionally, we 

also analyzed the data obtained from the open questions investigating the aspects that 
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affected its usage and acceptance by applying the same qualitative analysis procedures 

as in Study 1. 

5.3.2 Results 

The software engineers were able to apply the suggestions from the REX approach in 

redesigning the ZikaZero application. An example of a redesigned version was shown in 

Figure 4-5, when showing how to use the redesign process of the REX approach. To 

verify if we could analyze the results from the TAM questionnaire regarding the 

perception of the REX approach from both students and software engineers as a single 

sample, we carried out a Mann-Whitney test (as again, the Shapiro-Wilk showed p < 

0,05). The results for each factor (combining the results from each item) (DiStefano et 

al., 2009) showed p > 0,05, indicating that there was no significant difference in the 

students and software engineers’ samples (p = 0,769 for Perceived Usefulness, p = 

0,399 for Perceived Ease of Use and p = 0,984 for Intention to Use). Therefore, we have 

analyzed the combined results for the answers to the TAM questionnaire from software 

engineers and students in their last year of university. Table 5-7 shows the descriptive 

statistics for the Perceived Usefulness statements (PU1 to PU4), Perceived Ease of Use 

statements (PEoU1 to PEoU4) and the Behavioral Intention (BI1 to BI3). The median 

for all statements regarding the usefulness and intention to use was equal or above 5 

(agreement with the statements), which suggests that software engineers thought that the 

report provided by REX was useful and that they would use it if given a chance. 

Nevertheless, the median of the degree of agreement in the perceived ease of use 

statements was lower (5). This suggests that although software engineers thought of the 

report provided by REX as easy to use, improvements should be implemented. 

To better understand the reasons that made the software engineers answer 

positively or negatively towards the use of REX for redesigning an application, we have 

analyzed the answers to the open questions, looking for the justification of their 

answers. Below, we present our results, referring to the users as subjects using the code 

SXX, where XX is the number of the user from 1 to 31. 
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Table 5-7 Median and standard deviation for perceived usefulness, perceived ease 

of use and behavioral intention to use indicators for the REX approach in a UX 

redesign 

 REX 

Item Median Std. Dev. 

Perceived Usefulness 

PU1 – Performance 6 0,96 

PU2 – Productivity 6 0,91 

PU3 – Effectiveness 6 0,93 

PU4 – Useful 6 0,82 

Perceived Ease of Use 

PEoU1 – Clear 5 1,28 

PEoU2 – Mental Effort 5 1,46 

PEoU3 – Easy to use 5 1,29 

PEoU4 – Controllable 5 1,21 

Behavioral Intention to Use 

BI1 - Intention to use 6 1,11 

BI2 - Prediction to use 6 1,19 

BI3 – Usage 6 1,17 

Regarding positive aspects of applying REX for redesigning a mobile 

application, we identified several features. For instance, software engineers indicated 

that the report was very organized, which facilitated understanding where to correct a 

specific problem (see a quote from Subject S04). Another positive aspect was that the 

REX report paired each description of a UX problem with a possible solution (see a 

quote from Subject S10). Software engineers indicated that the report made the redesign 

easier as it allowed finding the problems faster as it highlighted the problems (see a 

quote from Subject S02). Finally, some subjects indicated that the REX report allowed 

users to provide an overall description of features, which made it easier to understand 

the problems and prioritize them (see a quote from Subject S15).  

“It was easy to understand the report as it had topics and subtopics.” Generic 

Positive Aspects - Subject S04. 

“Besides showing the problems, it also presents solutions, which come in handy 

once we need to know what to modify in the user interface.” Generic Positive 

Aspects - Subject S10. 
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“I managed to better understand the report as it highlighted the problems with 

red...” Generic Positive Aspects - Subject S02. 

“The descriptions at the end that were written by the users themselves helped us 

understand the problems and prioritize them” Generic Positive Aspects - 

Subject S15. 

Regarding negative aspects and improvement opportunities for applying REX in 

the redesign of a mobile application, we found out that the report was perceived as 

complex (see a quote from Subject S18). Although we highlighted each component that 

was evaluated and paired it with the identified emotions and problems, we still included 

the information regarding all components on the same page, while still indicating 

features that were not marked by the users. Therefore, some software engineers 

suggested dividing the report into components or aspects (see a quote from Subject S12) 

and removing the aspects that were not indicated by the users during the evaluation (see 

a quote from Subject S14). Some novice software engineers had trouble applying the 

design suggestions that were suggested. The main problem with the redesign 

suggestions is that they offer examples, but the software development team must adapt 

them from scratch into their projects, designing screens for the specific suggestion (see 

a quote from Subject S04). Therefore, we intend to provide further support to redesign 

the application, by providing blank layouts that could be modified by the development 

team to meet their needs. Finally, some software engineers indicated that the report 

became difficult to employ due to the lack of support for finding specific items as there 

were many aspects being evaluated for a component, and that it was difficult to decide 

which problems to correct first (see a quote from Subject S03). Some software 

engineers who experienced this problem suggested providing a way to filter the items 

(see a quote from Subject S02), or ordering the items by the highest percentages of 

occurrences and per component where they occur (see a quote from Subjects S14 and 

S12). 

“I think it is a bit complex because, in order for us to understand, it takes a little 

time.” Generic Negative Aspects - Subject S18. 

“It would be better if it was organized in tables or pages, one per component, 

such as “forms” or something…” Organization Suggestion - Subject S12. 
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“The report is very complete, but it could omit the irrelevant items and 

emotions, those in which 0% of the users marked them.” Organization 

Suggestion - Subject S14. 

“The redesign process was a bit hard in the corrections, as we did not have 

support for developing the mockups.” Redesign Process Negative Aspects - 

Subject S04. 

“It has a lot of sub-items and it makes it difficult to prioritize…” Organization 

Suggestion - Subject S03. 

 “There could be a personalized filter according to the software engineers’ 

needs, filtering by color, and providing charts to see the highest problems…” 

Organization Suggestion - Subject S02. 

“… there could be a new tab, where the report organizes the items according to 

the highest occurrence.” Organization Suggestion - Subject S14. 

“It would be better if it was organized in tables or pages, one per component, 

such as “forms” or something…” Organization Suggestion - Subject S12. 

Finally, we also found out how the software engineers prioritized the correction 

of the identified problems. In this sense, as REX provided the percentage of users who 

indicated an item or a negative emotion, some software engineers used this information 

to indicate which problems to correct first (see a quote from Subject S08).  Among other 

criteria that were employed for selecting which problems to address, some software 

engineers indicated that they also considered correcting an issue first, if it had more 

chance of being experienced by users (when carrying out main tasks in the application) 

(see a quote from Subject S09). Another prioritization strategy was based on the 

criticality and impact of the item (see a quote from Subject S16). Finally, an interesting 

prioritization strategy was based on the experience of the software engineers 

themselves. Some of the subjects indicated that they considered problems with which 

they agreed most, as their experience was the same as the reported by the users (see a 

quote from Subject S10). This strategy is interesting, as the software engineers may be 

creating empathy and relating to the problems that the users experience. 
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“We focused on problems where most users felt confused. When an item had a 

high percentage, we knew that users had trouble understanding of using the 

application.” Prioritization Strategy - Subject S08. 

“We prioritized based on the tasks/parts that were most experienced by the 

users, such as navigating or accessing the main options.” Prioritization Strategy 

- Subject S09. 

“We also considered the ones we thought had the higher relevance and chance 

to impact in the quality of the application.” Prioritization Strategy - Subject S16. 

“I particularly chose the problems that I myself experienced.” Prioritization 

Strategy - Subject S10. 

5.3.3 Conclusions from Study 2 

This study showed that the report provided by REX was useful for the software 

development team when redesigning a mobile application. The results from the TAM 

questionnaire were a positive indicator that REX could be useful and easy to use. 

However, software engineers indicated that they had difficulty in reading the report and 

understanding it as it had too much information. The results show that there is a need 

for better organizing the report results from the REX approach and allowing the filtering 

of UX data to facilitate the redesign process. 

5.4 Discussion and Improvement Opportunities 

As Study 1 showed, REX is effective in identifying more UX problems (considering the 

UX problems identified from the REX specific items) and suggestions while it takes the 

same amount of time as the 3E method. Since REX already has predefined questions 

and answers according to the emotions the user selects, the evaluators do not need to 

spend resources on adapting the evaluation session. Thus, we intend to provide a 

starting point for evaluators to gather UX data in future evaluations. 

Regarding validity issues in Study 1, users’ experience can be a threat if they 

were not part of the target audience of the application. However, only users who used 

mobile phones and were aware of the zika virus were selected to participate in the study. 

Also, we assigned the students to the REX approach and 3E technique guaranteeing that 
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none of the groups had more experienced users than the other in terms of software 

development and usability. 

Another issue regarding the validity of our results in Study 1 is that users did not 

actually experience the final version of the application to indicate the location where the 

mosquito could breed or find information on the Zika virus and how to prevent it. 

However, they did simulate their interaction with the ZikaZero application through a 

navigable PDF created with the Balsamiq Mockups tool. There is a risk of using PDF 

mockups as they may not allow simulating all possible interactions with the application 

under development. Nonetheless, all measures were taken to verify that the available 

screens were sufficient to provide an overall understanding of the interaction flow. 

Additionally, all tasks that needed to be performed were considered within the available 

set of mockups. Therefore, if a user was not able to carry out a task, it meant that the 

application had issues, as it was reported by users. Furthermore, the mockups were 

tested in a pilot study (with two participants outside the study) prior to the execution of 

Study 1, in order to verify if users would be able to use it without the assistance of an 

evaluator. We highlight that the reason for choosing mockups instead of evaluating the 

real application with users was made for three reasons: (a) mockups allow resembling 

the experience of using a real application without having to develop the real application 

for testing (Rivero et al., 2010); (b) carrying evaluations earlier in development is 

needed in order to reduce the costs of correcting identified UX problems (Almahmoud 

et al., 2016); and (c) there is a need for further investigation of the performance of UX 

evaluation technologies in earlier stages of the development process (Bargas-Avila and 

Hornbæk, 2011). Furthermore, if software development teams intend to evaluate future 

prototypes of a mobile application, we suggest that the prototype is understandable and 

navigable on its own in order to avoid the presence of a moderator during the testing of 

the application. That way, users can go back to the prototype during their evaluation 

with REX without requiring assistance.  

Although ZikaZero is a real mobile application under development and is 

representative of informative mobile applications, we cannot generalize our current 

results to all types of applications, as there are many other categories of mobile 

applications (Games, Health, News, others). Nevertheless, the quantitative and 

qualitative data can provide useful information for the applicability of the REX 

approach from the point of view of users, while also suggesting improvement 
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opportunities, which could be later implemented and tested, increasing the external 

validity of the study (Wohlin et al., 2012). 

There can also be a threat considering the process of categorizing the qualitative 

data when analyzing the results from the identified UX problems, suggestions and 

answers from the TAM questionnaire. However, a team of UX experts carried out the 

classification, and they reached a consensus whenever differences were found. 

Additionally, in the analysis of the users’ comments, we used qualitative analysis 

procedures (Glaser and Strauss, 2009) in order to mitigate this threat, given that it 

requires the entire analysis to be grounded in the collected data. Furthermore, the 

analysis process was performed along with another researcher, to encourage a better 

validation of the interpretations through the mutual agreement of the researchers. 

A final limitation in Study 1 could be the instrument and measures applied for 

assessing technology acceptance. However, we believe that applying questionnaires was 

more suitable than applying interviews due to time constraints with carrying out 

interviews with 82 subjects for Study 1 and 31 for Study 2. Furthermore, by evaluating 

the time spent, a number of identified problems, false positives, suggestions, perceived 

usefulness and perceived ease of use, we intended to have an idea of the performance 

and users’ acceptance of the REX approach and identify issues that should be corrected 

to meet their needs. 

Study 2 showed the interest of software engineers in applying REX due to its 

organization and the pairing of UX problems with design suggestions in a single report. 

Although several UX evaluation methods have been proposed, few of them guide 

software engineers in the correction of the identified UX problems (Vermeeren et al., 

2010). In product development, it is important to provide means to software 

development teams in order to improve the quality of the developed applications. By 

providing design suggestions, we aim to support software engineers in improving the 

UX of the developed applications, thus increasing their acceptance in the market. 

One of the limitations of Study 2 was applying the REX report with students in 

their last semester of the university which had no experience in the industry. However, 

only half of the subjects were included in this category (the rest were practitioners 

participating in the course), and according to Carver et al. (2003), students who do not 
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have experience in industry may have similar skills as novice software engineers in the 

industry. Thus, the feedback provided by the subjects was useful for identifying aspects 

that made it difficult to apply the REX report from the point of view of novice software 

engineers, while also considering the opinion of experienced practitioners. Moreover, to 

mitigate the threats regarding the redesign application and its representativeness, the 

subjectivity of the qualitative analysis, and the applied instruments and measures, we 

have proceeded as described in Study 1. 

Based on the qualitative data from both studies, we identified improvement 

opportunities in the REX approach such as: 

1) Allowing explaining the selected emotions with other means when an option is 

not available. 

2) Including an introduction to the REX approach explaining what will be 

evaluated in each stage and how to report an experience. 

3) Dividing the UX report into components to facilitate finding UX problems in a 

specific component of the application. 

4) Providing further explanations on how to apply the design suggestions and 

sketched layouts for software engineers to customize when redesigning an 

application. 

5) Allowing software engineers to filter or order the information they need 

according to the type of problem or percentage of users who indicated them. 

5.5 Improvements in the REX Approach 

The qualitative data from both studies allowed us to identify improvement opportunities 

in the REX approach. These improvements have been implemented to facilitate the 

evaluation process from the point of view of users, while also facilitating the 

understanding of the evaluation report from the point of view of software engineers. 

5.5.1 Improvements in the REX Technique and Evaluation Tool 

The results from the first study suggested that users were confused at the beginning of 

their evaluation and that they did not know how to proceed in order to report their 

experience. To help improve this feature, we have developed a tutorial for the REX 
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evaluation tool. In this tutorial, the user is presented with the necessary information 

about what will be asked along the evaluation and how the evaluation will occur.  

Figure 5-5 shows the main screens of the tutorial. In these screens, the user is 

told that (s)he will be guided through the evaluation process, evaluating specific 

parts/functionalities of the application (see part A). The user is also shown that once 

(s)he indicates that (s)he used a part/functionality of the application, (s)he will see a set 

of emotions and items to report his/her experience (see part B). Finally, the user is also 

told that if (s)he does not find a specific item or emotion for reporting his/her 

experience, (s)he can always report further details through the use of a special option, 

and that help would be available at all times (see part C). 

 

Figure 5-5 The tutorial indicating how the evaluation will occur. 

One of the comments from users was the lack of the REX evaluation tool to 

provide means to report further comments freely. Some users did not know that they 

would have available space at the end of the evaluation session to provide such 

comments. Additionally, other users reported that it would be more useful if they were 

able to indicate if the problem was related to one of the parts/functionalities that were 

being evaluated. To facilitate the feedback giving process, we considered those 

comments and added a “more” button which would lead users to a new screen in which 

they would be able to report further details. Figure 5-6 shows how this new 

functionality would work. As explained in the tutorial (Figure 5-5), if users feel that 

they have something else to report, they can access the more comments screen within 

the REX approach. The extra comments will appear in the report and related to the 
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evaluated aspect. For instance, if the user was evaluating the navigation of the 

application and indicated a new problem, that new problem would be related to the 

navigation of the application, facilitating the understanding of the problem by the 

development team. 

 

Figure 5-6 The new option for allowing users to report further problems and 

suggestions. 

5.5.2 The REX Report Generator Tool 

In the initial version of the REX approach, the report was provided through a 

spreadsheet, in which the data was aggregated and paired according to the evaluated 

aspects and emotions. However, software engineers reported difficulties in 

understanding the report and its organization through this initial template. To improve 

the usefulness of the report generated through REX, we developed a new tool called 

REX Report Generator, which creates complete UX evaluation reports of a mobile 

application, aggregating the individual reports of users. 
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The tool was developed as a desktop application to facilitate its use. Figure 5-7 

shows screens of the initial steps of generating a report using the REX Report 

Generator. To create a report, the tool presents a brief explanation. Then, the evaluation 

moderator (i.e., the person responsible for handling the UX evaluation data) can choose 

between exporting a report to a PDF file or viewing the evaluation results in the tool 

itself. To indicate which UX data will appear in the report, the moderator has to select 

the individual files that each user generated after his/her UX assessment using REX. 

 

Figure 5-7 Process for generating a complete UX evaluation report using the REX 

Report Generator 

5.5.3 The Updated Architecture and Application Process 

Figure 5-8 shows the architecture from the REX approach in its second version, 

considering the technique, its evaluation tool, and its report generator tool. In this 

figure, the REX technique is composed of questions, emotional responses, and items. 

These are incorporated into the tool, which automates them through the moderator 

avatar and guides the user through the evaluation. Based on the individual evaluations, a 
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technical report to support the redesign process can be created using the REX report 

generator. The procedure for carrying out an evaluation remains the same. However, the 

redesign support using the REX approach will be explained below. 

 

Figure 5-8 The architecture from the REX approach v2 

To show an example of how the individual reports are condensed into a single 

complete redesigning report using the REX Report Generator, we have evaluated a 

mobile application called SIGNAL, which stands for System for Intelligent enGagement 

aNALysis in digital education contexts. SIGNAL is a teaching-learning application 

meant for helping the teacher to compose, run and evaluate a class, beyond verifying the 

students’ performance with learning assessments using questionnaires with help on 

demand. The application tracks the students’ interaction with the learning material in 

class and gathers data regarding if they are paying attention, if they are able to 

understand the didactic content, or if they are carrying out other activities with their 

mobile device. Figure 5-9 and Figure 5-10 show one of the screens of the SIGNAL 

application and part of the UX report (regarding the evaluation of that part of the 

application) being viewed in the REX Report Generator tool, respectively. In the report, 

we show: (1) the list of emotions that the users felt regarding this component, (2) the list 

of UX problems faced by the users when using this component, and (3) the suggestions 

provided based on the design suggestions or by the users themselves. 

Regarding answering a questionnaire about a class topic using SIGNAL (see 

Figure 5-9), the report suggests that some users felt confused and trapped, while others 

felt satisfied. The explanations for the negative emotions are provided in the reported 

UX problems. These problems are organized based on the number of users who pointed 

them (from higher to lower). In our example, most users indicated that they did not 
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know if they had successfully performed the task of answering the questionnaire. This 

happened because when they clicked the “Answer” button (see Figure 5-9) the interface 

remained the same and they had to click on the other questions to continue answering 

the questionnaire. However, whenever the student clicked in a previously answered 

question, the interface showed the question without showing the marked answers. This 

confused students, making them answer the same questions over and over. 

To support software engineers in correcting each of the identified UX problems, 

the development team can view suggestions within the REX report by clicking the 

“Suggestion” button next to the definition of a problem. For instance, regarding the UX 

problem of not knowing whether they had answered the questionnaire, a possible 

solution could be to provide a message that the answer has been saved, or update the 

interface, showing the next question, and keeping track of the user’s answers whenever 

(s)he goes back to a previously answered question. We highlight that the report can 

contain further problems and improvement suggestions proposed by the users 

themselves during the overall emotional evaluation, besides the specific items from the 

REX approach. This is to ensure that no feedback is lost during the evaluation process. 

 

Figure 5-9 Screen from an evaluated application 
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Figure 5-10 The new version of the REX UX report containing problems and 

improvement suggestions 

Considering the evaluation and redesigned process described above, Figure 5-11 

shows an activity diagram of the evaluation and redesign process of the REX approach 

in its second version, considering: (a) the moderator, which can be a member team 

deciding what to correct in the application; (b) the evaluator, which can be a user testing 

the application;  (c) the REX evaluation tool, which automates the guiding process of 

the REX technique; and (d) the REX report generator tool, which automates the process 

of merging the individual evaluation reports and analyzing which problems should be 

corrected and how. The differences between this process and the original process are 

highlighted in blue in Figure 5-11. 

 



 

101 

 

 

Figure 5-11 The evaluation and redesign process from the REX approach v2 

 



 

102 

 

5.6 Summary 

In this chapter, the two studies demonstrated the use of the REX approach from the 

point of view of users and software engineers. The approach was employed for 

reporting experiences and the negative aspects that impacted them when using a mobile 

application called ZikaZero (Study 1) and redesigning that application based on the 

collected feedback (Study 2). As these studies were independent, the subjects who 

participated in the evaluation were not the same as the ones participating in the 

redesign. In that context, the results from applying a TAM questionnaire suggested that 

REX was perceived as useful and easy to use (from the point of view of users in Study 1 

and from the point of view of software engineers in Study 2). 

Given that each qualitative study provides evidence and hypotheses that can be 

later tested using quantitative methods, we have evaluated how including the 

improvement opportunities identified in these studies facilitated the application process 

of the REX approach from the point of view of users and software engineers. Thus, this 

chapter reports the first experiences using the REX approach to identify UX problems 

and support the redesign of an application based on the identified UX data. REX guides 

users through the evaluation process, and it produces better results than other forms in 

terms of UX aspects and improvement suggestions. Although the required time to be 

applied is the same as techniques such as 3E, REX is perceived as easier to use, while 

users indicate that it is fun, engaging, and interactive, which is difficult to achieve with 

static questionnaires. Additionally, the design suggestions embedded into the technique 

for each UX problem can guide software engineers through the redesign of the 

application. REX therefore, could support the UX evaluation and redesign of mobile 

applications, as it can provide quantitative and qualitative data in a structured way, 

providing suggestions to the development team to handle such data. 

Also, we showed how we made improvements in the REX approach and created 

a new tool for software engineers to view the report. The proposed changes were 

implemented following the suggestions from the previously executed feasibility studies. 

By making the above changes, we intend to improve the usefulness of the REX 

approach from the point of view of users and software engineers. 
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In the following chapter, we present the planning and execution of an 

observational study that aimed at investigating the use of the REX approach in a real 

software development project. In such study, the new version of the REX approach and 

the REX Report Generator tool have been employed to gather UX data and provide 

improvement suggestions. 
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6 An Observational Study of REX 

This chapter presents how we carried out an observational study 

to verify to which extent the REX approach could be applied in a 

real software development project. REX was employed by users 

to evaluate a mobile educational application, and a discussion 

meeting was held with the software development team to discuss 

the improvement suggestions provided by REX to support the 

redesign process. This chapter presents the findings from the 

observational study, where users indicated their satisfaction with 

the REX approach, while the members of the development team 

agreed with the usefulness of the REX report and its improvement 

suggestions. 

6.1 Introduction 

The development of the SIGNAL application (see Subsection 5.5.2) was requested as 

part of a research project that was financially supported by a multinational company. To 

improve the quality of the application, its development team requested a UX evaluation 

for identifying UX problems and improvements. Thus, we saw an opportunity to 

evaluate the REX approach in a real development project. As a result, we carried out an 

observational study to evaluate the acceptance and performance of the REX approach 

for: (a) identifying UX problems from the point of view of users, and (b) reporting UX 

problems and suggest solutions from the point of view of software engineers. 

The remainder of this chapter is organized into three more sections. In Section 

6.2, we present the planning and execution of the study. Then, in Section 6.3, we 

describe the quantitative and qualitative analysis of the results. Finally, Section 6.4 

discusses our findings and concludes this chapter. 
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6.2 Planning and Execution 

6.2.1 Gathering Data from the Point of View of Users 

In order to gather information on the users’ perception of the REX approach for 

reporting their experience, we carried out a UX evaluation of the SIGNAL application 

in class. Consequently, both students and teachers were part of the target audience of the 

SIGNAL application. Since only the student environment of the SIGNAL application 

was ready for testing, we carried out the evaluation with students. At all, 17 students 

from a local university in the city of Manaus (Brazil) were recruited for the study. The 

students were enrolled in a class on advanced topics in software engineering, which 

included topics on software quality and emerging software engineering methodologies. 

Before the study, all subjects who agreed to participate filled out a consent form and a 

characterization form. The consent form requested the participants’ agreement in 

participating in the study and explained the main activities of the study and the 

confidentiality of the results. Additionally, the characterization form aimed at 

determining the users’ profile. 

To carry out the first part of the study, we followed the procedures shown in 

Figure 6-1. Before the study, we prepared the necessary materials to lecture a class on 

software quality using the SIGNAL mobile application. Then, in the participation day, 

the students entered a classroom where a teacher greeted them and explained the 

purpose of the SIGNAL mobile application. Each subject received a tablet with the 

running SIGNAL application containing all class topics and activities. The main topic 

of the class was usability evaluation, focusing on specific concepts, examples of 

evaluation methods and in which contexts they were suitable. To avoid distracting users 

during their experiencing of the SIGNAL application, we did not use a projector or 

printed material. Thus, the teacher would also use a tablet to guide users throughout the 

class. Additionally, all materials and presentations were downloaded into the tablet and 

viewed with the SIGNAL application. At all, the students performed four tasks in the 

one-hour duration class: (i) view a power point presentation, (ii) view a video, (iii) view 

and carry out an assignment, and (iv) answer a questionnaire about the lectured topics. 

After interacting with the application, the subjects closed the SIGNAL app and opened 

the REX evaluation tool to start the UX evaluation. During the UX evaluation, the 
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moderator and two assistants were responsible for counting the time spent per user to 

finish reporting his/her experience. 

 

Figure 6-1 Steps for gathering data on the perception of the REX approach for 

carrying out a UX evaluation 

After delivering their evaluation reports, the students were asked to fill in a post-

study questionnaire to gather data regarding their acceptance of the REX approach. The 

questionnaire was the same applied in the feasibility study of the REX approach and 

was based on the indicators from TAM 3 (Venkatesh and Bala, 2008).  

6.2.2 Gathering Data from the Point of View of the Development Team 

After we identified the UX problems and gathered data on the users’ perception of the 

REX approach, we scheduled a meeting with the SIGNAL development team to show 

the obtained results. Also, at this meeting, we gathered information on the applicability 

of the REX report to support the redesign of an application in a real software 

development project. The SIGNAL development team had 8 team members, including 

developers, analysts, and educators who acted as consultants. 

Figure 6-2 shows the procedures we followed in the second part of the study, 

where we gathered data from the point of view of software engineers. At all, 5 out of the 

8 team members participated in the meeting. The other team members did not attend the 

meeting due to schedule problems. All subjects who agreed to participate filled out a 

consent form and a characterization form. Almost all subjects had more than 3 years of 

experience in software development or coordinating activities in a software 

development project. Only one of the education consultants had less than a year of 

experience since this was one of the first projects in which (s)he participated. 
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Figure 6-2 Steps for gathering data on the perception of the REX approach for 

providing a UX report with suggestions 

We used the REX Report Generator (see Subsection 5.5.2) to create a complete 

report of the evaluations held during the software quality class. After that, we presented 

each member of the development team with the printed version of the report and 

provided a projector with the dynamic version of the report to be viewed in the desktop 

tool. After introducing the report and explaining how it worked, we invited the team 

leader to lead the meeting and review the identified emotions and UX problems with the 

rest of the development team. During the meeting, the development team had to 

discriminate the identified problems, indicating whether they were: (a) not a problem, 

(b) a problem with low correction priority, and (c) a problem with high correction 

priority. The purpose of carrying out that categorization was to encourage the 

development to discuss the report and think of the results obtained through the use of 

the REX approach. The meeting lasted for one hour and thirty minutes. We highlight, 

that the development team did not redesign the SIGNAL application, but analyzed the 

reported UX problems and suggestions to discuss what should be changed. 
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After the discussion, to gather data for evaluating the acceptance of REX from 

the point of view of software engineers, again, we applied a questionnaire based on the 

indicators from the Technology Acceptance Model 3 (TAM 3). In the following 

subsection, we present the results from this study evaluating REX from the point of 

view of users and software engineers. 

6.3 Results  

6.3.1 Quantitative Analysis 

We used the results from the discrimination meeting to analyze the performance of the 

REX approach. Thus, we counted the number of real UX problems and false positives 

that the users reported. Also, we analyzed the time spent by users to carry out a UX 

evaluation using REX. At all, with the participation of 17 users of the SIGNAL 

application, we managed to identify a total of 27 different UX problems (see examples 

in Subsection 5.5.2), each of them paired with a suggestion (either automatically 

generated by the REX approach or suggested by the users). The results shown in Table 

6-1 suggest that REX does not take long time to be applied (in most cases, less than 30 

minutes), but it assists users in reporting several UX problems and few or no false 

positives. 

Table 6-1 Individual and overall quantitative results on time spent, total identified 

problems and false positives from users applying the REX approach 
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After the subjects (users and members from the SIGNAL development team) 

had delivered their TAM-based questionnaires, we counted the degrees of agreement 

with each of the TAM items in order to provide an overview of the acceptance of the 

REX approach. Table 6-2 and Table 6-3 show the TAM results, which suggest that both 

users and software engineers considered that the REX approach is useful, easy to use 

and they would use it for finding UX problems and suggestions in mobile applications. 

6.3.2 Qualitative Analysis 

We analyzed the data obtained from the open questions in the post-study questionnaire 

to investigate the aspects that affected the usage and acceptance of the REX approach. 

To perform this analysis, we applied the same qualitative analysis procedures in 

Sections 5.2 and 5.3 (Glaser and Strauss, 2009), creating codes related to the citations 

within the questionnaires. After that, we created the relationship codes. We managed to 

identify codes related to the difficulties and facilitators of the REX approach; the 

reasons that would make users or software engineers use it again for performing a UX 

evaluation or identify problems and improvement suggestions; and the aspects that 

could be modified to improve its acceptance. 

Table 6-2 Individual results, median and standard deviation for perceived 

usefulness, perceived ease of use and behavioral intention to use indicators for the 

REX approach from the point of view of users 

 
U

0
1
 

U
0
2
 

U
0
3
 

U
0
4
 

U
0
5
 

U
0
6
 

U
0
7
 

U
0
8
 

U
0
9
 

U
1
0
 

U
1
1
 

U
1
2
 

U
1
3
 

U
1
4
 

U
1
5
 

U
1
6
 

U
1
7
 

M
ed

ia
n

 

S
td

. 
D

ev
. 

PU1 5 4 7 5 4 6 6 5 6 7 6 7 5 6 7 6 7 6 1,0 

PU2 5 2 7 6 7 6 5 5 7 6 6 6 4 6 7 5 6 6 1,3 

PU3 6 1 3 5 7 6 3 3 7 3 5 5 5 3 7 7 5 5 1,8 

PU4 6 5 5 5 7 7 6 4 7 6 7 6 6 7 7 5 7 6 1,0 

PEoU1 7 1 7 7 7 5 7 7 6 7 7 7 7 6 7 5 7 7 1,5 

PEoU2 7 5 7 7 7 5 7 7 6 7 6 7 7 6 7 6 6 7 0,7 

PEoU3 7 5 7 7 7 6 7 7 6 7 7 7 7 6 7 6 6 7 0,6 

PEoU4 7 4 5 6 7 5 7 7 6 7 7 7 7 6 7 7 6 7 0,9 

BI1 5 1 7 6 7 5 7 5 7 6 6 5 4 4 7 6 6 6 1,5 

BI2 5 1 7 6 7 3 7 5 7 6 6 5 4 5 7 6 6 6 1,6 

BI3 5 1 6 4 7 2 4 5 7 5 5 6 4 3 7 4 4 5 1,7 



 

110 

 

Table 6-3 Individual results, median and standard deviation for perceived 

usefulness, perceived ease of use and behavioral intention to use indicators for the 

REX approach from the point of view of the development team 

 TM01 TM02 TM03 TM04 TM05 Median Std. Dev. 

PU1 6 6 7 7 6 6 0,5 

PU2 6 6 7 6 6 6 0,4 

PU3 7 6 7 7 7 7 0,4 

PU4 7 7 7 7 7 7 0,0 

PEoU1 7 5 7 5 5 5 1,1 

PEoU2 7 6 6 6 5 6 0,7 

PEoU3 7 5 7 5 6 6 1,0 

PEoU4 7 7 7 7 7 7 0,0 

BI1 7 7 6 7 6 7 0,5 

BI2 7 7 7 7 6 7 0,4 

BI3 7 6 7 7 6 7 0,5 

Below, we present our results from the point of view of users and software 

engineers. We refer to (a) the users through the code UXX, where XX is the number of 

the user who participated in the UX evaluation from 1 to 17; and (b) the software 

engineers using the code TMX, where X is the number of the team member who 

participated in the discrimination meeting from 1 to 5. 

Overall, the qualitative results from the point of view of users showed that they 

were satisfied using REX and that the goals of providing an easy to use, guiding and 

appealing evaluation method were met (see quote from Subjects U08, U09 and U11). 

Despite the positive feedback, the users faced some difficulties and suggested 

improvement opportunities. For instance, some users felt that some items for reporting 

their experience were missing (see quote from Subject U03). Although REX provides 

means to report aspects that were not considered in the initial set of items, these aspects 

could be refined in each application of the REX approach in order to complement the 

original set. Additionally, some users reported that they wanted to have more powerful 

tools to report complex experiences. For instance, one subject indicated that (s)he felt 

both positive and negative emotions towards the application and that (s)he could not 

indicate that in REX (see quote from Subject U09). Although REX provides means to 

report multiple emotions, if the user wants to report multiple features that impacted 

his/her experience, (s)he must do it in the same space. This could be modified to 
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provide further details on which aspects were positive and which were negative. 

Another aspect that confused the users was the need for a tutorial in the app. Since the 

original question was not straight forward (i.e., “How was your first contact with the 

app”), some users felt confused whether they were evaluating the tutorial or the 

capability of understanding the application without it. As a result, since the SIGNAL 

application did not have a tutorial, some users reported having described the same 

problems in different parts of the evaluation (see quote from Subject U16). Finally, 

although subject U02 disagreed with most TAM statements, he did not provide 

information on the aspects that affected his answers. 

“Besides having a nice interface, the method was easy to understand, which 

didn’t demand much time.” - User 08 on Positive Aspects 

“It explains what needs to be done in every stage.” - User 09 on Positive 

Aspects 

“The friendly interface, the color and the way in which it is presented, through a 

person, made me feel at ease.” - User 11 on Positive Aspects 

“I felt that there were some missing options in order for me to report ‘why’ I 

had chosen an emotion.” – User 03 on Problems 

“Trying to explain contradictory emotions, such as liking the system at a whole, 

but not liking a specific functionality.” – User 09 on Problems 

“I just felt a bit confused on what was being evaluated in the beginning” – User 

16 on Problems 

The users also had some suggestions in order to improve future evaluations 

using REX. For instance, the users wanted to report further emotions, whenever they 

described an aspect that affected their experience that was not considered in the original 

set of items (see a quote from Subject U04). Also, they suggested providing parts of the 

application inside REX in order to mark the exact location of a problem (see a quote 

from Subject U01). Finally, some users indicated that it could be useful to know how 

much of the evaluation had been performed (see a quote from Subject U05). These 

suggestions can be taken into consideration in future versions of the REX approach.  
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“Allowing including further options and emotions at the end…” – User 04 on 

Suggestions 

“I would allow the evaluators to provide part of the evaluated application. This 

would help, as we would be able to report further problems.” – User 01 on 

Suggestions 

“Maybe provide a status of the progress of using the method.” –  User 05 on 

Suggestions 

Regarding positive aspects of the REX report for supporting the understanding 

of UX problems and suggesting improvements in an application, we identified several 

features. For instance, software engineers indicated that the report was very organized, 

facilitating its understanding (see a quote from Subject TM5 below). Another positive 

aspect was that the REX report provided suggestions for each identified problem and 

that it could be useful for improving the quality of the application (see quotes from 

Subjects TM4 and TM3). Finally, one interesting aspect of the report is that some of the 

suggestions would encourage the development team to discuss different aspects of the 

application that were not considered before (see quote from Subject TM2). We noticed 

such flow of ideas during our observation of the discrimination meeting. For instance, 

when discussing problems regarding the login of the app, one user indicated in the REX 

report that (s)he did not know if (s)he had performed well, as (s)he clicked the “login” 

button by mistake without entering his/her name. The development team indicated that 

this would not be a problem, as there were only 17 students in the class and they would 

know who the student was. However, as the discussion continued, the development 

team started thinking of the necessity of different registration alternatives, especially if 

the number of students increased, as well as the number of classes. This discussion 

made the development team focus on other login aspects and how these aspects would 

affect the use of the application.  

“The report is divided into topics, which makes it easier to understand the flow 

of problems.” - Team Member 5 

 “The suggestions, even those proposed by the users, were clear and objective.” 

- Team Member 4 
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“It is useful for turning the application more appealing and motivating.” - Team 

Member 3 

 “Some suggestions brought opportunities to explore features that we have not 

even thought about. Even things that the evaluator had not even thought about.” 

- Team Member 2 

Regarding negative aspects and improvement opportunities for applying the 

REX report, we found out that the main problems were regarding its repetitive items or 

items that were not clear enough to identify the exact part of the interface that should be 

modified (see a quote from Subjects TM2 and TM4). Although the REX Report 

Generator removes duplicated answers for the items that were marked by more than one 

user, it does not combine or analyses the answers provided by the users with their own 

words. That caused the report to list problems or suggestions that were provided by 

more than one user, and even allowed that the users provided vague opinions. In order 

to improve the quality of the report, the software engineers suggested combining the 

open answers of the users or carrying out an analysis prior to the meeting to avoid 

wasting time in verifying if a problem or suggestion was already reported (see quotes 

from Subjects TM2 and TM4). Regarding the details of the reported problems, the 

development team suggested asking the user to provide information on where to find the 

problem (see a quote from Subject TM1). This could be implemented in the REX 

approach by tracking whenever the user refers to an interface element (e.g., buttons, 

labels, input fields, others) and asking the user to provide more details on such element. 

Finally, the team members suggested providing further graphs to understand the data 

better (see a quote from Subject TM1). Although the REX approach provides 

quantitative data on the number of subjects who indicated a UX problem and the 

number of felt emotions, we could provide a comparison of such quantitative data 

according to the mobile application components that were evaluated. The problems and 

suggestions described above are being analyzed to improve the support provided by 

REX when understanding UX problems and improvement suggestions. 

“Some problems were not properly detailed.” - Team Member 2 on Difficulties 

“Some of the items were repetitive.” - Team Member 4 on Difficulties 



 

114 

 

 “As the moderator knows who provided the suggestions, (s)he could rewrite 

them or at least make sure that they are clear for the development team. It could 

also be done if the moderator and the development team discussed the problems 

and suggestions and verify if they are clear and well written.” - Team Member 2 

on Suggestions 

“It would be better if the report could combine errors that were pointed by more 

than one user.” - Team Member 4 on Suggestion 

“The report could be more precise. For instance, when the user starts talking 

about a ‘button,' it could ask the user: ‘which button’, so the development team 

could know exactly where to correct the problem, instead of trying to guess the 

location.” - Team Member 1 on Suggestions 

“It could show statistics, with graphics, not only counting the number of users.” 

- Team Member 1 on Suggestions 

Finally, we also gathered information regarding the rationale behind the 

prioritization of the correction of the identified UX problems. The development team 

had to categorize the reported UX problems into: (a) no problem, (b) low priority, and 

(c) a high priority. In this sense, when reaching a consensus considering the different 

opinions among the team, some of the criteria for classifying a problem were: (i) the 

priority of fixing that problem to allow the use of the application (see quote from 

Subject TM1); (ii) the degree of impact in the UX (see quote from Subject TM2); and 

(iii) the relevance of fixing the problem in order to achieve the goals when using the 

application (see quote from Subject TM5). These strategies suggest, that although 

achieving tasks with success with the application, the development team is also 

interested in increasing its ease of use and improve the emotional response of using 

SIGNAL. During the meeting, we observed that the development team wanted the 

application to provide a positive UX in order to encourage and motivate users during 

classes in order to improve their learning of the class topics. 

“We classified the problems according to their degree of priority, in which the 

most important were the ones that were indispensable for the use of the 

application” - Team Member 1 
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 “We classified the problems according to their negative impact for the 

application, aiming at providing a better experience for the user” - Team 

Member 2 

“We related the problems to the relevance of the results of the application” - 

Team Member 5 

6.4 Summary 

This chapter reported the use of the REX approach in the context of a real mobile 

application under development. The observational study in the evaluation of the 

SIGNAL application provides examples of how to apply the REX approach for both 

identifying UX problems and using its automated generated report to verify 

improvement opportunities.  

After applying REX for reporting experiences and analyzing its generated report, 

the results from applying the TAM-based questionnaire suggested that REX was 

perceived as useful and easy to use from the point of view of users and software 

engineers. REX is effective for allowing the report of UX problems, emotional 

responses and suggestions, when compared to other approaches in similar contexts 

(Rivero and Conte, 2015). Also, it only requires short evaluation sessions (with an 

average time of 15 minutes). Additionally, the automatically generated REX report 

allows software engineers to easily identify the emotions felt by users, the problems 

they faced when using the mobile application, and what could be done to improve the 

experience of using it. Finally, the discussions held when analyzing the reported 

problems could be a basis for generating new ideas in order to include further features 

in the developed application that could improve its quality. 

Regarding validity issues in our study, the reported users’ experience can be a 

threat if the subjects were not part of the target audience of the application. In our study, 

only students from class were selected to participate in the UX evaluation of the 

SIGNAL application. Another issue could be the context in which the application was 

used. However, the users performed several activities in the context of a real class on 

software quality, and they only used tablets to avoid their distraction with other class 

materials (e.g., projector, board, others). Also, the data collection on the applicability of 

the REX report in a real software development project was performed with a software 
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development team, whose members had more than 3 years of experience, indicating the 

needs from practitioners working in the software development industry. 

The applied instruments and measures for assessing technology acceptance 

could be a threat to the validity of our results. However, we believe that applying 

questionnaires was more suitable than applying interviews due to time constraints with 

the students and the development team. Furthermore, by evaluating the time spent, a 

number of identified problems, false positives, suggestions, perceived usefulness and 

perceived ease of use, we intended to have an idea of the performance and acceptance of 

the REX approach, while identifying issues that should be corrected to meet future 

needs. Furthermore, regarding the subjectivity of the data classification as a threat to the 

validity of our results in the qualitative analysis, we used qualitative analysis procedures 

(Glaser and Strauss, 2009) in order to mitigate this threat, given that it requires the 

entire analysis to be grounded in the data collected. 

Finally, one last limitation could be the representativeness of the SIGNAL 

application with respect to other mobile applications. Although SIGNAL is a real 

educational mobile application under development, as there are many other categories 

of mobile applications (Games, Health, News, others), we cannot state that our results 

apply to all types. Nevertheless, the quantitative and qualitative data can provide useful 

information for the applicability of the REX approach from the point of view of users, 

while also suggesting improvement opportunities to software engineers. 

Based on the qualitative data from the observational study, we identified 

improvement opportunities in the REX approach such as: 

• Providing means for users to view, select or indicate in which part of the 

application the problem occurred (specifically, which interface elements) 

• Allowing users to report further emotions and aspects that impacted them. We 

intend to increase the set of original items from the REX approach based on the 

results from its application in different contexts, thus making the approach more 

complete. 

• Provide further feedback to the user on what is being evaluated and how much 

of the evaluation is left. 
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• Allowing for reporting contradicting emotional responses and better visualizing 

such information in the report, to allow software engineers to better understand 

the results. 

• Avoid listing duplicated reported UX problems within the report, by combining 

descriptions dealing with the same interface element and/or related to the same 

aspect. 

• Providing further statistics and graphs within the report, to facilitate its analysis.  

The REX approach achieved a positive acceptance rate from both users and 

software engineers. Also, during the discrimination meeting, the development team 

showed interest in continuing applying REX for evaluating the SIGNAL application 

after correcting the currently identified problems. As future work, we intend to evaluate 

how including the improvement opportunities identified in this study can facilitate the 

application process of the REX approach from the point of view of users and software 

engineers. In the following chapter, we discuss the results of this doctoral dissertation 

and future work. 
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7 Conclusions and Future Work 

This chapter presents our final remarks on our proposal, the REX 

approach, a UX evaluation method and a set o tools capable of 

providing improvement suggestions on mobile applications. The 

future perspectives for this work are provided, guiding the next 

stages of this research in the field of software quality in terms of 

UX.  

7.1 Epilogue 

This doctoral dissertation presented research on mobile applications’ quality in terms of 

user experience. In this research, we have adopted components from mobile 

applications, design suggestions, and emotional responses to guide the UX evaluation 

process and the suggestion of improvements, yielding the development of the 

Redesigning for EXperience method and evaluation tool, and the REX Report Generator 

tool support. 

For the initial proposal, evaluation, and evolution of the REX approach, this 

research adopted a research methodology based on empirical studies. The REX 

approach was proposed based on the results from a systematic mapping extension and 

the results from two initial exploratory studies. Through this studies, we managed to 

identify four main features that should be present in future technologies for the UX 

evaluation of mobile applications: (FI) to facilitate feedback giving, (FII) to reduce the 

influence of a moderator, (FIII) to make the evaluation pleasant, and (FIV) to provide 

suggestions to solve the identified problems. 

By integrating the above features into a single approach, the Redesigning for 

EXperience proposal was developed. REX is an approach that aims to support users and 

software engineers in the UX evaluation and redesign of mobile applications. After 

trying to motivate and guide users during the reporting of their experiences, REX 

provides suggestions for software engineers to deal with the identified UX problems. 
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Up to the moment of writing this dissertation, the REX approach and its tool 

support have been evaluated through two major studies analyzing the opinion of both 

users and software engineers. The first study evaluated the acceptance and performance 

of the REX approach when compared to another UX evaluation technique (3E). REX 

managed to identify more specific and generic problems than the other approach while 

demanding the same amount of time. Additionally, the results from the TAM 

questionnaire suggested that REX was perceived as useful and easy to use to report an 

experience. Software engineers also suggested that the results from a UX evaluation 

using REX could be useful for guiding the redesign of the application based on the 

suggestions provided within the REX report. Finally, the results from applying REX in 

the context of a real software development project corroborated the results from the first 

empirical study, suggesting the acceptance of the REX approach and its usefulness for 

guiding users and software engineers in the evaluation and improvement of the 

application, respectively. 

7.2 Contributions 

The main contributions from this doctoral dissertation are: 

• Secondary studies in the field of User eXperience evaluation, aiming at 

identifying the current state of the art with respect to UX evaluation 

methodologies. We carried out an analysis of the results from the literature 

review by Vermeeren et al. (2010) and a Systematic Mapping Study to 

characterize UX evaluation methods, which implied in: 

o The establishment of a body of knowledge on UX evaluation methods, 

which was used in this research. 

o The proposal of a set of features to be included in future proposals of UX 

evaluation methods to meet the needs of the software industry when 

evaluating mobile applications. 

• The development of technologies for the UX evaluation of mobile applications 

and the suggestion of improvements based on the identified problems, which 

implied in: 

o The creation of a UX evaluation technique called REX that is specific for 

mobile applications, which is embedded into a mobile application (UX 

evaluation tool) generating individual UX evaluation reports. 
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o The development of a Desktop tool called REX Report Generator that 

allows generating complete UX evaluation reports and allows the 

visualization of the UX data and suggestions for improvement. 

• Definition of empirical studies to evaluate the proposed technologies, which 

allowed: 

o The evaluation and evolution of the REX approach from the point of 

view of users and software engineers. 

• Dissemination of the results of this research. During the development of this 

research, several research papers related to the results of this research or 

research collaborations have been published or been submitted to publication 

venues. Here we provide a list of the publications from this research or 

collaborations: 

Research Papers from this Research 

o Rivero, L. and Conte, T. (2017). Redesigning for Experience: An 

Approach for Guiding Users and Software Engineers in the Evaluation 

and Redesign of Mobile Apps. In Interacting with Computers Journal. 

(Submitted for Evaluation) 

o Rivero, L. and Conte, T. (2017). How to Evaluate User eXperience in 

Software Development: A Systematic Mapping Study. In International 

Journal of Human-Computer Studies. (Submitted for Evaluation)  

o Rivero, L. and Conte, T. (2017). Evaluating the REX Approach for the 

Identification of UX Problems and Solutions in Mobile Apps: A Case 

Study. In XXXI Brazilian Symposium on Software Engineering. 

(Submitted for Evaluation)  

o Rivero, L. and Conte, T. (2016). How Novice Software Engineers Apply 

User Interface Design Suggestions: An Empirical Study. In 28th 

International Conference on Software Engineering & Knowledge 

Engineering (SEKE 2016), 600-604.  

o Rivero, L. and Conte, T. (2015). Using a Study to Assess User 

eXperience Evaluation Methods from the Point of View of Users. In: 

International Conference on Enterprise Information Systems (ICEIS), 88-

95. 



 

121 

 

 

 

 

Research Papers from Research Collaborations 

o Ferreira, B., Rivero, L., Valentim, N., Zilse, R., Koster, A., and Conte, T. 

(2016). Evaluation of UX Methods: Lessons Learned When Evaluating a 

Multi-user Mobile Application. In International Conference on Human-

Computer Interaction, 279-290. 

o Nascimento, I., Silva, W., Lopes, A., Rivero, L., Gadelha, B., Oliveira, 

E. and Conte, T. (2016). An Empirical Study to Evaluate the Feasibility 

of a UX and Usability Inspection Technique for Mobile Applications. In 

28th International Conference on Software Engineering & Knowledge 

Engineering (SEKE 2016), 595-599. 

o Cavalcante, E., Rivero, L. and Conte, T. (2015). MAX: A Method for 

Evaluating the Post-use User eXperience through Cards and a Board. In 

Proceedings of the 27th International Conference on Software 

Engineering and Knowledge Engineering, 495-500. 

o Cavalcante, E., Rivero, L. and Conte, T. (2015). Evaluating the 

Feasibility of MAX: A Method Using Cards and a Board for Assessing 

the Post-Use UX. International Journal of Software Engineering and 

Knowledge Engineering, 25(10), 1759-1764. 

o Estacio, B., Valentim, N., Rivero, L., Conte, T. and Prikladnicki, R. 

(2015). Evaluating the Use of Pair Programming and Coding Dojo in 

Teaching Mockups Development: An Empirical Study. In: 48th Hawaii 

International Conference on System Sciences (HICSS 2015), 5084-5093. 

o Rivero, L., Vincenzi, A., Maldonado, J., Conte, T. (2015). Evaluating 

Software Engineers’ Acceptance of a Technique and Tool for Web 

Usability Inspection. In: 27th International Conference on Software 

Engineering and Knowledge Engineering (SEKE 2015), 140-145. 

o Ferreira, B., Rivero, L., Lopes, A., Marques, A. and Conte, T. (2014). 

Apoiando o Ensino de Qualidade de Software: Um Serious Game para o 

Ensino de Usabilidade. In: Congresso Brasileiro de Software: Teoria e 

Prática - VII Fórum de Educação em Engenharia de Software, 12-21.  
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o Ferreira, B., Rivero, L., Lopes, A., Marques, A., and Conte, T. (2014). 

UsabiliCity: Um Jogo de Apoio ao Ensino de Propriedades de 

Usabilidade de Software Através de Analogias. In: Simpósio Brasileiro 

de Informática na Educação (SBIE 2014), 1273-1282. 

o Kawakami, G., Rivero, L. and Conte, T. (2014). Identificando 

Oportunidades de Melhoria em Tecnologias de Inspeção de Usabilidade 

para o Contexto Web Móvel através de Estudos Experimentais. In: 11th 

Workshop en Ingeniería del Software Experimental (ESELAW 2014), 

336-349.  

o Rivero, L. and Conte, T. (2014). Web DUE: Uma Técnica de Inspeção 

de Usabilidade de Mockups de Aplicações Web Guiada Por Zonas 

Próprias de Páginas Web. In: XIII Simpósio Brasileiro de Qualidade de 

Software, Concurso de Dissertações e Teses, 325-339. 

o Rivero, L.; Kalinowski, M. and Conte, T. (2014). Practical Findings from 

Applying Innovative Design Usability Evaluation Technologies for 

Mockups of Web Applications. In: 47th Annual Hawaii International 

Conference on System Sciences, 3054-3063.  

o Rivero, L.; Kawakami, G. and Conte, T. (2014). Using a Controlled 

Experiment to Evaluate Usability Inspection Technologies for Improving 

the Quality of Mobile Web Applications Earlier in their Design. In: 28th 

Brazilian Symposium on Software Engineering, 161-170.  

o Rivero, L.; Valle, R. and Conte, T. (2014). Aplicando Design e 

Avaliação de Usabilidade para Melhorar a Qualidade de um Aplicativo 

Web Móvel. In: XIII Simpósio Brasileiro de Qualidade de Software 

(SBQS 2014), 247-254.  

7.3 Future Perspectives 

The development of this research allowed us to develop a set of UX evaluation 

technologies for mobile applications, including the REX approach and the REX Report 

Generator. The results from this research provide new perspectives that can be explored 

in future work. The main future work is detailed as follows: 



 

123 

 

7.3.1 Evolution of the Proposed Technologies 

As shown in Chapter 6, the results from the observational study where we evaluated the 

REX approach motivated the development of further functionalities. For instance, it 

may be necessary to include alternatives for allowing the users to report the exact 

location (interface element) of the UX problem, while also allowing the REX Report 

Generator to count duplicated UX problems based on their descriptions. Furthermore, 

providing means to aggregate the data to provide further information could be done in 

the REX Report Generator. In this sense, future work could be to allow viewing which 

users pointed contradicting emotions, allowing software engineers to understand the 

results better. 

Another possible evolution could be developed based on the analysis of the 

results from each UX evaluation. New problems and improvement suggestions could be 

incorporated into the REX approach through a collaborative network. Thus, it could be 

interesting to develop an administrator mode for the REX approach, in order to allow 

researchers and software engineers to update the list of identified UX problems and 

suggestions that are proposed within the items from the REX approach. By doing so, 

software engineers could have access to an updated catalog of items and suggestions. 

These future work still needs to be discussed, in order to address what are the positive 

and negative aspects of allowing software development teams to suggest items into the 

REX approach, as this may impact the difficulty of the approach depending on the type 

of and a number of items that are suggested. 

7.3.2 Further Evaluations 

Despite having carried two major empirical studies from the point of view of both users 

and software engineers to evaluate the REX approach, several new evaluations may be 

performed. First of all, the performed studies (both exploratory and the studies 

evaluating the REX approach) could be replicated, while increasing the number of 

subjects, mainly in real software development scenarios, in order to increase the 

statistical significance of the results. 

Additionally, it may be necessary to continue the analysis of the qualitative data 

following the procedures proposed in Grounded Theory research (Glaser and Strauss, 

2009). By doing so, the theoretical saturation could be reached, increasing our 
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understanding of the aspects that affect the applicability of the REX approach and its 

improvement opportunities. 

The execution of the empirical studies of the REX approach suggested further 

paths of investigation in the field of UX evaluation. For instance, it is necessary to 

verify to what extent the discussion meeting of the report could be useful for generating 

further ideas in the improvement of the evaluated application, and if a specific process 

could be proposed for enhancing the generation of ideas. 

Another aspect to be investigated could be the effect of the REX approach in the 

development team regarding the empathy that they create with users. The empirical 

studies suggested that software engineers understood the UX problems and were 

interested in finding solutions that could engage users in the use of their products. It is 

necessary to verify to what extent the REX approach can support such empathy creation 

process, its effect in the correction of the identified problems, and how software 

engineers handle future projects, after participating in such meetings. 

Finally, future studies comparing the REX approach with other UX evaluation 

technologies (or the combination of two or more technologies) could be performed. The 

reporting of empirical studies indicating the specific contexts in which our proposal or 

other technologies perform better could be useful for practitioners in choosing the most 

appropriate technology while suggesting future work for researchers in the field of 

software quality in terms of UX. 

We argue that our findings will be useful for the promotion and improvement of 

the current practice and research of UX. Also, we expect that by suggesting the REX 

approach, software engineers can assess and improve the quality of mobile applications, 

meeting users’ expectations.  
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Appendix B: Classification of the Identified UX Evaluation Technologies 

  Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 

Paper 

ID 
Technology Name A B A B C A B C A B C CS Sw A B C D A B C A B C D A B C 

S01 2DES 
 

X 
  

X X 
  

X 
  

N N X 
     

X 
 

X 
   

X  

S02 
3E (Expressing Experiences and 

Emotions) 
X 

 
X 

  
X 

  
X 

  
Y Y 

   
X 

  
X 

   
X X   

S03 Aesthetics scale X 
 

X 
  

X 
  

X X X Y Y 
 

X 
    

X 
   

X 
 

X  

S04 Affect Grid X 
 

X 
  

X 
  

X 
  

N N X 
     

X 
   

X 
 

X  

S05 Affective Diary 
 

X X 
  

X 
    

X Y N X 
     

X 
  

X X   X 

S06 AttrakDiff X 
 

X 
  

X 
  

X X X N N X 
     

X 
   

X 
 

X  

S07 Attrak-Work questionnaire X 
 

X 
  

X 
  

X 
 

X Y Y 
   

X 
  

X 
   

X 
 

X  

S08 
AXE (Anticipated eXperience 

Evaluation) 
X 

   
X X 

  
X X 

 
Y Y X 

   
X X 

 
X 

  
X X   

S09 Co-discovery X 
 

X 
  

X 
  

X 
  

N N X 
   

X X X 
 

X 
  

X   

S10 Context-aware ESM (MyExperience) 
 

X X 
  

X 
    

X Y Y 
  

X 
   

X 
  

X 
 

  X 

S11 Contextual Laddering X 
 

X 
  

X 
  

X 
  

Y N X 
     

X 
   

X X   

S09 Controlled observation X 
 

X 
  

X 
  

X 
  

N N X 
   

X X X 
 

X 
  

  X 

S12 Day Reconstruction Method X 
 

X 
  

X 
   

X 
 

N N X 
     

X 
   

X   X 

S13 Differential Emotions Scale (DES) X 
   

X X 
   

X 
 

N N X 
     

X 
   

X 
 

X  

S14 EMO2 X 
   

X X 
  

X 
  

N N X 
     

X 
   

X   X 

S15 Emocards X 
 

X 
  

X 
  

X 
  

N N X 
   

X 
 

X 
   

X   X 

S16 Emotion Sampling Device (ESD) X 
   

X X 
    

X Y N X 
     

X 
  

X 
 

  X 

S17 Experience clip X 
 

X 
  

X 
    

X Y Y 
  

X 
   

X 
 

X 
  

X   

S18 Experience Sampling Method (ESM) X 
   

X X 
    

X N N X 
     

X 
  

X 
  

X  

S19 Facereader X 
   

X X 
  

X 
  

Y Y X 
     

X 
 

X 
   

X  
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  Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 

Paper 

ID 
Technology Name A B A B C A B C A B C CS Sw A B C D A B C A B C D A B C 

S20 Feeltrace 
 

X X 
  

X 
  

X 
  

N N X 
     

X 
 

X 
   

X  

S21 Fun Toolkit X 
 

X 
  

X 
  

X X 
 

Y Y X 
     

X X 
  

X   X 

S22 
Game experience questionnaire 

(GEQ) 
X 

   
X X 

   
X 

 
Y Y 

   
X 

  
X 

 
X 

 
X 

 
X  

S23 Geneva Appraisal Questionnaire X 
 

X 
  

X 
   

X 
 

N N X 
     

X X 
  

X   X 

S24 Geneva Emotion Wheel X 
 

X 
  

X 
  

X 
  

N N X 
     

X 
   

X 
 

X  

S25 Group-based expert walkthrough X 
 

X 
  

X X X X 
  

Y Y 
   

X X 
 

X 
 

X 
 

X   X 

S26 Hedonic Utility scale (HED/UT) X 
 

X 
  

X 
  

X 
  

Y Y 
  

X 
   

X 
   

X   X 

S27 Human Computer trust X 
 

X 
  

X 
  

X 
  

Y Y 
   

X 
  

X 
   

X 
 

X  

S09 Immersion X 
 

X 
    

X 
  

X N N X 
     

X 
  

X 
 

X   

S28 Intrinsic motivation inventory (IMI) X 
   

X X 
   

X 
 

N N X 
     

X 
   

X 
 

X  

S29 iScale X 
   

X X 
   

X 
 

Y N X 
     

X 
   

X   X 

S30 Kansei Engineering Software 
 

X 
  

X X 
   

X 
 

Y Y 
 

X 
    

X 
   

X 
 

X  

S31 Living Lab Method X 
   

X X 
   

X 
 

Y Y 
   

X 
  

X 
 

X 
  

X   

S32 Long term diary study X 
 

X 
  

X 
    

X N N X 
     

X 
  

X 
  

X  

S33 Mental effort X 
 

X 
  

X 
   

X 
 

N N X 
     

X 
   

X 
 

X  

S09 Mental mapping X 
 

X 
  

X 
 

X X 
  

N N X 
     

X 
   

X X   

S34 
OPOS – Outdoor Play Observation 

Scheme 
X 

 
X 

  
X 

    
X Y Y 

   
X 

  
X 

 
X 

   
X  

S35 PAD X 
  

X 
 

X 
  

X 
  

N N X 
     

X 
   

X 
 

X  

S36 Paired comparison X 
 

X 
  

X 
    

X N N X 
     

X 
   

X 
 

X  

S37 
Physiological arousal via 

electrodermal activity 
X 

  
X 

 
X 

  
X 

  
Y Y 

 
X 

    
X 

 
X 

   
X  

S38 Playability heuristics X 
 

X 
    

X X 
  

Y Y 
   

X X X 
  

X 
  

X   

S39 
Positive and Negative Affect Scale 

(PANAS) 
X 

 
X 

  
X 

   
X 

 
N N X 

     
X 

   
X 

 
X  

S40 PrEmo X 
  

X 
 

X 
  

X 
  

N N X 
     

X 
   

X 
 

X  

S41 Presence questionnaire X 
 

X 
  

X 
  

X 
  

Y Y 
   

X 
  

X 
   

X 
 

X  

S09 Private camera conversation X 
 

X 
  

X 
  

X 
  

N N X 
   

X X X X 
  

X X   
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  Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 

Paper 

ID 
Technology Name A B A B C A B C A B C CS Sw A B C D A B C A B C D A B C 

S42 Product Attachment Scale X 
 

X 
  

X 
    

X N N X 
     

X 
  

X 
 

  X 

S09 Product Personality Assignment X 
 

X 
  

X 
  

X 
  

N N X 
     

X X 
  

X X   

S09 Property checklists X 
 

X 
    

X X 
  

N N X 
   

X X X 
 

X 
  

X   

S43 Psychophysiological measurements X 
  

X 
 

X 
  

X 
  

Y Y 
   

X 
  

X 
 

X 
   

X  

S09 Reaction checklists X 
 

X 
  

X 
  

X 
  

N N X 
   

X X X 
 

X X 
  

X  

S44 Repertory Grid Technique (RGT) X 
 

X 
  

X 
  

X 
  

Y N X 
     

X 
   

X   X 

S45 Self Assessment Scale (SAM) X 
 

X 
  

X 
  

X 
  

N N X 
     

X 
   

X 
 

X  

S46 Sensual Evaluation Instrument X 
   

X X 
  

X X 
 

Y Y 
   

X 
  

X 
 

X 
 

X X   

S47 Sentence Completion X 
 

X 
  

X 
  

X X X Y N X 
   

X 
 

X X 
  

X X   

S48 SUMI X 
  

X 
 

X 
  

X X X Y Y X 
     

X 
   

X 
 

X  

S49 
TRUE Tracking Realtime User 

Experience 
X 

   
X X X 

  
X 

 
Y Y 

   
X 

  
X 

 
X 

 
X 

 
X  

S50 TUMCAT 
 

X 
  

X X 
    

X Y Y 
  

X X 
  

X 
 

X X 
 

  X 

S51 UTAUT X 
 

X 
  

X 
   

X 
 

Y Y X 
     

X 
   

X 
 

X  

S52 UX Curve X 
 

X 
  

X 
   

X 
 

Y Y X 
     

X 
   

X   X 

S53 UX Expert evaluation X 
 

X 
    

X 
 

X 
 

Y Y 
   

X 
  

X 
 

X 
  

  X 

S54 Valence method X 
 

X 
  

X 
  

X X 
 

Y Y X 
     

X 
 

X 
 

X   X 

S55 
WAMMI (Website Analysis and 

Measurement Inventory) 
X 

  
X 

 
X 

   
X 

 
Y Y 

 
X 

    
X 

   
X 

 
X  

S56 Workshops + probe interviews X 
 

X 
  

X 
   

X 
 

Y Y X 
     

X X 
  

X X   

Footnote: 

Q1 – Type of Technology: (a) Method, (b)Tool 

Q2 – Availability: (a) Available For Free, (b) Available Under a License, (c) Not Available  

Q3 – Information Source: (a) Users, (b) The Development Team, (c) UX Experts 

Q4 – Location: (a) Lab or Industry, (b) Field – Specific, (c) Field – Free, (d) Others 

Q5 – Type of Assessed Product: (a) Computer Science, (b) Software Applications, (a) Generic, (b) Web Application, (c) Mobile Application, (d) Others 

Q6 – Product Development Phase: (a) Conceptual Ideas, (b) Design Models, (c) Functional prototypes 

Q7 – Assessed Period of Experience: (a) Before Usage, (b) During Usage – Single Episode, (c) During Usage – Long Term Usage, (d) After Usage 

Q8 – Collected Data: (a) Qualitative, (b) Quantitative, (c) Both 
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 Type of Tech. 
UX Data 

Source 
Locat. 

Assessed 

Application 
Eval. Artifact Assessed UX Period Type of Data Correct. Availability 

Paper ID Technology Name (a) (b) (c) (a) (b) (c) (a) (b) (a) (b) (c) (d) (a) (b) (c) (a) (b) (c) (d) (a) (b) (c) (a) (b) (a) (b) (c) 

S057 UX Concept Testing X X X X 
  

X X X 
   

X 
  

X X 
 

X 
  

X X 
 

X 
  

S058 Emocards in Short Interaction Sequences 
 

X 
 

X 
  

X 
 

X 
     

X 
   

X 
 

X 
  

X X 
 

X 

S059 User Testing Within Co-Design X 
 

X X 
  

X 
 

X 
     

X 
 

X 
 

X 
  

X X 
 

X X 
 

S060 
Standardized Assessment Tool for 

Interactive Stories 
X 

  
X 

  
X 

    
X 

  
X 

   
X 

 
X 

  
X X 

  

S061 MobPro 
  

X X 
   

X 
  

X 
   

X 
 

X X 
  

X 
  

X 
  

X 

S062 
ResQue (Recommender systems’ Quality 

of user experience) 
X 

  
X 

  
X 

    
X 

  
X 

   
X 

 
X 

  
X X 

  

S063 
Generic framework for evaluating the 

user experience   
X X 

  
X 

    
X 

  
X 

   
X 

 
X 

  
X 

  
X 

S064 
Fuzzy Comprehensive Evaluation Of 

User Experience 
X 

 
X X 

 
X X 

    
X 

  
X 

   
X 

 
X 

  
X X 

  

S065 User Experience Evaluation Metrics X X X X 
  

X 
    

X 
  

X 
 

X 
 

X 
  

X 
 

X X 
  

S066 
Identify meaningful playfulness 

experiences 
X 

  
X 

   
X X 

     
X 

  
X 

 
X 

   
X X 

  

S067 Experience Clip 
 

X X X 
   

X 
  

X 
   

X 
 

X 
 

X X 
   

X 
  

X 

S068 
Quality, Quality in use, actual Usability 

and User experience (2Q2U)   
X X 

  
X 

 
X 

     
X 

 
X 

    
X X 

   
X 

S069 
Measuring the User Experience of 

Digital Books 
X X X X 

  
X 

    
X 

  
X 

 
X 

 
X 

  
X 

 
X X X 

 

S070 Valence Method 
 

X X X 
  

X 
 

X 
     

X 
 

X 
 

X 
  

X 
 

X X 
  

S071 
An approach for evaluating the affective 

aspects of exploratory search 
X 

  
X 

  
X 

    
X 

  
X 

   
X 

 
X 

  
X 

  
X 

S072 
Quality, Quality in use, actual Usability 

and User experience (2Q2U)   
X X 

  
X 

 
X 

     
X 

 
X 

    
X X 

   
X 

S073 
Physiological measures and 

Questionnaire 
X 

 
X X 

  
X 

    
X 

  
X 

 
X 

 
X 

 
X 

  
X X X 

 

S074 
Usability Metric for User Experience 

(UMUX) 
X 

  
X 

  
X X X 

     
X 

   
X 

 
X 

  
X X 

  

S075 i-Scale X 
  

X 
  

X 
 

X 
     

X 
  

X X 
  

X 
 

X 
  

X 
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 Type of Tech. 
UX Data 

Source 
Locat. 

Assessed 

Application 
Eval. Artifact Assessed UX Period Type of Data Correct. Availability 

Paper ID Technology Name (a) (b) (c) (a) (b) (c) (a) (b) (a) (b) (c) (d) (a) (b) (c) (a) (b) (c) (d) (a) (b) (c) (a) (b) (a) (b) (c) 

S076 
Framework  for in situ evaluation of 

recommender systems 
X 

 
X X 

   
X 

   
X 

  
X 

 
X 

 
X 

  
X 

 
X 

  
X 

S077 
Laddering with young children in User 

eXperience evaluations  
X 

 
X 

  
X 

    
X 

  
X 

   
X X 

   
X X 

  

S078 

HEART (Happiness, Engagement, 

Adoption, Retention, and Task success) 

framework 

X 
 

X X 
  

X X 
 

X 
    

X 
 

X 
 

X 
  

X 
 

X 
  

X 

S079 Mobile Questionnaires X 
  

X 
   

X 
  

X 
   

X 
 

X 
 

X 
 

X 
  

X 
  

X 

S080 
Identify meaningful playfulness 

experiences 
X 

  
X 

   
X X 

     
X 

  
X 

 
X 

   
X X 

  

S081 Microsoft’s Reaction Cards X X 
 

X 
  

X 
 

X 
     

X 
 

X 
 

X 
  

X 
 

X 
  

X 

S082 
Quality, Quality in use, actual Usability 

and User experience (2Q2U)   
X X 

  
X 

 
X 

     
X 

 
X 

    
X X 

   
X 

S083 
Think aloud protocols and an emotion 

word prompt list  
X 

 
X 

  
X 

  
X 

    
X 

   
X 

 
X 

  
X X 

  

S084 
Framework for Evaluating Quality of 

Experience 
X 

 
X X 

   
X 

  
X 

   
X 

  
X 

   
X 

 
X 

  
X 

S085 User Measures of Quality of Experience X 
 

X X 
   

X 
   

X 
  

X 
  

X X 
 

X 
  

X X 
  

S086 The adjustable distraction (AD) method 
  

X X 
  

X 
 

X 
     

X 
 

X 
  

X 
   

X X 
  

S087 Engagement Survey X 
  

X 
  

X 
  

X 
    

X 
   

X 
 

X 
  

X X 
  

S088 
User-centric approach to recommender 

system evaluation 
X 

  
X 

  
X 

    
X 

  
X 

   
X 

 
X 

  
X X 

  

S089 

Combining interviews and scales in the 

multidimensional evaluation of User 

Experience 

X X 
 

X 
  

X 
    

X 
  

X 
   

X 
  

X 
 

X X 
  

S090 
ResQue (Recommender systems’ Quality 

of user experience) 
X 

  
X 

  
X 

    
X 

  
X 

   
X 

 
X 

  
X X 

  

S091 
Procedure to evaluate recommender 

systems for experience products 
X 

 
X X 

  
X 

    
X 

  
X 

 
X 

 
X 

 
X 

  
X X 

  

S092 
Four-Dimensional Assessment System 

Model  
X 

 
X 

 
X X 

   
X 

   
X 

   
X 

 
X 

  
X X 

  

S093 UX Curve X 
  

X 
  

X 
 

X 
     

X 
  

X X 
  

X 
 

X X 
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 Type of Tech. 
UX Data 

Source 
Locat. 

Assessed 

Application 
Eval. Artifact Assessed UX Period Type of Data Correct. Availability 

Paper ID Technology Name (a) (b) (c) (a) (b) (c) (a) (b) (a) (b) (c) (d) (a) (b) (c) (a) (b) (c) (d) (a) (b) (c) (a) (b) (a) (b) (c) 

S094 
Mixed-methods approach of GSR and 

observation-based techniques  
X X X 

  
X 

    
X 

  
X 

 
X 

 
X 

  
X 

 
X 

 
X 

 

S095 
Survey for measuring engagement in 

eLearning system 
X 

  
X 

  
X 

    
X 

  
X 

   
X 

 
X 

  
X 

  
X 

S096 
Complementary UX data collection 

methods 
X X X X 

  
X X 

  
X 

   
X 

 
X 

 
X 

  
X X 

   
X 

S097 
UX Evaluation of Brain-computer 

interfaces 
X 

  
X 

  
X 

    
X 

  
X X 

  
X 

 
X 

  
X X 

  

S098 User experience questionnaire X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X 
  

X 

S099 

EFEx - Evaluation Framework For End-

User Experience In Evaluating Adaptive 

Systems 
  

X X 
  

X 
    

X 
  

X 
 

X 
    

X 
 

X 
  

X 

S100 
Nonintrusive recognition system for 

bodily expression of affect   
X X 

  
X 

    
X 

  
X 

 
X 

   
X 

  
X 

  
X 

S101 Naturalistic enactment 
 

X X X 
   

X 
  

X 
   

X 
   

X X 
   

X X 
  

S102 
Methodology for studying affective 

ludology using EEG measurement   
X X 

  
X 

    
X 

  
X 

 
X 

   
X 

  
X 

 
X 

 

S103 
Museum Experience Scale (MES) and 

Multimedia Guide Scale (MGS) 
X 

  
X 

   
X 

   
X 

  
X 

   
X 

 
X 

  
X X 

  

S104 UX Curve X 
  

X 
  

X 
 

X 
     

X 
  

X X 
  

X 
 

X X 
  

S105 

Guidelines to measure and assess the 

persuasive dimensions of user 

experiences 

X 
    

X X 
 

X 
     

X 
 

X 
   

X 
 

X 
 

X 
  

S106 
A model-based design approach in 

transport   
X X 

      
X 

   
X 

 
X 

  
X 

   
X 

  
X 

S107 Combination of UX methods X 
 

X X 
  

X 
    

X 
  

X 
 

X 
 

X 
 

X 
  

X X 
  

S108 Triggered Think-Aloud Protocol 
 

X X X 
  

X 
  

X 
    

X 
 

X 
 

X 
  

X 
 

X X 
  

S109 
VERO: Visual Experiential 

Requirements Organizer 
X 

  
X 

   
X X 

   
X 

  
X 

     
X 

 
X 

  
X 

S110 
Schwartz’s value model for modelling 

the subjective value perceived by users 
X X X X 

   
X X 

     
X 

 
X 

 
X 

  
X 

 
X X 
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 Type of Tech. 
UX Data 

Source 
Locat. 

Assessed 

Application 
Eval. Artifact Assessed UX Period Type of Data Correct. Availability 

Paper ID Technology Name (a) (b) (c) (a) (b) (c) (a) (b) (a) (b) (c) (d) (a) (b) (c) (a) (b) (c) (d) (a) (b) (c) (a) (b) (a) (b) (c) 

S111 
UX scalable combined evaluation 

method set 
X X X X 

  
X 

  
X 

  
X X X 

 
X 

 
X 

  
X X 

   
X 

S112 
Metrics used to assess the quality of the 

user experience 
X 

  
X 

  
X 

    
X 

  
X 

   
X 

 
X 

  
X 

  
X 

S113 Computational aesthetics approach 
  

X X 
   

X 
 

X 
    

X 
   

X 
 

X 
  

X X 
  

S114 

Combination of Game Experience 

Questionnaire and Physiological 

Measures 

X 
 

X X 
  

X 
    

X 
  

X 
 

X 
 

X 
 

X 
  

X X 
  

S115 Integrated experience acceptance model X 
  

X 
   

X 
 

X 
    

X 
   

X 
 

X 
  

X X 
  

S116 
Extensible metadata format for Serious 

Games (MDF-SG) 
X 

  
X 

   
X 

   
X 

  
X 

   
X 

 
X 

  
X 

  
X 

S117 Biometric Storyboards X 
 

X X 
  

X 
    

X 
  

X 
 

X 
 

X 
  

X 
 

X X 
  

S118 
Using questionnaires to evaluate all 

components of UX 
X 

  
X 

  
X 

   
X 

   
X 

   
X 

 
X 

  
X X 

  

S119 DrawUX X 
  

X 
   

X X 
     

X 
   

X 
  

X 
 

X 
  

X 

S120 UXblackbox X 
 

X X 
  

X 
 

X 
     

X 
 

X 
    

X 
 

X 
  

X 

S121 UX questionnaire X 
  

X 
  

X 
  

X 
    

X 
   

X 
  

X 
 

X 
  

X 

S122 The Fun Toolkit X 
  

X 
  

X 
 

X 
     

X 
   

X 
 

X 
  

X X 
  

S123 AttrakDiff2 X 
  

X 
  

X 
 

X 
     

X 
   

X 
 

X 
  

X 
  

X 

S124 10 UX dimensions X 
  

X 
   

X X 
     

X 
   

X X 
   

X X 
  

S125 UX Web Survey X 
  

X 
   

X X 
   

X 
 

X X 
  

X X 
   

X X 
  

S126 
Quality, Quality in use, actual Usability 

and User experience (2Q2U)   
X X 

  
X 

 
X 

     
X 

 
X 

    
X X 

   
X 

S127 
Post-study System Usability 

Questionnaire 
X 

  
X 

  
X 

 
X 

     
X 

   
X 

  
X 

 
X X 

  

S128 
Technologies for measuring postural 

micromovements   
X X 

  
X 

 
X 

     
X 

 
X 

   
X 

  
X 

 
X 

 

S129 UX Evaluation framework 
 

X X X 
  

X X X 
     

X 
  

X X X 
   

X X 
  

S130 Speech recognition for UX evaluation 
 

X X X 
  

X 
    

X 
  

X 
 

X 
   

X 
  

X 
  

X 

S131 Evaluation and rating method for MoEs X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
 

X 
 

X 
  

S132 Adjective Card Selection Method 
 

X 
 

X 
  

X 
    

X 
  

X 
   

X X 
   

X X 
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 Type of Tech. 
UX Data 

Source 
Locat. 

Assessed 

Application 
Eval. Artifact Assessed UX Period Type of Data Correct. Availability 

Paper ID Technology Name (a) (b) (c) (a) (b) (c) (a) (b) (a) (b) (c) (d) (a) (b) (c) (a) (b) (c) (d) (a) (b) (c) (a) (b) (a) (b) (c) 

S133 Flow and Presence Measuring Tool X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X X 
  

S134 
Interface aesthetics requirements 

evaluation 
X 

  
X 

 
X X X 

 
X 

    
X 

   
X 

 
X 

  
X X 

  

S135 Semantic Differentials for UX evaluation X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X X 
  

S136 
Decomposed Expectation-Confirmation 

Model and Questionnaire 
X 

  
X 

  
X 

    
X 

  
X 

   
X 

 
X 

  
X X 

  

S137 Eye tracking 
  

X X 
  

X 
    

X 
  

X 
 

X 
   

X 
  

X 
  

X 

S138 
Recommender framework for the 

evaluation of end user experience 
X 

  
X 

  
X 

    
X 

  
X 

   
X X 

   
X 

  
X 

S139 User Experience Questionnaire X 
  

X 
  

X 
 

X 
     

X 
   

X 
 

X 
  

X X 
  

S140 
Multimodal Videogame Neuro-

Evaluation   
X X 

  
X 

    
X X 

 
X X X 

   
X 

  
X X 

  

S141 
Semantic Web Exploration Tools Quality 

in Use Model (SWET-QUM) 
X 

 
X X 

  
X 

  
X 

    
X 

 
X 

 
X 

 
X 

  
X X 

  

S142 

Open-HEREDEUX (Open Heuristic 

REsource for Designening and 

Evaluating User eXperience) 

X 
   

X X X 
 

X 
     

X 
   

X 
 

X 
  

X 
  

X 

S143 

Flexible and comprehensive 

methodology for evaluating different 

semantic search approaches 

X X X X 
  

X 
    

X 
  

X 
 

X 
 

X 
  

X 
 

X 
  

X 

S144 Self-Reporting Questionnaire X 
  

X 
  

X 
    

X 
  

X X 
    

X 
  

X 
  

X 

S145 i-Scale X 
  

X 
  

X 
 

X 
     

X 
  

X X 
  

X 
 

X 
  

X 

S146 Self-report user experience measures X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X X 
  

S147 

Participant-generated drawings and 

drama workshops as user experience 

research methods 

X X 
 

X 
  

X 
 

X 
   

X 
  

X 
   

X 
  

X 
 

X 
  

S148 
Holistic comparison tool for multimedia 

quality evaluation methods 
X X 

  
X 

 
X 

    
X 

  
X 

 
X 

 
X 

  
X 

 
X 

  
X 

S149 
Framework for UX evaluation of 

recommender systems 
X 

  
X 

  
X 

    
X 

  
X 

   
X 

 
X 

  
X X 

  

S150 Co-constructing stories X X 
 

X 
  

X 
 

X 
   

X 
  

X 
   

X 
   

X X 
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 Type of Tech. 
UX Data 

Source 
Locat. 

Assessed 

Application 
Eval. Artifact Assessed UX Period Type of Data Correct. Availability 

Paper ID Technology Name (a) (b) (c) (a) (b) (c) (a) (b) (a) (b) (c) (d) (a) (b) (c) (a) (b) (c) (d) (a) (b) (c) (a) (b) (a) (b) (c) 

S151 
Automated facial expressions analysis to 

infer player experiences   
X X 

   
X 

   
X 

  
X 

 
X 

   
X 

  
X X 

  

S152 UX_Mate 
  

X X 
  

X 
 

X 
     

X 
 

X 
   

X 
  

X X 
  

S153 
Interview process based on the laddering 

technique  
X 

 
X 

   
X 

   
X 

  
X 

   
X 

  
X 

 
X X 

  

S154 User Experience Questionnaire (UEQ) X 
  

X 
   

X 
 

X 
    

X 
   

X 
 

X 
  

X X 
  

S155 The Fun Toolkit X 
  

X 
  

X 
 

X 
     

X 
   

X 
 

X 
  

X X 
  

S156 
Interviews and experience sampling 

techniques  
X X X 

   
X 

 
X 

    
X 

  
X 

  
X 

  
X 

  
X 

S157 Psychophysiological measurements 
  

X X 
  

X 
    

X 
  

X 
 

X 
   

X 
  

X 
 

X 
 

S158 AttrakDiff and Task Load X 
  

X 
  

X 
   

X 
   

X 
   

X 
 

X 
  

X X 
  

S159 
Activity Theory with Observations and 

Interviews  
X X X 

   
X 

   
X 

  
X 

 
X 

 
X X 

   
X X 

  

S160 Mouse Tracking 
  

X X 
  

X 
  

X 
    

X 
 

X 
   

X 
  

X X 
  

S161 
User eXperience Laddering with 

preschoolers  
X 

 
X 

  
X 

    
X 

 
X 

    
X X 

   
X X 

  

S162 User Engagement Metrics 
  

X X 
  

X 
    

X 
  

X 
 

X 
   

X 
  

X 
  

X 

S163 
Electromyography (EMG) and 

interaction data   
X X 

  
X 

  
X 

    
X 

 
X 

   
X 

  
X 

 
X 

 

S164 
Emotion Recognition for Exergames 

using Laban Movement Analysis   
X X 

  
X 

    
X 

  
X 

 
X 

   
X 

  
X 

 
X 

 

S165 
Experiential user experience evaluation 

method 
X 

  
X 

   
X 

   
X 

  
X X 

  
X 

 
X 

  
X X 

  

S166 Video analysis 
  

X X 
  

X 
    

X 
  

X 
 

X 
    

X 
 

X X 
  

S167 Custom motivation survey X 
  

X 
   

X 
  

X 
   

X 
  

X 
  

X 
  

X 
  

X 

S168 

Dynamic Multimodal Approach for 

Assessing Learners’ Interaction 

Experience 

X 
 

X X 
  

X 
    

X 
  

X 
 

X 
 

X 
 

X 
  

X 
  

X 

S169 Combination of UX methods X X 
 

X 
  

X 
   

X 
   

X 
 

X 
 

X 
  

X 
 

X 
  

X 

S170 Ten User Experience Heuristics X 
   

X X X 
 

X 
    

X X 
    

X 
   

X X 
  

S171 Questionnaire for Evaluating UX X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X X 
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 Type of Tech. 
UX Data 

Source 
Locat. 

Assessed 

Application 
Eval. Artifact Assessed UX Period Type of Data Correct. Availability 

Paper ID Technology Name (a) (b) (c) (a) (b) (c) (a) (b) (a) (b) (c) (d) (a) (b) (c) (a) (b) (c) (d) (a) (b) (c) (a) (b) (a) (b) (c) 

S172 
Experiential user experience evaluation 

method 
X 

  
X 

   
X 

   
X 

  
X X 

  
X 

 
X 

  
X X 

  

S173 Video analysis 
  

X X 
  

X 
    

X 
  

X 
 

X 
    

X 
 

X X 
  

S174 
Expert Method and Cognitive 

Walkthrough 
X 

    
X X 

  
X X 

  
X 

  
X 

   
X 

  
X X 

  

S175 ITC-SOPI Presence questionnaires X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X X 
  

S176 Combination of UX methods X X X X 
  

X 
 

X 
     

X 
 

X 
 

X 
  

X 
 

X X 
  

S177 PhysiOBS 
  

X X 
  

X 
 

X 
     

X 
 

X 
   

X 
  

X 
  

X 

S178 Gaming QoE X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X 
  

X 

S179 IPQ questionnaire X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X 
  

X 

S180 VisAWI questionnaire X 
  

X 
  

X 
  

X 
    

X 
   

X 
 

X 
  

X X 
  

S181 Rating Scale for Empathised Enjoyment X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X X 
  

S182 Satisfaction Questionnaire X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X X 
  

S183 iTV-UX questionnaire X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X X 
  

S184 User Needs Questionnaire X 
  

X 
  

X 
 

X 
     

X 
   

X 
 

X 
  

X 
  

X 

S185 
Combination of UX Questionnaires and 

Observation 
X 

 
X X 

  
X 

 
X 

   
X X 

 
X X 

    
X 

 
X X 

  

S186 User Engagement Scale (UES) X 
  

X 
  

X 
 

X 
     

X 
   

X 
 

X 
  

X X 
  

S187 Combination of UX Methods X X 
 

X 
  

X 
 

X 
     

X 
 

X 
 

X 
  

X 
 

X X 
  

S188 
Semantic Web Exploration Tools Quality 

in Use Model - SWET-QUM 
X 

 
X X 

  
X 

    
X 

  
X 

 
X 

 
X 

 
X 

  
X X 

  

S189 Mixed-Methods Approach X 
 

X X 
  

X 
    

X 
  

X 
 

X 
 

X 
 

X 
  

X X 
  

S190 10 dimensions to characterize UX 
  

X X 
  

X 
 

X 
   

X X X X X X X 
  

X 
 

X 
  

X 

S191 Framework for user experience design 
  

X X 
  

X 
 

X 
   

X 
   

X 
   

X 
  

X 
  

X 

S192 
User Experience (UX) aspects applied to 

virtual museums (VM) - VMUXE  
X 

 
X 

  
X 

    
X 

  
X 

   
X 

  
X 

 
X X 

  

S193 
Metric-Based Evaluation of Graphical 

User Interfaces   
X X 

   
X 

 
X 

    
X 

 
X 

   
X 

  
X X 

  

S194 MemoLine X 
  

X 
  

X 
 

X 
     

X 
  

X X 
  

X 
 

X X 
  

S195 Smileyometer and Again Again method X 
  

X 
  

X 
 

X 
    

X X 
   

X 
 

X 
  

X X 
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 Type of Tech. 
UX Data 

Source 
Locat. 

Assessed 

Application 
Eval. Artifact Assessed UX Period Type of Data Correct. Availability 

Paper ID Technology Name (a) (b) (c) (a) (b) (c) (a) (b) (a) (b) (c) (d) (a) (b) (c) (a) (b) (c) (d) (a) (b) (c) (a) (b) (a) (b) (c) 

S196 
GEQ (Game Engagement/Experience 

Questionnaire) 
X 

  
X 

  
X 

    
X 

  
X 

   
X 

 
X 

  
X X 

  

S197 UX Questionnaire X 
  

X 
  

X 
    

X 
  

X 
   

X 
  

X 
 

X X 
  

S198 Affect Recognition 
  

X X 
  

X 
    

X 
  

X 
 

X 
   

X 
  

X 
  

X 

S199 
Semi-structured UX interview and 

questionnaire 
X X 

 
X 

  
X 

  
X 

    
X 

   
X 

  
X 

 
X X 

  

S200 Biometric Storyboards (BioSt) 
  

X X 
  

X 
    

X 
  

X 
 

X 
   

X 
  

X 
 

X 
 

S201 
LEMtool (Layered Emotion 

Measurement tool) 
X 

  
X 

  
X 

  
X 

    
X 

   
X 

 
X 

  
X 

  
X 

S202 Emotion Recognition System 
  

X X 
  

X 
 

X 
     

X 
 

X 
   

X 
  

X 
  

X 

S203 UX Evaluation Framework X X X X 
  

X 
 

X 
     

X X X 
 

X 
  

X 
 

X X 
  

S204 
Six design guidelines for time-

considerate design   
X X 

  
X 

 
X 

   
X X X 

 
X 

   
X 

  
X X 

  

S205 UTAUT X 
  

X 
  

X 
 

X 
     

X 
   

X 
 

X 
  

X X 
  

S206 Attractiveness Walkthrough X 
   

X X X 
 

X 
    

X X 
   

X X 
   

X X 
  

S207 Portuguese version of the UEQ X 
  

X 
  

X 
 

X 
     

X 
   

X 
 

X 
  

X X 
  

S208 
UX Evaluation Questionnaire 

considering AttrakDiff 
X 

  
X 

  
X 

    
X 

  
X 

   
X 

 
X 

  
X 

  
X 

S209 Combination of UX Methods X X X X 
  

X 
 

X 
     

X 
 

X 
 

X 
  

X 
 

X X X 
 

S210 
Playability Model to evaluate the player 

experience 
X 

 
X X 

  
X 

    
X 

  
X 

 
X 

 
X X 

   
X X X 

 

S211 Experience questionnaire X 
  

X 
  

X 
 

X 
     

X 
   

X 
 

X 
  

X X 
  

S212 
User Engagement Questionnaire for 

Interaction Techniques 
X 

  
X 

  
X 

  
X 

    
X 

   
X 

 
X 

  
X 

  
X 

S213 
Psychological Needs-Driven Ux Expert 

Evaluation 
X 

    
X X 

 
X 

     
X 

   
X 

 
X 

  
X 

  
X 

S214 
Immersive User eXperience (IUX) 

model  
X X X 

  
X 

    
X 

  
X 

 
X 

 
X 

  
X 

 
X 

  
X 

S215 Gaze Tracking 
  

X X 
  

X 
  

X 
    

X 
 

X 
   

X 
  

X X 
  

S216 
Integrative Multi-Dimensional 

Assessments of Usability Features 
X X X X 

  
X 

 
X 

     
X 

 
X 

 
X 

 
X 

  
X X 
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 Type of Tech. 
UX Data 

Source 
Locat. 

Assessed 

Application 
Eval. Artifact Assessed UX Period Type of Data Correct. Availability 

Paper ID Technology Name (a) (b) (c) (a) (b) (c) (a) (b) (a) (b) (c) (d) (a) (b) (c) (a) (b) (c) (d) (a) (b) (c) (a) (b) (a) (b) (c) 

S217 
Tactile User Experience Assessment 

Board  
X 

 
X 

  
X 

 
X 

     
X 

   
X 

  
X 

 
X 

  
X 

S218 
Intelligent User Experience 

Questionnaire 
X 

  
X 

   
X X 

     
X 

   
X X 

   
X X 

  

S219 Quantitative UX Evaluation Tools 
  

X X 
  

X 
    

X 
  

X 
 

X 
   

X 
  

X 
 

X 
 

S220 MINARGUS 
  

X X 
  

X 
    

X 
  

X 
 

X 
   

X 
  

X 
  

X 

S221 Quick-UX X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X X 
  

S222 UX indicators for complex work systems X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X X 
  

S223 Physiological Measures and UEQ X 
 

X X 
  

X 
   

X 
   

X 
 

X 
 

X 
 

X 
  

X X X 
 

S224 UX Questionnaire X 
  

X 
  

X 
 

X 
    

X 
 

X 
  

X 
  

X 
 

X X 
  

S225 Sentence Completion X 
  

X 
  

X 
 

X 
   

X 
  

X 
   

X 
   

X X 
  

S226 Facial Expression Recognition 
  

X X 
  

X 
    

X 
  

X 
 

X 
 

X 
 

X 
  

X 
  

X 

S227 TAM-based UX questionnaire X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X 
  

X 

S228 User Experience Questionnaire X 
  

X 
  

X 
 

X 
     

X 
   

X 
 

X 
  

X X 
  

S229 UX Adapted Scale X 
  

X 
   

X 
   

X 
  

X 
 

X 
   

X 
  

X 
  

X 

S230 User Experience Evaluation Framework X X X X 
  

X 
 

X 
   

X X X X X 
 

X 
 

X 
  

X 
  

X 

S231 
Playability vs. Usability in a Computer 

Game   
X X 

  
X 

    
X 

  
X 

 
X 

  
X 

   
X 

  
X 

S232 
Quantification of Interface Visual 

Complexity 
X 

 
X X 

 
X X 

  
X 

    
X 

   
X 

 
X 

  
X 

  
X 

S233 
EmoSnaps: A Mobile Application for 

Emotion Recall from Facial Expressions 
X 

  
X 

   
X 

  
X 

   
X 

  
X 

   
X 

 
X X 

  

S234 
User experience in an affective feedback 

loop 
X 

 
X X 

  
X 

    
X 

  
X 

 
X 

   
X 

 
X 

 
X 

  

S235 
User Experience Evaluation Through 

The Brain’s Electrical Activity  
X X X 

  
X 

 
X 

     
X 

 
X 

 
X 

  
X 

 
X 

 
X 

 

S236 User Experience Questionnaire (UEQ) X 
  

X 
   

X 
 

X 
    

X 
   

X 
 

X 
  

X X 
  

S237 Physiological Observation X 
 

X X 
  

X 
 

X 
     

X 
 

X 
 

X 
  

X 
 

X 
  

X 

S238 
Classification of User postings by using 

the emotional analysis of Norman 
X 

  
X 

   
X 

 
X 

    
X 

   
X X 

  
X 

   
X 

S239 Fuzzy Affective Agent 
  

X X 
  

X 
    

X 
  

X 
 

X 
   

X 
  

X 
 

X 
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 Type of Tech. 
UX Data 

Source 
Locat. 

Assessed 

Application 
Eval. Artifact Assessed UX Period Type of Data Correct. Availability 

Paper ID Technology Name (a) (b) (c) (a) (b) (c) (a) (b) (a) (b) (c) (d) (a) (b) (c) (a) (b) (c) (d) (a) (b) (c) (a) (b) (a) (b) (c) 

S240 Open-Air Mobile User Test 
  

X X 
   

X 
  

X 
   

X 
 

X 
  

X 
   

X X 
  

S241 
Evaluation of User Experience and 

Interface Ergonomic Criteria 
X 

  
X 

 
X X 

  
X 

    
X X 

  
X 

 
X 

  
X X 

  

S254 GameFlow experience model 
  

X X 
  

X 
    

X 
  

X 
 

X 
 

X 
 

X 
 

X 
   

X 

S243 
Frontal alpha asymmetry and UX 

Questionnaires 
X 

 
X X 

  
X 

 
X 

     
X 

 
X 

 
X 

 
X 

  
X X X 

 

S244 
Incorporating sensory data into user 

experience analysis   
X X 

   
X 

  
X 

   
X 

 
X 

   
X 

  
X X 

  

S245 
FEEL—Frequent EDA and Event 

Logging 
X 

 
X X 

  
X 

   
X 

   
X 

 
X 

    
X 

 
X 

  
X 

S246 Framework of UX questions X 
  

X 
  

X 
    

X 
  

X 
   

X 
  

X 
 

X X 
  

S247 Rhetorical Evaluation of User Interfaces X 
   

X X X 
   

X 
   

X 
   

X X 
   

X X 
  

S248 
Clinical User-Experience Evaluation 

(CUE) 
X X X X 

  
X 

    
X 

  
X 

 
X 

 
X X 

   
X 

  
X 

S249 UX Evaluation with Facebook Data 
  

X X 
   

X X 
     

X 
   

X 
  

X 
 

X 
  

X 

S250 
Temporal Anchors in User Experience 

Research 
X X 

 
X 

  
X 

 
X 

     
X 

   
X X 

   
X 

  
X 

S251 Wiki anxiety inventory-editing (WAI-E) X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X X 
  

S252 
Experimental Based Methodology for the 

Design Optimization 
X 

 
X X 

  
X X X 

     
X 

   
X 

 
X 

 
X 

   
X 

S253 
Hierarchical Probabilistic Framework to 

Model the User’s Experience 
X 

 
X X 

  
X 

    
X 

  
X X X 

 
X 

 
X 

  
X 

 
X 

 

S254 User-Reported Aesthetic Value X X X X 
  

X 
  

X 
    

X 
 

X 
 

X 
  

X 
 

X X X 
 

S255 ExerSurvey X 
  

X 
  

X 
    

X 
  

X 
   

X 
  

X 
 

X X 
  

S256 Measuring Product Happiness X 
  

X 
  

X 
 

X 
     

X 
   

X 
 

X 
  

X 
  

X 

S257 UX Evaluation of Sports App X X 
 

X 
  

X 
    

X 
  

X 
   

X 
  

X 
 

X X 
  

S258 The Lexical Analysis X 
 

X X 
   

X 
   

X 
  

X 
   

X 
 

X 
  

X 
  

X 

S259 Workshop for Children X X 
 

X 
  

X 
    

X 
  

X 
   

X 
  

X 
 

X X 
  

S260 Moderated Online Social Therapy 
 

X 
 

X 
  

X 
    

X 
  

X 
   

X X 
   

X 
  

X 

S261 
Relating Physiological Signals to 

Usability Metrics   
X X 

  
X 

  
X 

    
X 

 
X 

   
X 

  
X 

 
X 
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 Type of Tech. 
UX Data 

Source 
Locat. 

Assessed 

Application 
Eval. Artifact Assessed UX Period Type of Data Correct. Availability 

Paper ID Technology Name (a) (b) (c) (a) (b) (c) (a) (b) (a) (b) (c) (d) (a) (b) (c) (a) (b) (c) (d) (a) (b) (c) (a) (b) (a) (b) (c) 

S262 Facial Scales for Children X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X X 
  

S263 Direct Observation 
  

X X 
  

X 
    

X 
  

X 
 

X 
    

X 
 

X 
  

X 

S264 UX evaluation questionnaire X 
  

X 
  

X 
  

X 
    

X 
   

X 
 

X 
  

X X 
  

S265 Panas-X and Eye Tracking X 
 

X X 
  

X 
 

X 
     

X 
 

X 
 

X 
 

X 
  

X X 
 

X 

S266 

Tool for Automatically Triangulating 

Individuals’ Psychophysiological 

Emotional Reactions 
  

X X 
  

X 
 

X 
     

X 
 

X 
   

X 
  

X 
  

X 

S267 UX Interview 
 

X 
 

X 
  

X 
  

X 
    

X 
   

X X 
   

X 
  

X 

S268 Custom UX Questionnaires X 
  

X 
  

X 
  

X 
    

X 
   

X 
 

X 
  

X X 
  

S269 Combination of UX methods X X 
 

X 
  

X 
  

X 
   

X 
    

X 
  

X 
 

X X 
  

S270 Examination of UX reviews X 
  

X 
   

X 
   

X 
  

X 
   

X X 
   

X X 
  

S271 UEQ using Indonesian Language X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X X 
  

S272 UMUX and UMUX-Lite X 
  

X 
  

X 
 

X 
     

X 
   

X 
 

X 
  

X X 
  

S273 Biometric Storyboards Tool 
  

X X 
  

X 
    

X 
  

X 
 

X 
   

X 
  

X 
 

X X 

S274 
External Context Detector - BARAN 

framework   
X X 

  
X 

 
X 

     
X 

 
X 

   
X 

  
X 

  
X 

S275 
Emotion Classification in English 

Sentences 
X 

  
X 

   
X X 

     
X 

   
X 

  
X 

 
X 

  
X 

S276 
Neural network-based approach for user 

experience assessment   
X X 

  
X 

 
X 

     
X 

 
X 

   
X 

  
X 

  
X 

S277 UX Interview and observation 
 

X X X 
  

X 
   

X 
   

X 
 

X 
 

X 
  

X 
 

X X 
  

S278 Smile Detection 
  

X X 
  

X 
 

X 
     

X 
 

X 
   

X 
  

X 
  

X 

S279 Self-Assessment Manikin (SAM) X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X 
  

X 

S280 

mLUX: Usability and User Experience 

Development Framework for M-

Learning 
 

X 
 

X 
  

X 
    

X 
  

X 
   

X X 
   

X 
  

X 

S281 Post activity questionnaire X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X X 
  

S282 
Affective State Characterization based 

on Electroencephalography   
X X 

  
X 

 
X 

     
X 

 
X 

   
X 

  
X 

 
X X 

S283 UX Survey X 
  

X 
  

X 
    

X 
  

X 
   

X 
 

X 
  

X X 
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Footnote: 

SQ1 – Type of Technology: (a) Written Reporting, (b) Oral Reporting, (c) Observation/Monitoring 

SQ2 – Information Source: (a) Users, (b) The Development Team, (c) UX Experts  

SQ3 – Location: (a) Controlled environment, (b) Field 

SQ4 – Type of Assessed Application: (a) Generic, (b) Web Application. (c) Mobile Application, (d) Others 

SQ5 – Type of Assessed Artifact: (a) Conceptual Ideas, (b) Design Models, (c) Func. Prot. or Finished App. 

SQ6 – Assessed Period of Experience: (a) Before Usage, During Usage – Single Ep., (c) During Usage – Long Term, (d) After Usage  

SQ7 – Collected Data: (a) Qualitative, (b) Quantitative, (c) Both 

SQ8 – Supports Correction of Identified Problems: (a) Yes, (b) No 

SQ9 – Availability: (a) Available for Free, (b) Available Under a License, (c) Not Available 
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Appendix C: REX Technique 

ID Aspect Question/Answer Emotion Item Suggestion 

1 Tutorial 
How was your first contact 

with the app? 
    

1_1 No Tutorial Available 

I started Using 

How did you feel about the 

app? 

    

1_1_1   Confused  
Check whether the following problems must 
be corrected: [1_1_1_1] 

1_1_1_1    
I did not understand the 

purpose of the app 

Design Suggestions: 

Tutorials and Invitations (Use Less Text, No 

Frontloading, Make It Rewarding, Tutorials 

should be skippable, Anything conveyed in 

the tutorial should be accessible at all times) 

1_1_2   Satisfied    

1_2 Available Tutorial 

Before using, the app showed 

me an introduction of how to 

use it. 

How did you feel about the 

introduction of the app? 

    

1_2_1   Confused  
Check whether the following problems must 

be corrected: [1_2_1_1] [1_2_1_2] [1_2_1_3] 

1_2_1_1    
I did not know that I was in 

the tutorial 

Apply the following heuristic -  Visibility of 

System Status 

1_2_1_2    
I did not understand the 
tutorial of the app 

Design Suggestions: 
Tutorials and Invitations (No Frontloading) 

1_2_1_3    
I did not understand the 

words or images 

Apply the following heuristic -  Match 

between system and the real world 

1_2_2   Overloaded  
Check whether the following problems must 

be corrected: [1_2_2_1] [1_2_2_2] 
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ID Aspect Question/Answer Emotion Item Suggestion 

1_2_2_1    
It explained too much and 

not what was important 

Design Suggestions: 

Tutorials and Invitations (No Frontloading) 

1_2_2_2    
It had a lot of text, it did not 

summarize 

Design Suggestions: 

Tutorials and Invitations (Use Less Text) 

1_2_3   Stuck  
Check whether the following problems must 

be corrected: [1_2_3_1] [1_2_3_2] [1_2_3_3] 

1_2_3_1    
I was not able to test what it 

was showing 

Design Suggestions: 

Tutorials and Invitations (Make It Rewarding) 

1_2_3_2    I could not skip the tutorial 

Design Suggestions: 

Tutorials and Invitations (Tutorials should be 

skippable) 

1_2_3_3    
I wasn’t able to access it if I 

closed it 

Design Suggestions: 

Tutorials and Invitations (Anything conveyed 

in the tutorial should be accessible at all 

times) 

1_2_4   Satisfied    

2 Functionalities 

Which of the following tasks 

did you carry out in the 
application? 

    

2_1 Navigation 

I navigated through the 

application, using the menus 

and options 

How was the navigation of the 

app? 

 

 

 

   

2_1_1 Persistent Navigation 

The main menu was always 

visible in the screen 

How did you feel about the 

navigation being that way? 

    

2_1_1_1   Confused  

Check whether the following problems must 

be corrected: [2_1_1_1_1] [2_1_1_1_2] 

[2_1_1_1_3] [2_1_1_1_4] 

2_1_1_1_1    

The items in the menu did 

not show what happened in 
the app 

Design Suggestions: 

Navigation Patterns - persistent (menu 
categories have status indicators) 
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ID Aspect Question/Answer Emotion Item Suggestion 

2_1_1_1_2    

I did not understand that the 

items in the menu where for 

navigating 

Apply the following heuristic -  Consistency 

and standards 

2_1_1_1_3    

I did not know where I was 

going after using a menu 

item 

Apply the following heuristic -  Match 

between system and the real world 

2_1_1_1_4    

I did not know where I was 

when navigating through the 

application 

Apply the following heuristic -  Visibility of 

System Status 

2_1_1_2   Overloaded  

Check whether the following problems must 

be corrected: [2_1_1_2_1] [2_1_1_2_2] 

[2_1_1_2_3] 

2_1_1_2_1    

It showed items that were 

not necessary most of the 

time 

Design Suggestions: 

Navigation Patterns (Transient navigation) 

2_1_1_2_2    
I almost never used the 
menu and it occupied 

unnecessary space 

Design Suggestions: 
Navigation Patterns (Transient navigation) 

2_1_1_2_3    
It had a lot of items for the 

available space 

Design Suggestions: 

Navigation Patterns (Transient navigation) 

2_1_1_3   Satisfied    

2_1_2 Transient Navigation 

The main menu was hidden, 

unless I activated it 

How did you feel about the 

navigation being that way? 

    

2_1_2_1   Confused  

Check whether the following problems must 

be corrected: [2_1_2_1_1] [2_1_2_1_2] 

[2_1_2_1_3] [2_1_2_1_4] 

2_1_2_1_1    
It had few options and was 

empty 

Design Suggestions: 

Navigation Patterns (Persistent navigation) 

2_1_2_1_2    

I did not understand that the 

menu items allow navigating 

through the app 

Apply the following heuristic -  Consistency 

and standards 
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ID Aspect Question/Answer Emotion Item Suggestion 

2_1_2_1_3    

I did not know where I was 

going after activating a 

navigation item 

Apply the following heuristic -  Match 

between system and the real world 

2_1_2_1_4    
I did not know where I was 

after using a navigation item 

Apply the following heuristic -  Visibility of 

System Status 

2_1_2_2   Overloaded  
Check whether the following problems must 

be corrected: [2_1_2_2_1] 

2_1_2_2_1    

I was forced to access the 

menu all the time to navigate 

through the app 

Design Suggestions: 

Navigation Patterns (Persistent navigation) 

2_1_2_3   Helpless  
Check whether the following problems must 

be corrected: [2_1_2_3_1] 

2_1_2_3_1    

The menu items did not 

show what was happening in 

the app 

Design Suggestions: 

Navigation Patterns - persistent (menu 

categories have status indicators) 

2_1_2_4   Satisfied    

2_2 
Specific Functionalities 
of the Application 

I used a function of the 

application 
Which of the following 

functionalities did you use in 

the app? 

    

2_2_1 Registration 

I registered 

And how did you feel about 

your registration? 

    

2_2_1_1   Confused  
Check whether the following problems must 

be corrected: [2_2_1_1_1] 

2_2_1_1_1    
It took me to a web page 

outside the app 

Design Suggestions: 

Input Forms (Registration) 

2_2_1_2    Overloaded 
Check whether the following problems must 

be corrected: [2_2_1_2_1] [2_2_1_2_2] 

2_2_1_2_1    
I had to fill in a lot of 

information 

Design Suggestions: 

Input Forms (Registration) 

2_2_1_2_2    
It did not help me fill in the 

data 

Design Suggestions: 

Input Forms (Registration) 
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ID Aspect Question/Answer Emotion Item Suggestion 

2_2_1_3   Stuck  
Check whether the following problems must 

be corrected: [2_2_1_3_1] 

2_2_1_3_1    
It did not allow me to 

customize the app 

Design Suggestions: 

Input Forms (Registration with 

Personalization) 

2_2_1_4   Satisfied    

2_2_2 Login 

I logged in 

And how did you feel about 

the login? 

    

2_2_2_1   Helpless  
Check whether the following problems must 

be corrected: [2_2_2_1_1] 

2_2_2_1_1    

It didn’t help me if I forgot 

information or how to fill 

data 

Design Suggestions: 

Input Forms (Sign In) 

2_2_2_2   Overloaded  
Check whether the following problems must 

be corrected: [2_2_2_2_1] 

2_2_2_2_1    
I had to fill in a lot of 

information 

Design Suggestions: 

Input Forms (Sign In) 

2_2_2_3   Stuck  
Check whether the following problems must 
be corrected: [2_2_2_3_1] [2_2_2_3_2] 

2_2_2_3_1    
It did not provide an 

alternative to sign in 

Design Suggestions: 

Input Forms (Sign In) 

2_2_2_3_2    
It did not allow login in with 

an alternative registration 

Design Suggestions: 

Input Forms (Sign In) 

2_2_2_4   Satisfied    

2_2_3 Searching 

I carried out a search 

And how did you feel about 

carrying out a search? 

    

2_2_3_1   Confused  
Check whether the following problems must 

be corrected: [2_2_3_1_1] [2_2_3_1_2] 

2_2_3_1_1    
It did not provide the data in 

an organized way 

Design Suggestions: 

Search, Sort, and Filter (Search Results/View 

Results) 
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ID Aspect Question/Answer Emotion Item Suggestion 

2_2_3_1_2    

The results from the search 

did not match with what I 

was searching 

Apply the following heuristic -  Consistency 

and standards 

2_2_3_2   Stuck  

Check whether the following problems must 

be corrected: [2_2_3_2_1] [2_2_3_2_2] 

[2_2_3_2_3] [2_2_3_2_4] 

2_2_3_2_1    
It did not allow focusing the 

search in categories 

Design Suggestions: 

Search, Sort, and Filter (Scoped Search) 

2_2_3_2_2    
It did not allow ordering the 

data 

Design Suggestions: 

Search, Sort, and Filter (Onscreen Sort, Sort 

Overlay, Sort Form) 

2_2_3_2_3    
It id not allow refining the 

results or filtering 

Design Suggestions: 

Search, Sort, and Filter (Onscreen Filter, 

Filter Overlay, Filter Form, Filter Drawer) 

2_2_3_2_4    
It did not allow me to carry 

out an advanced search 

Design Suggestions: 

Search, Sort, and Filter (Search Form, Sort 
Form) 

2_2_3_3   Helpless  

Check whether the following problems must 

be corrected: [2_2_3_3_1] [2_2_3_3_2] 

[2_2_3_3_3] 

2_2_3_3_1    
It did not autocomplete what 

I was entering 

Design Suggestions: 

Search, Sort, and Filter (Search with Auto-

Complete) 

2_2_3_3_2    
It did not help me fill in the 

data 

Design Suggestions: 

Search, Sort, and Filter (Explicit Search) 

2_2_3_3_3    
It did not provide another 

way to enter da data  

Design Suggestions: 

Search, Sort, and Filter (Explicit Search) 

2_2_3_4   Satisfied    

2_2_4 
Specific Functionalities 

of the Application 

I used one of the specific 

functions of the app 

And how did you feel about 

the specific functionalities of 

the app? 
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ID Aspect Question/Answer Emotion Item Suggestion 

2_2_4_1   Confused  

Check whether the following problems must 

be corrected: [2_2_4_1_1] [2_2_4_1_2] 

[2_2_4_1_3] [2_2_4_1_4] [2_2_4_1_5] 

2_2_4_1_1    
I did not see how to finish 

the task 

Design Suggestions: 

Feedback and Affordance (Affordance) 

2_2_4_1_2    
I did not understand how the 

actions worked 

Design Suggestions: 

Feedback and Affordance (System Status) 

2_2_4_1_3    

I did not understand what 

each action would 

accomplish 

Design Suggestions: 

Tools (Toolbar, Toolbox, Inline Actions, 

Contextual Tools, Bulk Actions) 

2_2_4_1_4    
The app did not show me if I 

had finished the task 

Design Suggestions: 

Feedback and Affordance (Confirmation) 

Tools (Multi-State Button) 

2_2_4_1_5    
The app did not show the 

progress of the task 

Design Suggestions: 

Feedback and Affordance (System Status) 

2_2_4_2   Overloaded  
Check whether the following problems must 

be corrected: [2_2_4_2_1] 

2_2_4_2_1    
It had a lot of options and it 
was disorganized 

Design Suggestions: 
Tools (Toolbar, Toolbox) 

2_2_4_3   Stuck  
Check whether the following problems must 

be corrected: [2_2_4_3_1] [2_2_4_3_2] 

2_2_4_3_1    
I wasn’t able to cancel or 

drop a task 

Apply the following heuristic -  User control 

and freedom 

2_2_4_3_2    
I wasn’t able to use the app 

with the locked screen 

Design Suggestions: 

Tools (Lock Screen Controls) 

2_2_4_4   Satisfied    

2_3 Information 

I viewed information in the 

application. 

What type of information did 

you view in the application? 

    

2_3_1 Graphs 

I viewed graphs 

How did you feel about the 

graphs? 

    

2_3_1_1   Confused  
Check whether the following problems must 

be corrected: [2_3_1_1_1] [2_3_1_1_2] 
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ID Aspect Question/Answer Emotion Item Suggestion 

2_3_1_1_1    
I did not manage to 

understand the graphs 

Design Suggestions: 

Charts (Keep it simple, Sparkline) 

2_3_1_1_2    
It had no labels or footnotes 

to understand it better 

Design Suggestions: 

Charts (Integrated Legend) 

2_3_1_2   Overloaded  
Check whether the following problems must 

be corrected: [2_3_1_2_1] 

2_3_1_2_1    
They were very complex and 

had a lot of information 

Design Suggestions: 

Charts (Keep it simple, Sparkline, Surprise—

math quiz!, Integrated Legend, Thresholds) 

2_3_1_3   Stuck  

Check whether the following problems must 

be corrected: [2_3_1_3_1] [2_3_1_3_2] 

[2_3_1_3_3] [2_3_1_3_4] 

2_3_1_3_1    
I wasn’t able to filter the 

information 

Design Suggestions: 

Charts (Chart with Filters, Pivot Table) 

2_3_1_3_2    I couldn’t see additional data 
Design Suggestions: 

Charts (Overview plus Data) 

2_3_1_3_3    
I wasn’t able to view them 

well or increase their size 

Design Suggestions: 

Charts (Zoom) 

2_3_1_3_4    
I wasn’t able to Interact with 
it, it was static 

Design Suggestions: 
Charts (Interactive Timeline, Data Point 

Details, Drill Down, Interactive Preview) 

2_3_1_4   Satisfied    

2_3_2 Tables 

I viewed tables 

How did you feel about the 

tables? 

    

2_3_2_1   Confused  

Check whether the following problems must 

be corrected: [2_3_2_1_1] [2_3_2_1_2] 

[2_3_2_1_3] [2_3_2_1_4] 

2_3_2_1_1    
I wasn’t able to see the 

separation of the date 

Design Suggestions: 

Tables (Basic Table) 

2_3_2_1_2    
The headings didn’t help me 

understand the data  

Design Suggestions: 

Tables (Headerless Table) 

2_3_2_1_3    
It did not present visual 

indicators 

Design Suggestions: 

Tables (Table with Visual Indicators) 
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2_3_2_1_4    It was difficult to understand 
Design Suggestions: 

Tables (Grouped Rows) 

2_3_2_2   Overloaded  
Check whether the following problems must 

be corrected: [2_3_2_2_1] 

2_3_2_2_1    There were lots of columns 
Design Suggestions: 

Tables (Fixed Column) 

2_3_2_3   Satisfied    

2_3_3 Figures and Text 

I viewed figures and text 

How did you feel about the 

Figures and Text? 

    

2_3_3_1   Confused  
Check whether the following problems must 

be corrected: [2_3_3_1_1] [2_3_3_1_2] 

2_3_3_1_1    I wasn’t able to understand it 
Apply the following heuristic -  Match 

between system and the real world 

2_3_3_1_2    I wasn’t able to see it easily 

Apply the following heuristic -  Aesthetic and 

minimalist design 

Apply the following heuristic -  User control 

and freedom 

2_3_3_2   Overloaded  
Check whether the following problems must 
be corrected: [2_3_3_2_1] 

2_3_3_2_1    

There was a lot of 

information in the same 

screen 

Apply the following heuristic -  Aesthetic and 

minimalist design 

2_3_3_3   Satisfied    

3 Feedback 

How was the answer of the 

app when you made a mistake 

when carrying out a task? 

    

3_1  I did not make a mistake     

3_2  

I made a mistake, but the 

system did not show me any 

error messages 

  

Check whether the following problems must 

be corrected: [3_3_1_1] [3_3_1_2] [3_3_1_3] 

[3_3_2_1] 
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3_3  

I made a mistake and the 

system showed me a message 

about the error 

And how did you feel about 

the provided feedback? 

    

3_3_1   Confused  
Check whether the following problems must 

be corrected: [3_3_1_1] [3_3_1_2] [3_3_1_3] 

3_3_1_1    
I did not understand what 

was the error 

Design Suggestions: 

Feedback and Affordance (Error Messages) 

3_3_1_2    
I wasn’t able to see the 

message easily 

Design Suggestions: 

Feedback and Affordance (Error Messages) 

3_3_1_3    
It didn’t help me to correct 

the problem 

Design Suggestions: 

Feedback and Affordance (Error Messages) 

3_3_2   Overloaded  
Check whether the following problems must 

be corrected: [3_3_2_1] 

3_3_2_1    
It had a lot of information 

instead of a summary 

Apply the following heuristic -  Aesthetic and 

minimalist design 

3_3_3   Satisfied    

4 Help 
How was the app in terms of 
help? 

    

4_1  I did not need help     

4_2  

I needed help, but the 

application did not have a help 

option 

  

Check whether the following problems must 

be corrected: [4_3_1_1] [4_3_1_2] [4_3_1_3] 

[4_3_2_1] [4_3_3_1] 

4_3  

I needed help and accessed the 

available option in the 

application 

And how did you feel about 

the provided help? 

    

4_3_1   Confused  
Check whether the following problems must 

be corrected: [4_3_1_1] [4_3_1_2] [4_3_1_3] 

4_3_1_1    
It did not describe the 

functionalities 

Design Suggestions: 

Help (How-Tos, Tutorials) 
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4_3_1_2    
It did not describe how the 

app worked 

Design Suggestions: 

Help (User Guide/Help System, Feature 

Tours) 

4_3_1_3    
It did not have answers to 

frequently asked questions 

Design Suggestions: 

Help (FAQs) 

4_3_2   Overloaded  
Check whether the following problems must 

be corrected: [4_3_2_1] 

4_3_2_1    
It had a lot of information 

instead of summarizing 

Design Suggestions: 

Tutorials and Invitations (Use Less Text) 

Apply the following heuristic -  Aesthetic and 

minimalist design 

4_3_3   Helpless  
Check whether the following problems must 

be corrected: [4_3_3_1] 

4_3_3_1    
It did not have a way to 

report problems in the app 

Design Suggestions: 

Help (Capture Feedback) 

4_3_4   Satisfied    

5 Overall 
Overall, how did you feel 

about the application? 
   

   

Emotions 
Proposed by 

Scherer 

(2005) 

  

Evaluated Aspect 

 Tutorial 

 Functionalities 

 Feedback 

 Help 

 Overall 
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Appendix D: State Diagram for Applying REX 

 

 

It continues in the next page 
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