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Abstract
User Experience (UX) encompasses many and diverse variables, which contributes to making its evaluation a complextask. Self-evaluation through questionnaires is one of the most commonly used ways to evaluate UX, both in isolation andcombined with other instruments or techniques, and there are currently many standardized and validated questionnairesthat can be readily applied. Our work suggests a set of dimensions to describe different aspects of UX, and then proposesa methodology to quantify and compare how much different questionnaires emphasize each of these dimensions. Wethen select a set of ten questionnaires to exemplify the use of our methodology by comparing them in a particular casestudy. The results show that all selected questionnaires focus on only a few of the dimensions. Our research reinforcesthe importance of knowing different instruments and being able to compare them, choosing the one best suited to thecontext of use.
Keywords: Evaluation; Hedonic Criteria; Questionnaire; User Experience.
Resumo
A Experiência do Usuário (UX) abrange muitas e diversas variáveis, o que contribui para tornar sua avaliação umatarefa complexa. A autoavaliação por meio de questionários é uma das formas mais comumente utilizadas para avaliara UX, tanto de forma isolada quanto combinada com outros instrumentos ou técnicas, e atualmente existem muitosquestionários padronizados e validados que podem ser facilmente aplicados. Nosso trabalho sugere um conjunto dedimensões para descrever diferentes aspectos da UX e, em seguida, propõe uma metodologia para quantificar e compararo quanto diferentes questionários enfatizam cada uma dessas dimensões. Selecionamos, então, um conjunto de dezquestionários para exemplificar o uso de nossa metodologia, comparando-os em um estudo de caso específico. Osresultados mostram que todos os questionários selecionados focam apenas em algumas das dimensões. Nossa pesquisareforça a importância de conhecer diferentes instrumentos e ser capaz de compará-los, escolhendo o mais adequado aocontexto de uso.
Palavras-Chave: Avaliação; Critérios Hedônicos; Experiência do Usuário; Questionário.

1 Introduction

User Experience (UX) is among the chief factors used todesign, describe, or improve how users interact with asystem and feel when doing so (Rajeshkumar et al., 2013),particularly when user feedback may influence others, asin an app store (Mennig et al., 2019). UX is, therefore,

extremely important for the acceptance, engagement, andcompetitive advantage of technological products, systems,or services (Veriscimo et al., 2020; Martinelli et al., 2022).
ISO 9241 (ISO, 2010) defines UX as the perceptionsand responses from people resulting from the use of aproduct, system, or service, including all emotions, beliefs,preferences, perceptions, physical and psychological
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responses, behaviors, and accomplishments that occurbefore, during and after use (ISO, 2010). With so manyvariables, choosing instruments to evaluate UX is not asimple task.There are many ways to evaluate UX that may becombined or used in isolation, such as observation,event logs, self-evaluation through questionnaires, etc.Most evaluations, however, still focus more on userperformance criteria without assigning more importanceto criteria related to user emotions and pleasure (Veriscimoet al., 2020), which may be flawed since, according toISO 9241 (ISO, 2010), emotion is fundamental to UX.Among all these evaluation instruments,questionnaires are still used most often (Veriscimoet al., 2020). Silva et al. (2020) compare verbal andpictorial instruments and they argue that, while thelatter may have fewer issues with language and culturaldifferences, verbal instruments can usually bettermeasure feelings not so easily distinguished from eachother. Using well-designed, validated, and standardizedquestionnaires is important to facilitate reproducibility,understanding, and sharing of results. By its fixed nature,however, each questionnaire covers distinct aspects of UXwith more or less depth and that is by design since, forcertain applications, some aspects may be of much greaterimportance than others. Martinelli et al. (2022) alsoreport that, while most papers (60%) in their systematicreview discussed some form of evaluation with users,industry professionals may struggle with how to conductthese types of evaluation. Therefore, it is importantfor anyone in this area not only to be aware of theseinstruments but also of which aspects of UX each favor(or to have a procedure to evaluate these favored aspects)to use the most adequate instrument for each evaluationand application.Our goals, therefore, include:
• the definition and adoption of a set of generalUX dimensions based on previous work (genericUX, affect/emotion, pleasure/fun, aesthetics/appeal,engagement/flow, hedonic qualities, pragmatic quality,which will be discussed in more detail in Section 3);• the selection of a subset of relevant UX evaluationquestionnaires with a particular context of use in mind;• the presentation of a method to quantify dimensioncoverage in UX questionnaires (which we hope to beour main contribution) as well as their length (whichmay strongly impact certain evaluation strategies);• the application of our proposed method to thepreviously selected set of questionnaires to illustratehow the method can be applied to facilitate a betterchoice of instrument on which dimensions anevaluation should emphasize. We hope our proposedset of dimensions and the method to quantifyquestionnaire coverage of these dimensions maybe easily used to expand this analysis to moreinstruments.

Two points may require further clarification. First, oursecond goal mentions we have "a particular context of usein mind" and, indeed, the sort of analysis we propose toperform in our fourth goal must consider such a context,which will influence factors such as the dimensions that

will be more important for a given experiment and theselection of a set of questionnaires to be compared. In thispaper, we are considering the context of an experimentinvolving 3D interaction in which participants will need toanswer questionnaires multiple times and the evaluationof the hedonic quality is of great importance. While thiscontext will influence some decisions and discussions inthis paper, it is just an example and the method we proposeshould be just as applicable to numerous other contexts ofuse.The second point to clarify is that the analysis ofinstruments presented here is distinct from, and does notencompass, the evaluation of questionnaire psychometricproperties such as reliability and concurrent validity.Ideally, these analyses should have been conducted beforevalidation.
2 Related Work

Regarding UX questionnaire classification, Kocabalil et al.(2018) compared six instruments based on their coverageof ten proposed UX dimensions. Their analysis, however,focused only on speech-based interaction, and two ofthose dimensions are specific to that context and notgenerally applicable. Our work proposes a slightlysimplified set of UX dimensions. We also illustrate ourmethod by analyzing a broader and more general set ofquestionnaires than Kocabalil et al. (2018)Schrepp (2020) analyzes 40 questionnaires toestablish and compare their differences and similarities,positioning each questionnaire in a two-dimensionalscaling according to their semantic distance and groupingthem based on their coverage of certain aspects of UX.Their grouped presentation of the results, however,makes it somewhat difficult to choose a particularquestionnaire for a study based on which aspects it shouldemphasize. Our goals for this paper include applying ourmethod to the analysis of a considerably smaller set ofquestionnaires, but that allows us to discuss each in moredetail.Silva et al. (2020) also point out a lack of experimentalstudies comparing instruments to evaluate user subjectivefeelings and describe an experimental procedure tocompare UX evaluation instruments, applying it to 4 ofthem, two pictorial and two verbal, but their analysisis entirely focused only on measuring hedonic aspectof UX. Thus, it compares aspects such as accuracy anddescriptiveness of the instruments, instead of differentdimensions of UX evaluation. In their experiment, theydetermined instruments using verbal terms to be moreaccurate and suggested this may be a consequence of howwe normally refer to emotions in everyday life, throughspoken or written verbal descriptions.Kocabalil et al. (2018) and Schrepp (2020) proposethe adoption of a set of UX dimensions (also referredto as aspects, factors or criteria) to compare differentUX questionnaires. Based on these dimensions, eachquestionnaire item can be associated with one (or more)of them, depending on what the item is supposed tomeasure. In this way, questionnaires may be comparedand classified based on which of these UX dimensions they
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measure, or cover, in more detail.Regarding which dimensions to choose, Winter et al.(2015) extract what they consider the 22 most importantaspects of UX from an analysis of existing questionnaires,surveys, and discussion with specialists. Each ofthese aspects is described by a label: timeliness,adaptability, comfort, opacity, efficiency, immersion,intuitiveness, ease of use, usefulness, controllability,clearness, completeness, identity, novelty, originality,fun, stimulation, valence, connectedness, beauty, socialaspects, and trust. Not all of these aspects are relevant toall use contexts (social aspects, for instance, hardly everapply to single user experiences), and Schrepp (2020), aco-author of the previous study, uses only 16 of the 22factors in his analysis. Given this relatively large numberof factors, it is also difficult for shorter questionnaires tocover many of them in any depth.Bargas-Avila and Hornbæk (2011) identify nineUX dimensions based on a systematic literaturereview: generic UX, affect/emotion, pleasure/fun,aesthetics/appeal, hedonic quality, engagement/flow,motivation, enchantment and frustration. Kocabalilet al. (2018) agree with these dimensions but, sinceinstrumental and ergonomic factors are part of UX, addeda tenth dimension: pragmatic quality. During theiranalysis, they also discarded the enchantment dimensionsince none of the instruments in their study includeditems relevant to it. Motivation and frustration alsohad a few items related to them, possibly because thesethree are closely related to other dimensions such aspleasure/fun and affect/emotion.
3 Proposed UX Dimensions
Based on the literature discussed in the previous section,in our method, we also adopt a set of UX dimensions onwhich to base our comparison of different questionnaires.Based on which UX dimensions questionnaires cover inmore or less depth, it is possible to select which are moreadequate for a given context, since different contexts ofuse may require a more detailed evaluation of differentdimensions.As part of our study, to select a set of UX dimensionsto adopt, we analyzed the advantages and disadvantagesof the sets proposed by Winter et al. (2015), Schrepp(2020), Bargas-Avila and Hornbæk (2011) and Kocabalilet al. (2018), briefly presented in the last section. Aspreviously discussed, we believe the larger number ofaspects proposed by Winter et al. (2015) and even bySchrepp (2020) bring some disadvantages (for instance,many aspects are irrelevant to many contexts of use andshorter questionnaires can cover very few of them in anydepth) which make their use for our intended purpose,comparing the coverage of different questionnaires, lessadvantageous. So we favor the dimensions proposedby Bargas-Avila and Hornbæk (2011) and Kocabalil et al.(2018). Furthermore, we consider the latter proposal to bean improvement and evolution of the former.Therefore, we adopt a set of dimensions based on theone proposed by Kocabalil et al. (2018), but go a bit furtherand group the two dimensions shown to be least usefulin their work with those that are more closely related to

motivation and frustration are included in affect/emotionand enchantment is included in pleasure/fun. We then endup with a set of only seven dimensions: affect/emotion,pleasure/fun, aesthetics/appeal, engagement/flow,hedonic quality, pragmatic quality, and generic UX. Theseseven dimensions are discussed in more detail in thefollowing subsections and should be useful to analyzewhich aspects of UX a given instrument prioritizes. Thereis some unavoidable overlap between dimensions and anitem can pertain to more than one, but, as will be shownbelow, each has unique characteristics that we aim todifferentiate in our method of comparison.
3.1 Affect/emotion

Affect/emotion is related to feelings, and emotions,except for pleasure, fun, or enchantment, and positiveor negative affect that arise from interacting with thesystem, including feelings of frustration and motivation.Statements such as “I was happy/I enjoyed/I wasfrustrated/I felt challenged/I felt pressured [interactingwith the system].” are contemplated in this dimension. Astatement such as “I had fun with the system” would notbe included here because it is included in the pleasure/fundimension. Physical sensations, such as fatigue, wouldalso not be included, instead being part of the PragmaticQuality dimension.
3.2 Pleasure/fun

The pleasure/fun dimension includes questionsmeasuring how much or how little of these feelingsof pleasure or fun the user derived from interacting withthe system. It also includes questions regarding userenchantment or lack of it. “Using this system was fun”,“I was bored”, “I was impressed”, and “I was interested”are examples of a questionnaire item related to thisdimension. “I felt challenged” would not be included inthis dimension, instead being part of the affect/emotionand engagement/flow dimensions.
3.3 Aesthetics/appeal

The aesthetics/appeal dimension includes items thatmeasure system design and user perception of aestheticsand beauty, including the perception of creativity ororiginality in the interface. Questions related to thisdimension often directly reference apparent qualities ofthe user interface or impressions caused by these qualities.“It was aesthetically pleasing”, “It was impressive”, “Itwas creative”, and “It was original” are examples ofquestions related to this dimension. “It was easy to learn”is an example of an item that would not be included inthis dimension, instead being included in the pragmaticquality dimension.
3.4 Engagement/flow

Engagement/flow: the concept of flow, rather popularin the videogame industry, originates from psychologystudies involving challenge and/or creativity and describes
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a state in which subjects are completely engaged withwhat they are doing, being able to shut off distractionsand achieve peak performance (Frey et al., 2013). Itis often a goal for video game designers and is closelylinked to the perceived challenge of a task, which mustneither be too low nor too high for the user to achievethis state. Engagement is a quality of UX characterized bychallenge, aesthetic and sensory appeal, feedback, novelty,interactivity, perceived control and time, awareness,motivation, interest, and affect (O’Brien and Toms,2008). Questionnaire items describing an experience aschallenging (but in a positive rather than negative sense),for instance, are contemplated in this dimension, as arequestions related to user focus in the task to the exclusionof distractions. “I was focused”, “I was challenged”, “I losttrack of time”, “I was bored”, “I forgot about everythingelse around me”, and, “I thought about other things”are examples of items related to this dimension. “Itwas innovative” or “It was original” are examples ofstatements unrelated to engagement/flow.
3.5 Hedonic quality

The hedonic quality supports stimulation, communicatesidentity, and provokes memory, referring to what asystem is perceived to be, such as competent, related toother systems, special, interesting, exclusive, impressive,original, innovative, etc. (Hassenzahl et al., 2008). Thisdimension encompasses all items related to or lack ofpleasure and emotions. Thus, this dimension has asignificant overlap with the three previous dimensions,but also includes other aspects not covered by the previousones, such as “I was good at it” and “I felt good”. Theonly items not covered by this dimension would be thoserelated to the pragmatic quality, such as “I thought it wasdifficult”.
3.6 Pragmatic quality

Pragmatic quality measures the perceived capabilitiesof the system to support the execution of tasks andachievement of goals in an efficient manner, evenincluding ergonomic aspects (Kocabalil et al., 2018). Thisdimension includes most items associated with classicusability attributes such as efficiency (particularly in taskexecution), ergonomics, learnability, rememberability,error handling, etc. “The system is efficient”, “It waseasy to learn”, “It was complicated”, and “It was practical”are usual examples of questionnaire statements related tothis dimension. “It met my expectations” is an exampleof an item that would not be included in this dimension.
3.7 Generic UX

Generic UX refers to items that are not related to anyparticular aspect of UX but, instead, try to evaluate thesystem in broader, more general terms, such as “I wouldrecommend this system to other users” or “I would nottrade this product for any other”.

4 Questionnaires and their selection
This section presents considerations about how weselected a set of questionnaires to compare, as well asa brief discussion of each questionnaire thus selected,so that in the next sections we can make use of this setwhen employing and analyzing our proposed comparisonmethod.
4.1 Questionnaire Selection

In the present work, we must select set of questionnairesto illustrate and discuss the use of our proposed method,which compares them based on coverage of UX dimensions(and size). Thus, we do not necessarily need to selectsome set of “most important” questionnaires to compare,but only a moderately sized set of instruments whichare often used for UX evaluation in different contexts(including, but not limited to, the context discussed inthe end of the introduction). Furthermore, we did notintend to be as comprehensive as Schrepp (2020), mostlybecause we intend to discuss more information abouteach questionnaire. Based on these considerations, wechose a set of ten questionnaires reported to be used oftenin the UX evaluation literature (Kocabalil et al., 2018;Díaz-Oreiro et al., 2019; Veriscimo et al., 2020; Sandesaraet al., 2022), particularly in systematic reviews. Thequestionnaires included according to this rationale were:
• Two of the six discussed by Kocabalil et al. (2018). SASSI,SUISQ, MOS-X, and Paradise were disregarded as thesequestionnaires and their analysis focused heavily onlyon speech-based interaction.• AttrakDiff, UEQ and meCUE, reported as the mostrecognized instruments in a systematic review onstandardized questionnaires for UX assessment (Díaz-Oreiro et al., 2019).• Four of the five most frequently used accordingto a systematic review on UX assessment in 3Dinteraction (Veriscimo et al., 2020), two of which(UEQ and AttrakDiff) had already been included. Thequestionnaire disregarded was the SSQ, a diseasesimulation questionnaire.• UMUX, cited (along with SUS, which was alreadyincluded) in a review on mobile application designand experience (Sandesara et al., 2022) as one of theinstruments most often used to evaluate experienceand usability in that context.

So the questionnaires selected based on these paperswere: AttrakDiff, SUS, NASA-TLX, UEQ, UEQS, GEQ,MeCUE and UMUX. Because both UEQ and UEQS (a shortversion of UEQ) were included, We added the In-GameGEQ and UMUX-Lite questionnaire to the set as well,which are also shorter versions of instruments alreadyin the set. Despite opting not having included some ofthe questionnaires cited in the papers listed above, for thereasons just presented, we did analyze them using ourmethod and they did not particularly stand out in any ofour proposed dimension, cementing our decision. Beforegoing further, we present a brief overview of each of theselected instruments.
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4.2 AttrakDiff

AttrakDiff aims to measure the perception of hedonicand pragmatic qualities (Hassenzahl et al., 2003). It iscomprised of 28 items divided into three broad categories:pragmatic quality, hedonic quality and attractiveness.Each item is comprised of a Likert scale with two wordswith opposing meanings and seven gradations betweenthem, so respondents can indicate how close to eachextremity is their perception regarding that item.
4.3 SUS

SUS or System Usability Scale (Brooke, 1996) performsan evaluation focusing mostly on perceived ease of useand system learnability and includes ten items, withoutcategorization. Items are structured as statements witha five-point Likert agreement scale (which has beenconsidered less reliable than a seven-point scale).
4.4 meCUE

MeCUE (Minge et al., 2017) is a standardized questionnairemeasurement of UX. It consists of four separatelyvalidated modules which refer to instrumental andnoninstrumental product perceptions, user emotions,consequences of usage, and an overall judgment ofattractiveness, a total of 34 items. Its items are structuredas seven-point Likert scales, with one extreme referringto “strongly disagree” and the other to “strongly agree”.Fig. 1 shows one of these items.

Figure 1: MeCUE item (Minge et al., 2017)

4.5 NASA-TLX

NASA-TLX is used for subjective evaluation of workload(Hart and Staveland, 1988). It contains only sixuncategorized items structured as questions, withanswers on a 21-point scale. Fig. 2 shows one of theseitems.

Figure 2: NASA-TLX item (Pilco et al., 2019)

4.6 UEQ and UEQS

UEQ and UEQS: the User Experience Questionnaireevaluates UX with 26 items organized in six categories:attractiveness, perspicuity, efficiency, dependability,stimulation and novelty (Laugwitz et al., 2008). UEQSis a shorter version of UEQ with only eight questions.Items are structured as seven-point Likert scales betweenantonyms, such as complicated and easy. Fig. 3 shows oneof these items.

Figure 3: UEQ item (Laugwitz et al., 2008)

4.7 UMUX and UMUX-Lite

UMUX (Finstad, 2010) and UMUX-Lite (Lewis et al., 2013):The Usability Metric for User Experience is a questionnairewith four items used for the subjective assessment of userexperience. UMUX-Lite is a shorter version of UMUX withonly two items. Both with items structured as seven-pointLikert scales, with one extreme referring to "stronglydisagree" and the other to "strongly agree".
4.8 GEQ and In-Game GEQ

GEQ and In-Game GEQ, or the Game ExperienceQuestionnaire (Norman, 2013), evaluates user experiencein the particular context of assessing naturalistic gaming(i.e., when gamers have voluntarily decided to play)and thus gives a little more importance to factors suchas engagement, immersion, flow and perception ofcompetence. It includes 33 items divided in sevencategories: competence, sensory and imaginativeimmersion, flow, tension/annoyance, challenge, negativeaffect and positive affect. Items are structured asstatements about player feelings or perceptions duringthe experience, such as “I felt content”, about which theplayer selects an option in a five-point scale going from“not at all” to “extremely”. GEQ also has an “in-gameversion” (IJsselsteijn et al., 2013) with 14 questionsdeveloped to assess game experience at multiple intervalsduring a game session. GEQ may also include a socialpresence module and a post-game module that may beapplied.
5 Method
Based on the dimensions discussed previously, we proposea simple method to evaluate UX questionnaires. Ourmethod consists of 5 steps: 1) familiarization with theproposed dimensions; 2) classification of questionnaireitems; 3) confronting and resolving differences inclassification; 4) classifying by length and, finally, 5)
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Figure 4: Method to evaluate UX questionnaires
calculating coverage. We discuss each of these steps inmore detail in the following subsections. Fig. 4 shows themethod to evaluate UX questionnaires.One step that is not explicitly included in this method,but which must be accomplished before applying it, isselecting a set of questionnaires to compare. Often,researchers will already have several instruments withwhich they have experience and/or are licensed to use,and finding this set of instruments to compare is not aproblem, the set is already a given. However, for cases inwhich the selection must be made from a broader set ofinstruments, for instance, found in the relevant literature,we have provided some relevant papers in Section 2 andSection 4.1 which discuss several questionnaires broadlyused for UX evaluation. We also present in Section 4.1 ourrationale for including or discarding instruments found inthe literature (we merely discard the instruments which,based on the literature, are ill-suited to the task), whichmay serve as an example.
5.1 Familiarization with dimensions

First of all, of course, all participants should familiarizethemselves as much as possible with those dimensions,their descriptions and examples and counter-examples.Classifying each questionnaire item within thesedimensions may have a subjective component whichmakes it a complex task, which can be aggravated by anincomplete or inconsistent understanding of what eachdimension encompasses.
5.2 Item classification

The familiarization step is then followed by classifyingeach questionnaire item for all questionnaires in theselected set as being related to one or more dimensions. Weaccomplish this classification by creating a table for eachquestionnaire, with each line representing an item andthe dimensions placed in columns. For each table cell, weassign the value 1 if that item pertains to that dimensionor 0 if it does not. Table 1 shows a sample classification ofan UEQ item.Because of the somewhat subjective nature of this

classification, we recommend having the processperformed by more than one person (at least twoparticipants with knowledge of UX evaluation andfamiliarized with our proposed dimensions - in thisparticular study, we used exactly two UX researchersto perform this step). We also recommend that theclassification process be done separately by theparticipants, only allowing them to confront theirclassifications in the next step. But each participant is freeto go back to items previously classified, even in otherquestionnaires, and update their classification beforethe next step. In our experience, being confronted withnew items or certain groups of items tends to improve aparticipant’s understanding of the dimensions and it isuseful to allow the better understanding thus acquired toreflect in updating classifications done previously.
5.3 Resolution of classification differences

The next step is confronting all classifications done bydifferent participants and resolving items which wereclassified differently. In our experience, participantsagreed for most items, but there were more than afew disagreements as well. We propose having anotherperson who was not involved in the classification processto act as a judge (and in this study we did employ athird researcher to this end). For each case in whichclassifications by different participants disagree, eachparticipant explains the rationale for their classificationand the judge decides which stands. In practice, duringthe classification process we underwent while writing thispaper, we actually reached consensus every time whileexplaining the rationales for each item.
5.4 Length classification

We then classify questionnaires by length, with thosewith less than 10 items being classified as short, thosebetween 10 and 24 items as medium and those with 25items or more as long. The length obviously impacts thetime it takes to answer the questionnaire and may bean important factor to consider in certain experiments,particularly if the instrument will be used several times
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Table 1: Dimension identification for an UEQ item.
UEQ Affect/Emotion Enjoyment/Fun Aesthetics/Appeal Engagement/Flow HedonicQuality PragmaticQuality GenericUXAttractive/Unattractive 0 0 1 0 1 0 0

over an experiment’s course.
5.5 Coverage calculation

Finally, we calculate coverage for each dimension in aquestionnaire by adding up the number ‘n’ of itemsthat were classified as pertaining to that dimension anddividing ‘n’ by the total number ‘ti’ of items in thequestionnaire, normalizing this result as shown in Eq. (1).We also add up these scores for each dimension to obtain ageneral coverage value.
f(x) = n/ti (1)

5.6 How to use these results

Based on questionnaire length and coverage and knowingwhich dimensions they wish to prioritize and how oftenand for how long participants are expected to fill upquestionnaires in a given experiment, researchers canmore easily select the most appropriate instrument fromthe set they were initially considering.To illustrate this proposed procedure, we appliedit to NASA-TLX, UEQ, UEQS, GEQ, In-Game GEQ,UMUX, UMUX-Lite, SUS, AttrakDiff and MeCUE. Theidentification of dimensions for AttrakDiff and SUS wasmostly extracted from Kocabalil et al. (2018), but adaptingit to the lower number of dimensions in our study(including the enchantment dimension in pleasure/funand the motivation and frustration dimensions inaffect/emotion). We discuss these results in the nextsection.
6 Results
Following the methodology discussed previously, wepresent the results for the selected set of questionnaires.We compare questionnaires to each other in terms ofcoverage, individually and in general, and classify each bysize, based on its number of items.
6.1 Comparing questionnaires

Table 2 and Table 3 show the comparison of all analyzedquestionnaires. Each line represents a dimension andshows how many items of the questionnaire in thatcolumn are related to that dimension. Each item maybe related to more than one dimension. In parenthesisis shown a normalized percentage value, calculatedaccording to Eq. (1).Another important characteristic of a questionnaireis its length, which impacts how long it takes to fill out

during an experiment. Fig. 5 shows the number of itemsfor each analyzed questionnaire. To aid in the visualizationof this data, Fig. 6 illustrates the information from Table 2and Table 3 comparing all questionnaires based on thenormalized value for each dimension and Fig. 7 showsa radar plot comparing UX dimension coverage in thequestionnaires.

Figure 5: Items in each questionnaire
According to their length, questionnaires wereclassified as long (with 25 items or more, 4 of the analyzedquestionnaires were classified as long), medium (between10 and 24 items, 2 questionnaires) and short (less than 10items, 4 questionnaires). For each questionnaire, theirfavored dimensions were determined in the followingmanner: we assessed each questionnaire separatelyassuring an evaluation that is independent of the set ofselected questionnaires. A cutoff score was calculatedfor each questionnaire, thus, if the dimension containsmore than the cutoff score, it is considered strong. Thecutoff score was calculated as follows: the sum of therelated dimensions of all items was performed anddivided by the total number of items. For example: in theNASA-TLX questionnaire, all related dimensions wereadded up, totaling a value of 8, divided by 6 (the totalnumber of items), resulting in a cutoff score of 1.14, thus,only the pragmatic quality dimension will be consideredstrong. The Generic UX dimension was not consideredin this analysis. A final coverage score was also created,summing up the coverage for all dimensions in eachquestionnaire. Table 4 presents the results for all thesemetrics for the analyzed questionnaires.

7 Discussion
The results shown in the previous section indicate that,for our set of analyzed questionnaires, most focus their
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Table 2: Comparing analyzed questionnaires
Questionnaires (QA)Dimensions AttrakDiff1 GEQ IG-GEQ NASA-TLX SUS1

Affect/Emotion 1 (4%) 10 (30%) 5 (36%) 1 (17%) 0 (0%)Enjoyment/Fun 0 (0%) 4 (12%) 2 (14%) 0 (0%) 0 (0%)Aesthetics/Appeal 7 (25%) 2 (6%) 1 (7%) 0 (0%) 0 (0%)Engagement/Flow 16 (57%) 11 (33%) 6 (43%) 1 (17%) 1 (10%)Hedonic Quality 14 (50%) 15 (45 %) 7 (50%) 1 (17%) 0 (0%)Pragmatic Quality 7 (25%) 5 (15%) 3 (21%) 5 (83%) 9 (90%)Generic UX 0 (0%) 8 (24%) 2 (14%) 0 (0%) 1 (10%)Total number of items 28 33 14 6 10
1Adapted from Kocabalil et al. (Kocabalil et al., 2018).

Table 3: Comparing analyzed questionnaires
Questionnaires (QA)Dimensions UEQ UEQS UMUX UMUX-Lite meCUEAffect/Emotion 13 (50%) 5 (62%) 2 (50%) 1 (50%) 15 (44%)Enjoyment/Fun 5 (19%) 2 (25%) 1 (25%) 0 (0%) 0 (0%)Aesthetics/Appeal 10 (38%) 4 (50%) 0 (0%) 0 (0%) 3 (9%)Engagement/Flow 6 (23%) 2 (25%) 0 (0%) 0 (0%) 2 (6%)Hedonic Quality 17 (65%) 7 (87 %) 2 (50%) 1 (50%) 20 (59%)Pragmatic Quality 7 (27%) 2 (25%) 3 (75%) 2 (100%) 8 (24%)Generic UX 13 (50%) 5 (62%) 2 (50%) 1 (50%) 10 (29%)Total number of items 26 8 4 2 34

Table 4: Other metrics
QA Size Strong dimensions Coverage

Score

NASA-TLX Short · Pragmatic Quality 133
UEQ-S Short · Hedonic Quality 338· Affect/Emotion· Aesthetics/Appeal
UMUX Short · Pragmatic Quality 250· Hedonic Quality· Affect/Emotion

UMUX-Lite Short · Pragmatic Quality 250· Hedonic Quality· Affect/Emotion
In-Game

GEQ Medium · Hedonic Quality 186· Engagement/Flow· Affect/Emotion
SUS Medium · Pragmatic Quality 110

AttrakDiff Long
· Engagement/Flow

161· Hedonic Quality· Pragmatic Quality· Aesthetics/Appeal
GEQ Long · Hedonic Quality 167· Engagement/Flow· Affect/Emotion

MeCUE Long · Hedonic Quality 171· Affect/Emotion
UEQ Long · Hedonic Quality 273· Affect/Emotion

inquiry on only a few of the adopted UX dimensions.Having too many items in a questionnaire makes its usecumbersome, tedious and tiresome, which might help

explain why different instruments of lower length optto focus on fewer dimensions. This, in turn, reinforcesthe importance of knowing different instruments andchoosing well to use one more adequate to the interactioncontext being investigated.None of the analyzed questionnaires had a goodcoverage for all dimensions, but UEQ (and UEQ-S) had thebest coverage in this set, despite having a low coverageof the engagement/flow, enjoyment/fun and pragmaticdimensions, therefore it would be recommended fordifferent UX studies in general, as long as these threedimensions are not of great importance for those studies.AttrakDiff and GEQ (and In-Game GEQ) had the bestcoverage in engagement/flow and, in general, had similarcoverages, except for their weak points (affect/emotion forAttrakDiff and aesthetics/appeal for GEQ). Both are goodoptions, therefore, for studies investigating engagementor flow with particular interest. To investigate thepragmatic dimension, SUS and NASA-TLX showed thebest coverage in this set and would be recommended.Classical usability evaluation questionnaires tend to focuson this dimension to the almost entire exclusion of theothers and are good options for studies majorly concernedwith the pragmatic dimension.These results seem to agree with those presented bySchrepp (2020), which place AttrakDiff and UEQ in thegroup of “questionnaires with a stronger focus on non-task related or hedonic UX aspects” and SUS in the groupfocusing more strongly on pragmatic aspects. Schrepp(2020) also points out how few instruments cover a largerange of UX aspects, with the exception of a few ratherlarge questionnaires, such as UEQ+.While our set of selected questionnaires was differentenough from that discussed by Kocabalil et al. (2018)to make a direct comparison of little use, results fromboth our work and theirs do indicate many of the
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Figure 6: Comparison of analyzed questionnaires based on normalized values
same conclusions: that it is rare for a questionnaireto provide sufficient coverage across all UX dimensionsunless it is rather long and therefore less practical; thatquestionnaires may be recommended to a particular studybased on their coverage and which dimensions they favor;and, as we discuss below, that if feasible, combiningmultiple questionnaires can be very useful.

Table 5 shows recommended instruments from thisset for evaluations with more emphasis on each of thedimensions. We recommend a few options for eachdimension in order of best coverage. Based on this analysis,for the case we presented in the introduction in which ashort instrument focusing on hedonic aspects was moredesirable, we would select UEQ-S.

Figure 7: Radar plot comparing questionnaire coverage
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Table 5: Recommendations based on favored dimensions
Questionnaires

UX Dimensions Short Medium Long

Affect/Emotion
· UEQ-S · In-Game GEQ · UEQ· UMUX · GEQ· UMUX-Lite

Enjoyment/Fun · None · None · None
Aesthetics/Appeal · UEQ-S · None · AttrakDiff· MeCUE
Engagement/Flow · None · In-Game GEQ · AttrakDiff· GEQ

Hedonic Quality
· UEQ-S

· In-Game GEQ
· UEQ· UMUX · AttrakDiff· UMUX-Lite · MeCUE· GEQ

Pragmatic Quality
· NASA-TLX · SUS · None· UMUX· UMUX-Lite

Generic UX
· UEQ-S · None · UEQ· UMU · GEQ· UMUX-Lite · MeCUE

Table 6: Combining UEQ-S and NASA-TLX
QuestionnairesDimensions UEQS NASA-TLX UEQS + NASA-TLXGeneric UX 5 (62,5%)2 0 (00,0%) 5 (35,7%)Affect/Emotion 5 (62,5%)2 1 (16,7%) 6 (42,9%)2

Enjoyment/Fun 2 (25,0%) 0 (00,0%) 2 (14,3%)Aesthetics/Appeal 4 (50,0%)2 0 (00,0%) 4 (28,6%)Engagement/Flow 2 (25,0%) 1 (16,7%) 3 (21,4%)Hedonic Quality 7 (87,5%)2 1 (16,7%) 8 (57,1%)2
Pragmatic Quality 2 (25,0%) 5 (83,3%)2 7 (50,0%)2
Total number of items 8 6 14

If increasing coverage is important enough to meritincreasing questionnaire length, a combination ofinstruments could be advantageous (particularly whencombining shorter questionnaires). A combination ofUEQ-S and NASA-TLX, for instance, would increasecoverage for all dimensions compared to each individualinstrument, however, its strong dimensions will change.Table 6 presents this comparison.
8 Conclusion
In this study, we proposed and applied a method forassessing UX dimensions in standardized questionnaires,facilitating the identification of the most appropriatechoices.To do this, we selected a set of seven UX evaluationquestionnaires, proposed a division of UX intoseven dimensions (Affect/Emotion, Enjoyment/Fun,Aesthetics/Appeal, Engagement/Flow, Hedonic Quality,Pragmatic Quality, and Generic UX) and compared thesequestionnaires based on their coverage of each of thedimensions. None of the questionnaires analyzed in theset had good coverage in all dimensions, illustrating howcomplex is the evaluation of such a broad concept as UXin all of its aspects and, therefore, how important it is toconsider which dimensions are more important in eachcontext and to choose adequate instruments based on that.

UEQ and UEQ-S had the best coverage in general in thisset and would be the most adequate for studies focusingon Affect/Emotion, Aesthetics/Appeal, and HedonicQuality, i.e., not emphasizing Pragmatic Quality, in whichcase SUS and NASA-TLX would be the most adequate,or Engagement/Flow, for which we would recommendAttrakDiff, In-Game GEQ or GEQ. Considering the setof selected questionnaires, none of them stood out inthe dimension of Enjoyment/Fun. Combining morethan one of these standardized questionnaires may alsobe useful if done carefully, including an analysis of theimpact of the increased length of the evaluation. In futurework, we intend to include other questionnaires that areconsidered important and relevant in the UX evaluation,but that did not appear in our current research, such asthe QUIS questionnaire (Harper and Norman, 1993). Wealso believe that using the seven dimensions proposedhere and the procedure to evaluate and compare differentquestionnaires described in the Method section, based onthese dimensions, can be a useful contribution to the areaand a source of interesting future work, expanding thisanalysis to include more questionnaires.
As limitations, we highlight that the applicationof the method proposed in this study was conductedconsidering the seven specified dimensions and thechosen questionnaires. However, we assert that theselimitations do not detract from the significance of
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our contribution. Our selection process was based onpublications from multiple well-established authors andthe widespread adoption of the chosen questionnaires.
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