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ABSTRACT  

The System Usability Scale (SUS) is a standardized usability questionnaire that can measure the perceived 

usability of a product or system. Use of the SUS in industry has shown that usability practitioners do not 

consistently use the SUS formulation as described in the literature and that there exists a demand for shorter 

SUS alternatives. An adjusted SUS version with increased readability was created and several shorter 

usability metrics (UMUX, UMUX-lite, UMUX-liteR, CSAT, minimized SUS) were identified in the 

literature. This study aimed at investigating how their scores corresponded to those of the SUS. Surveys 

were sent out to the users of three engineering applications at a company active in the semiconductor 

industry. Results showed that SUS scores were not significantly different for people who filled out the 

adjusted compared to the original SUS formulation. Furthermore, survey results showed that the shorter 

SUS alternatives were all adequately corresponding to the SUS. Although quantitative results indicated that 

the shorter SUS alternatives were promising, interviews investigating employees’ views on and experience 

of the different formats showed that employees actually disliked the shorter formats as they did not fulfil 

their need of giving sufficient feedback. Together the results suggest that the use of the SUS with adjusted 

formulation should be favored by practitioners for stand-alone usability surveys.  

Keywords: usability, usability evaluation, standardized usability questionnaires, SUS, UMUX, UMUX-lite, 

UMUX-liteR, CSAT 
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1. INTRODUCTION 

Unclear system navigation and status, inconsistent page layout, redundant features, or the absence of a help 

button. These are all examples of frustrating attributes of computer applications. Especially in our working 

life, interacting with computer systems has become a fundamental and mandatory part. In 2000, already 

75% of all workers used computers or visual display terminals for their work (Hayes, Sheedy, Stelmack, & 

Heaney, 2007). Improperly functioning computer systems can increase cognitive load and cause mental 

stress (Aborg, Sandblad, Gulliksen, & Lif, 2003). Well-designed systems and applications with a focus on 

user-friendliness can prevent this and instead make our interactions with technology smoother and more 

pleasant. This idea is governed by the concept of usability (Jordan, 1998). Usability is described by the 

International Standards Organization as “the extent to which a system, product or service can be used by 

specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context 

of use” (ISO9241-11, 2018). This definition highlights that usability is a quality that emerges from the 

interaction of the person, the product, the task and the context (Brooke,1996). 

Usability has been extensively studied in the academic field of Human-Computer Interaction and Usability 

Engineering since the 1980s (Harper, Rodden, Roger, & Sellen, 2008; Nielsen, 1993). Focusing especially 

on constructing and describing usability inspection and testing methods (e.g. heuristic evaluation, usability 

testing). These methods are also utilized by usability practitioners in industry. When companies invest their 

resources in improving the usability of their internal or consumer products, it can include benefits such as 

higher user satisfaction and productivity, and less need for future redesign, or training and support for users 

(Rajanen, 2003).  

A cost-effective method to evaluate the usability of a system is via Standardized Usability Questionnaires 

(SUQs). Such questionnaires measure users’ perceived usability of computer systems, based on their 

previous interactions (Lewis, Utesch, & Maher, 2015; Berkman & Karahoca, 2016). It is a type of self-

reported measure. The results of SUQs are summative, meaning that they measure how a product performs 

compared to baselines of a competing product or a previous versions of the system (Bevan, 2008; Lewis, 

2014). This gives an overall indication of how the product fares compared to a required score, which can 

uncover whether re-engineering efforts are required. Repeating the SUQ can indicate whether such efforts 

have improved the usability level as desired. 

One of the most well-known SUQs is the System Usability Scale (SUS) (Brooke, 1996). It exists of ten 

alternating usability statements which participants can rate on a 5-point Likert scale and outputs a usability 

score ranging from 0-100. The SUS has been mentioned in over 1200 publications (Brooke, 2013) and was 

the utilized post-test questionnaire in 43% out of forty datasets acquired from various industrial usability 

studies (Sauro & Lewis, 2009). It is sometimes even referred to as the industry standard (Brooke, 2013).  

Despite its popularity, based on experience gained from its use in practice, the SUS could still improve. 

Firstly, in practice, the SUS items are not always used exactly as described in the literature. Usability 

practitioners tend to adjust the SUS items in order to better fit their survey. This is understandable as over 

the years the way in which the SUS is used has changed, while the SUS itself has not. Originally, the SUS 

items were developed for post-study research (Brooke, 1996), meaning the SUS would be filled out after a 

participant had performed tasks with the system. The past tense used in the items fit well with such a test-

then-measure paradigm. However, it is less applicable to how the SUS is mostly used nowadays, namely 

in remote stand-alone surveys without the preceding of a moderated interaction with the system (Kortum 
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& Bangor, 2013; Grier, Bangor, Kortum, & Peres, 2013; Pal & Vanijja, 2020). Furthermore, another reason 

practitioners sometimes simplify the original SUS item formulation is because in practice at international 

corporations or research institutes, the SUS is often distributed to non-native English speakers (McLellan, 

Muddimer, & Peres, 2012; Finstad, 2006). Previous literature (Finstad, 2006), already noted that non-native 

English speakers can have difficulty with specific words of the SUS, so simple sentences could ensure that 

all participants correctly interpret the questions. Short and simple sentences also conform better to basic 

survey guidelines (Dörnyei & Taguchi, 2009; Ellard & Rogers, 1993). So, practice shows that different 

SUS formulations are desired, however, deviating from a SUQ’s specified format can affect the results, 

possibly making them invalid (Lewis, 2014). This includes changes to the item formulation, scale steps, 

scale labels, or setting in which the questionnaire is used (e.g. post usability testing or stand-alone surveys). 

In the literature this discrepancy between the prescribed SUS’s use and its use in industry has never been 

addressed, nor has it been investigated how it affects the results. Hence, the current study will aim at 

improving the readability of the SUS by examining an adjusted SUS with easier sentence formulation and 

present tense to make it more applicable to remote stand-alone survey research and test how such a change 

affects the results.  

Secondly, in high-paced industrial environment, a shorter tool than the SUS might be desired to decrease 

UX evaluation time and costs (Borsci, Federici, Bacci, Gnaldi, & Bartolucci, 2015), especially if 

evaluations are done frequently (Lewis, 2014). Therefore, the current study will aim at decreasing the length 

of the SUS by investigating potential shorter alternatives and their correspondence to the SUS.  

In particular, this study will look at five different alternatives. Firstly, the Usability Metric for User 

Experience (UMUX), a four question SUQ that was specifically designed to work as a shorter SUS 

replacement (Finstad, 2010). The second alternative is a minimized version of the UMUX, named the 

UMUX-lite (Lewis, Utesch, & Maher, 2013). A regression adjusted formula was created based on the 

UMUX-lite scores to bring them in closer to the SUS. This was called the UMUX-liteR and is a third SUS 

alternative (Lewis et al., 2013). Although these three UMUX-related metrics have been covered a few times 

in the literature (Lewis, 2018; Berkman & Karahoca, 2016), it cannot yet be confidently concluded that 

these metrics can be interpreted with the same norms as developed for the SUS (Lah, Lewis, & Šumak, 

2020). 

The fourth potential shorter SUS candidate is the 1-question Customer Satisfaction Scale (CSAT), a tool 

that measures a user’s overall satisfaction, often used in industry (Qualtrics, n.d.). Because satisfaction is a 

component of usability, the CSAT could be able to partly explain the usability score and correspond to the 

SUS. However, up to now, its comparison to the SUS has not been tested in the literature.  

Lastly, a fifth potential SUS substitute could be a minimized version of the SUS itself. Previous research 

has already shown that there might be redundancy in the SUS (Lewis & Sauro, 2017) and the existence of 

an equally good minimized SUS has been speculated (Lewis, 2018) but never further investigated.  

These last two alternatives have not yet been addressed in any publications in the literature, nor have there 

been comparison studies of all five SUS alternatives together (UMUX, UMUX-lite, UMUX-liteR, CSAT, 

and potential minimized SUS) or studies on improving the SUS’s readability. Therefore, the current study 

will focus on improving the SUS in terms of readability and length. 

The following section includes more detailed background information on the individual SUQs (SUS, 

UMUX, UMUX-lite, UMUX-liteR, CSAT, potential minimized SUS) and their previous comparisons.  
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2. LITERATURE REVIEW 

2.1 The SUS  

The SUS (Table 1) was developed by John Brooke at Digital Equipment Corporation in 1984 (Brooke, 

1996). Over the years, the SUS has arguably become the most widely used SUQ among usability researchers 

and practitioners because it can be used without a license fee, it is relatively compact, and it has good 

reliability, validity, and sensitivity (Lewis, 2018).  

Table 1 

The Items of the System Usability Scale by Brooke (1996) 

1 I think that I would like to use the system frequently. 

2 I found the system unnecessarily complex. 

3 I thought the system was easy to use. 

4 I think that I would need the support of a technical person to be able to use the system. 

5 I found the various functions in the system were well integrated. 

6 I thought there was too much inconsistency in the system. 

7 I would imagine that most people would learn to use the system very quickly. 

8 I found the system very cumbersome to use. 

9 I felt very confident using the system. 

10 I needed to learn a lot of things before I could get going with the system.  

 

Based on a meta-analysis of more than 200 studies involving over 2300 SUS responses (Bangor, Kortum, 

& Miller, 2008), it was concluded that the SUS has good reliability (α = .91) and scale sensitivity, which 

means it is possible to differentiate SUS ratings for different interface types (e.g. cell phones, customer 

equipment, graphical user interface, Web). SUS scores also differ based on the amount of product exposure 

and product experience users have. Users who have been using the product for a longer time or more 

frequently, tend to have higher SUS scores (Borsci, Federici, Bacci, Gnaldi, & Bartolucci, 2015; Sauro, 

2011).  

The SUS also has concurrent validity with objective measures of usability, like the success rates of tasks 

(Lah & Lewis, 2016; Lewis, Brown, & Mayes, 2015; Kortum & Peres, 2014; Sauro & Lewis, 2009) and 

with other SUQs like the 50-item Software Usability Measurement Inventory (Holyer, 1993). 

Regarding its construct validity, the SUS has been developed as a unidimensional scale, measuring the 

construct of usability (Brooke, 1996). Although some SUS studies have found an underlying bidimensional 

structure consisting of two subscales: Learnability (item 4 and 10) and Usability (item 1, 2, 3, 5, 6, 7, 8, 9) 

(Lewis & Sauro, 2009; Borsci, Federici, & Lauriola, 2009), subsequent studies have not been able to 

replicate this. Instead, some studies have found a division of factors based on the positive and negative SUS 

statements (Kortum & Sorber, 2015; Lewis, Brown, & Mayes, 2015; Lewis, Utesch, & Maher, 2015; Sauro 

& Lewis, 2011). Lewis and Sauro (2017) concluded that regardless of this evidence, such a factor division 

is of little practical or theoretical interest and therefore advocated that usability practitioners interpret the 

SUS as a unidimensional scale.  
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Norms for the SUS have been established based on the abundant number of SUS scores collected for various 

products and at different phases of development. Such norms allow practitioners to interpret the SUS score 

without the need of a previous benchmark or that of a competitor. The first norms were established when 

the SUS correlated highly with an adjective rating scale, indicating that systems with scores above 70 can 

be regarded as good and scores around 85 are excellent (Bangor, Kortum & Miller, 2008, 2009).  

The correspondence of these adjectives with certain SUS scores inspired the computation of a curved 

instead of an absolute rating scale. By receiving data from Bangor et al. (2008, 2009) and Tullis and Albert 

(2008), Sauro (2011) collected over 5000 SUS scores from 446 studies. The scores were normalized using 

a logarithmic transformation and divided in percentile ranks. This resulted in an empirically grounded 

interpretation of SUS scores: the Sauro-Lewis Curved Grading Scale (Table 2) (Sauro & Lewis, 2012; 

Sauro, 2011). It ranks systems with a letter grade, making it higher in granularity than the adjective rating 

scale. The dataset by Sauro (2011) found a mean SUS score of 68, which is by design the exact center of 

the CGS (grade C).  

Table 2 

The Sauro-Lewis Curved Grading Scale (CGS) 

SUS Score Range Grade Percentile Range 

84.1 – 100  A+  96 – 100 

80.8 – 84.0  A  90 – 95 

78.9 – 80.7  A−  85 – 89 

77.2 – 78.8  B+  80 – 84 

74.1 – 77.1  B  70 – 79 

72.6 – 74.0  B−  65 – 69 

71.1 – 72.5  C+  60 – 64 

65.0 – 71.0  C  41 – 59 

62.7 – 64.9  C−  35 – 40 

51.7 – 62.6  D  15 – 34 

0.0 – 51.6  F  0 – 14 

 

Additional norms including regression equations for each of the individual SUS items as well as average 

SUS scores for different types of products (e.g. business-to-business software, mass market consumer 

software) have been published (Lewis & Sauro, 2018; Sauro, 2011). Some product types tend to have 

inherently higher or lower SUS scores, which demonstrates that in practice SUS standards should be 

adjusted depending on the evaluated application. 

Originally the SUS was designed as a post-study measurement, meaning it was intended to be filled out 

after interacting with the system under study (e.g. after usability testing) (Brooke, 1996). Over time, more 

often it has been used as a retrospective measurement in stand-alone surveys (Kortum & Bangor, 2013; 

Grier, Bangor, Kortum, & Peres, 2013; Pal & Vanijja, 2020). This entails that the SUS is filled out without 

a preceding interaction with the system, entrusting the reflective abilities of the respondent. This allows 

researchers to send out the survey online and collect more data, more cost effectively and with less effort 

(Grier et al., 2013). 
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However, looking closely at the SUS questions, it could be argued that their formulation and tense is not 

optimized for stand-alone retrospective survey research. This problem has propagated to SUS use in 

practice by practitioners changing the SUS formulation to better fit their survey. This is also due to the 

somewhat complicated formulations used in some of the items. So, the use of an adjusted SUS formulation 

with a focus on increased readability and adjusted tense could be an improvement for stand-alone surveys 

in practice, however, how such formulation changes actually affect the SUS scores, has not been 

investigated yet. This is important to investigate because any deviation from an SUQ’s format could 

potentially affect the results (Lewis, 2014).  

Some publications have already shown that the SUS is robustly resistant to wording changes. Changes from 

cumbersome to awkward or changing the word system to website does not significantly influence SUS 

scores (Finstad, 2006; Lewis & Sauro, 2009; Bangor, Kortum, & Miller, 2008). Lewis and Sauro (2011) 

also tested a SUS version with only positively stated items and found no significant differences in scores 

compared to the original SUS. Based on these findings it is expected that SUS simplification and tense 

adjustments would not significantly affect the scores.  

Besides its readability, the SUS has been criticized on three other aspects (Finstad, 2010). Firstly, the SUS 

uses a 5-point answer scale, while studies have argued that seven-point scales are superior in reliability, 

accuracy, and ease of use (Diefenbach, Weinstein, & O'Reilly, 1993; Cox III, 1980). Secondly, content 

wise it is argued that the SUS does not properly map onto the usability components of ISO 9241-11 (i.e. 

effectiveness, efficiency and satisfaction). Finstad (2010) mentioned this as a critical drawback because the 

characteristic inability of such instruments to reveal the exact usability problems, makes it even more 

important to know which usability factors are measured in a questionnaire. Lastly, the SUS only evaluates 

usability of product use. If a measurement of overall user experience is needed, which encompasses all 

product lifecycle stages, it would require several lists of questions of which the SUS would be one 

measuring the usability component. In such cases, the SUS with ten questions could be too long (Finstad, 

2010). 

Therefore, Finstad (2010) developed a replacement that solved the beforementioned SUS concerns: the 

Usability Metric for User Experience (UMUX).  

2.2 The UMUX and variants 

The UMUX has only four alternating items and a seven-point Likert answer scale. Table 3 shows the items 

included in the UMUX. UMUX scores are calculated in a similar way as the SUS, although adjusted with 

a different multiplier to make the scores range from 0-100.  

Table 3 

The Items of the Usability Metric for User Experience by Finstad (2010) 

1 The system’s capabilities meet my requirements. 

2 Using the system is a frustrating experience. 

3 The system is easy to use. 

4 I have to spend too much time correcting things with the system. 
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Question 1, 2, and 4 of the UMUX each relate exactly to one of the usability components of ISO 9241-11 

(i.e. effectivity, efficiency, and satisfaction) and the third question is a general ease of use question, similar 

to the Single Ease Question (SEQ) “Overall, how difficult or easy did you find this task?” (Sauro, 2012).  

Finstad (2010) tested the alignment of the UMUX with SUS scores using a mixed design (questionnaire 

type: within-subject, system type: between-subject). The UMUX was found to be unidimensional, to have 

high internal reliability (α = .94), to have high correlation with the SUS (r = .96), and it was able to detect 

differences between the two systems tested in the experiment, proving its sensitivity.  

However, after its publication, the UMUX has been criticized on several points by other academics. Firstly, 

although it was admitted that the UMUX can be practically useful for practitioners who need a shorter 

instrument, it was questioned whether it actually saves time from ten to four items (Lewis, 2013). Other 

stated drawbacks of shortening the questionnaire were inherent lower reliability due to fewer possible scale 

steps (Lewis, 2013) and bigger impact of coding errors as fewer items make up the final score (Bosley, 

2013).  

Furthermore, the exact mapping of the UMUX questions onto to the components of usability (effectivity, 

efficiency, and satisfaction) was expressed as a downside, because it might reveal the intention of the 

questionnaire and could bias participants to fill out socially desirable answers (Cairns, 2013). The scores 

also showed substantial standard deviations in comparison to the original score range. Because products 

scoring on the extreme ends of the usability scale can already be classified by experts, SUQs are most 

interesting for usability differences of middle range systems. This is also where most systems actually fall. 

Therefore, such high SDs could make the UMUX of little help, impairing the scores’ usefulness (Bosley, 

2013).  

Another comment about the UMUX score was that it is of little value because its one-dimensionality 

simplifies the multidimensional nature of the concept usability. Such scores fail to tell us how to repeat the 

success or fix the failure if we have the measurement (Cairns, 2013). Finstad (2013) responded to this 

comment by stating that the UMUX is fundamentally not a diagnostic tool and neither is the SUS. Meaning 

that their purpose is indeed not to find usability problems, for which there are other designated methods 

developed. Instead, such SUQs are used as summative tools, providing a measurement before or after a 

design change or to examine usability status before assigning usability experts and re-engineering effort to 

a system.  

2.2.1 The UMUX-lite and UMUX-liteR 

Lewis et al., (2013), suggested that the high reliability coefficient found by Finstad (2010), could indicate 

redundancy of items. Hence, the efforts of Finstad (2010) were replicated and it was investigated whether 

the UMUX could potentially be further minimized (Lewis et al., 2013). A bidimensional structure was 

found, divided over the positively and negatively stated items. Based on this factor structure, it was decided 

to leave out the negative items, resulting in the UMUX-lite (Lewis et al., 2013). This was based on the 

primary reason that the remaining two positive items mapped well onto the variables Perceived Usefulness 

and Perceived Ease of Use from the Technology Acceptance Model by Davis (1989). This model describes 

that the Perceived Usefulness and Perceived Ease of Use of a product determine the behavioral intention of 

using the product and in turn the actual use.  
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Lewis et al. (2013) showed that the UMUX-lite had good reliability (α = .83) and concurrent validity to the 

SUS (r = .81). However, there was a small statistical difference between SUS and UMUX-lite scores. 

Therefore, a linear regression was applied to the UMUX-lite to bring the scores into closer correspondence 

with the SUS. This was called the UMUX-liteR and its regression adjusted formula restricts the scores onto 

a range between 22.9 - 87.9.   

UMUX-liteR = 0.65 * (UMUX-lite) + 22.9 

In a follow-up study, the UMUX-liteR formula was tested on an independent dataset and results showed 

that the UMUX-liteR had similar reliability and correlation to the SUS as the UMUX-lite (Lewis, Utesch, 

& Maher, 2015). However, it was not yet recommended to use the UMUX-lite and UMUX-liteR 

independently of the SUS until a stronger foundation for their reliability, validity, sensitivity was built by 

collecting and analyzing more data across a wider variety of systems and research methods (Lewis et al., 

2013, 2015). 

2.2.2 Usability scale comparisons 

In the following years, studies started with forming an independent database of UMUX (and variants) 

scores. The UMUX, UMUX-lite, and UMUX-liteR were recorded alongside the SUS in studies testing the 

usability of an eLearning web platform (Borsci, Federici, Bacci, Gnaldi, & Bartolucci, 2015), four different 

IBM products (Lewis, Utesch, & Maher, 2015), online word processor applications and web-based mind 

mapping applications (Berkman & Karahoca, 2016), hardware, software, and documentation of one’s 

primary computer system (Lewis, 2018), Excel, Word, Amazon, Gmail (Lewis, 2019), PowerPoint, Gmail 

and IBM notes (Lah, Lewis, & Šumak, 2020).  

Altogether, these papers showed promising psychometric results, reporting once again high correlations 

between the SUS and UMUX as well as between the SUS and UMUX-lite. When combining the results of 

the original papers (Finstad, 2010; Lewis, Utesch, & Maher, 2013; Lewis, Utesch, & Maher, 2015) with 

the results of succeeding studies (Borsci et al., 2015; Lewis et al., 2015; Berkman & Karahoca, 2016; Lewis, 

2018; Lewis, 2019; Lah et al., 2020), the absolute mean differences between the SUS and the UMUX and 

variants all remained within three SUS points.  

For the 2-question metrics, the UMUX-lite and regression adjusted UMUX-liteR, there is still discussion 

which one has the closest correspondence to the SUS. Some results have indicated superiority of the 

UMUX-lite (Berkman & Karahoca, 2016), others that of the UMUX-liteR (Lewis, 2018). Most recent 

papers concluded that the difference might be dependent on whether the product has below or above average 

usability (CGS grade B+). For lower than average SUS score products, both versions seemed to perform 

similarly. While for average and higher levels of perceived usability score products, the UMUX-liteR scores 

deviated more from the SUS whereas the UMUX-lite scores didn’t (Lewis, 2019; Lah, Lewis, & Šumak, 

2020). It was concluded that this could be due to the restricted range of the regression adjusted UMUX-

liteR.  

Using ANOVAs, the UMUX and variants showed similar sensitivity to duration of product exposure, 

frequency of use, and self-reported expertise as the SUS (Lewis, Utesch, & Maher, 2015; Lewis, 2019; 

Borsci, Federici, Bacci, Gnaldi, & Bartolucci, 2015), with the scores increasing for more experienced usage 

characteristics. Sensitivity of UMUX and variants to different systems/products was also equal to the SUS, 



IMPROVING THE SUS FOR USABILITY EVALUATION IN PRACTICE 13 

but only for dissimilar scores (Berkman & Karahoca, 2016). When the usability differences became small, 

the SUS was still able to detect differences, while the UMUX and variants were not.  

Some of these previous studies had minor limitations, which were recommended to be addressed in future 

works. The limitations included using a different language SUS (Italian / Slovenian) (Lah, Lewis, & Šumak, 

2020; Borsci, Federici, Bacci, Gnaldi, & Bartolucci, 2015), using only student population (Borsci et al., 

2015), using the positive SUS, and using within-participant design without randomizing the SUQ order 

(Lewis, 2018).  

Despite the good effort of previous studies collecting SUS and UMUX-related metrics data from different 

products, it is still mentioned that replication with other user populations and products, performed by other 

researchers, could enhance the generalizability of the findings (Lewis, 2019; Lah, Lewis, & Šumak, 2020). 

Specifically, to strengthen the possibility of interpreting the UMUX (and variants) using the Sauro–Lewis 

Curved Grading Scale. Until then, researchers and practitioners should be cautious using the Sauro–Lewis 

CGS for metrics other than the SUS. Therefore, the current research will concurrently collect SUS and 

UMUX-related metrics to further generalize the findings and contribute to verifying their correspondence.  

2.3 CSAT and minimized SUS 

Besides the UMUX and variants, there are two other possible shorter SUS substitutes. Firstly, the Customer 

Satisfaction scale (CSAT). A tool used in industry to measure how satisfied customers are with a products 

or service (Qualtrics, n.d.). It includes one question: ‘How would you rate your overall satisfaction with the 

[goods/service]?’. Participants can respond on a five-point scale ranging from 1 (vary unsatisfied) to 5 

(vary satisfied). The proportion of satisfied customers (responses of a 4 or 5) can be an indication of 

customer retention. The CSAT is used in industry but has not yet been compared to the SUS in the scientific 

literature, as it is not an established scientific metric nor a SUQ. However, it could be promising because 

satisfaction is a component of ISO 9241-11 (i.e. effectiveness, efficiency and satisfaction), making it 

possible that the CSAT explains part of the variance in usability. Hence, the current study will investigate 

and compare the CSAT as a short alternative for the SUS.  

Lastly, an alternative to the SUS could be a minimized version of the SUS itself. In previous studies it was 

already shown that removing one arbitrary SUS item, does not substantially affect the SUS score (Lewis & 

Sauro, 2017) nor does removing items 2 and 8 (Lah & Lewis, 2016). Lewis (2018) recommended the 

investigation of a possible shorter SUS, however, since then no such attempts have been recorded in the 

literature.  

Which one of these five possibilities (UMUX, UMUX-lite, UMUX-liteR, CSAT, and potential minimized 

SUS) would be the best SUS substitutes is still unclear and has not been reported in the literature. Therefore, 

the current study will add to the existing literature by comparing the SUS with the UMUX and variants as 

well as with newly proposed shorter options: the CSAT and a possible minimized SUS. This will be done 

in a new research context with new user populations, namely for in-house engineering enterprise 

applications. Such applications can rapidly implement new changes, giving them the need for quick and 

easy usability evaluation. Hence, shorter substitutes tested in this study could be valuable for usability 

practitioners to consult if the usability outcomes are the same as those of longer questionnaires.  

  



IMPROVING THE SUS FOR USABILITY EVALUATION IN PRACTICE 14 

3. RESEARCH AIMS  

To summarize, the overall research aim of this thesis is to improve the SUS from two perspectives. These 

two perspectives are described in two separate goals.  

The first research goal is to compare the original SUS questionnaire with an adjusted version that has shorter 

sentences (improved readability) and uses present tense (increased applicability to survey research instead 

of post-study research). The original SUS was rewritten by the researchers of this thesis to create the 

adjusted version. It was the intent to keep the meaning of the items the same while focusing on the 

readability of the sentences and applicability to survey research. The adjusted and original SUS 

formulations can be found in Appendix A. 

The second research goal of this study is to compare shorter usability measurement tools to the field’s 

standard, the original SUS, and investigate how well they correspond and whether they could be used as a 

SUS replacement. The alternatives addressed in this report are the UMUX, UMUX-lite, UMUX-liteR, 

CSAT, as well as a potential minimized SUS version. Little investigation into the comparison of all five 

has been done and results could be of practical importance because the same usability evaluation as with 

the SUS and the use of its norms could potentially be achieved with a more efficient measurement (Lah, 

Lewis, & Šumak, 2020).  

The research goals are captured in the following research questions: 

RQ1: How do the scores of an adjusted SUS version with present tense and sentence simplification 

correspond to scores from the original SUS? 

 

RQ2: How does the UMUX (and variants) correspond to the SUS as a metric for usability for in-

house engineering enterprise applications? 

a) How does the UMUX (and variants) correspond to the SUS in terms of reliability, concurrent 

validity, sensitivity and dimensionality? 

RQ3: How does the CSAT correspond to the SUS as a metric for usability for in-house engineering 

enterprise applications? 

a) How does this CSAT compare to the SUS, UMUX and variants and minimized SUS in terms of 

sensitivity, and concurrent validity with the SUS? 

 

RQ4: How could the SUS metric be shortened, while maintaining its statistical strength as a 

standardized questionnaire?  

a) How does this minimized SUS compare to the SUS, UMUX and variants and CSAT in terms of 

reliability, construct validity, sensitivity, and concurrent validity with the SUS? 

 

The main research methodology that previous research has used when researching the SUS and its 

alternatives has been quantitative research methods (Lewis, 2018; Borsci, Federici, Bacci, Gnaldi, & 

Bartolucci, 2015; Berkman & Karahoca, 2016; Lewis, 2018; Lewis, 2019; Lah, Lewis, & Šumak, 2020). 

This research will continue this line of work by answering RQ1 to 4. In addition, this research will 

complement the existing literature by investigating the SUS and its alternatives from a qualitative 

perspective. This entails, examining how people view and experience the SUS and its alternatives. To our 
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knowledge, this is the first study to attempt at gaining a better and more complete understanding of how 

the SUS and its alternatives relate to one another from both the traditional statistical perspective and from 

the user’s perspective. This led to the following last research question:  

 

RQ5: What are people’s views on and experiences of the SUS and its alternatives? 

The research goals are achieved by conducting survey and interview research (mixed methods). Mixed 

methods can create a more complete picture on whether an adjusted SUS is a sufficient alternative from 

both the quantitative as qualitative perspective. This entails that besides finding a good statistical SUS 

substitute, the users should understand and should be satisfied with the alternative. The mixed methods 

research design can increase the accuracy of the data and avoid biases present when using individual 

methods.  
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4. METHOD 

In order to meet the main research aim of improving the readability and length of the SUS, the current study 

was conducted using a mixed methods approach. This is a pragmatic based approach that combines 

quantitative and qualitative methods in the same research project, with a focus on the use of triangulation, 

the order of the methods and the added value created by the sum of its parts (Denscombe, 2008).  

First, surveys including the different SUQs (SUS, UMUX, and CSAT) were sent out to collect sufficient 

responses to each of the SUQs. This was followed by semi-structured interviews to look closer at people’s 

views and experiences regarding each of the SUQs, their interpretation of the questions, and their 

expectations regarding usability surveys in general. To prevent a potential bias of the survey results on the 

interview analysis, the interview data was analyzed first.  

This study was approved by the Ethical Review Board of the Human-Technology Interaction department 

in Eindhoven. 

4.1 Surveys 

Cross-sectional surveys were simultaneously conducted for three internal engineering applications at a 

company active in the semiconductor industry. Three applications were chosen because this would increase 

the amount of data that could be collected, it allowed for testing the sensitivity of the usability metrics to 

different applications, and it increased the generalizability of the results by covering different user 

populations (external validity).  

Application 1 is used for the impact analysis of engineering changes, application 2 is used for searching 

information regarding technical parts, and application 3 is used for product deliverable reporting. 

Specifically these three applications were chosen because they have large user populations and they needed 

to be renewed in the future, thus allowing the collected measurements to function as summative 

assessments.  

The surveys were administered online via the platform Microsoft Forms. Participants were exposed to the 

SUS, UMUX, and CSAT in randomized order. For the SUS, participants received either the original SUS 

or a slightly adjusted version with increased readability. The rationale behind this design was not for 

classical hypothesis testing as there was no manipulation of variables with the intention of finding varying 

effects on a dependent variable. Instead the three questionnaire types were shown within participants to 

increase the amount of data acquired and the two versions of the SUS were shown between participants to 

avoid confusion or frustration created by the repetition of almost the same set of questions.  

This survey design allowed for sufficient data to be collected to look at the characteristics (reliability, 

dimensionality) of the individual SUQs, the relations between the SUQs, and whether a meaningful 

difference between their item scores and total scores could be detected. Before conducting the survey, the 

survey was piloted with two users and six UX specialists.  

4.1.1 Power analysis  

The sample size required to conduct the surveys was based on a 20+:1 subject-item ratio needed for 

exploratory factor analysis (Costello & Osborne, 2005). Based on these recommendations, the current study 
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aimed at getting at least one hundred responses from each of the three applications, to obtain a total sample 

of at least N = 300, sufficing the 20:1 subject-item ratio for the SUS (10 items) and UMUX and variants (4 

and 2 items). A sample of N = 300 would also suffice an a priori power analysis for a one-way ANOVA 

(effect size = .25, α = .05, β = .95, and 4 groups) which would require a sample size of 280. In the current 

study, an ANOVA was used to detect significant differences in usability scores for the application type, 

and frequency and duration of use. This allowed to check whether the shorter SUS alternatives (UMUX 

and variants, minimized SUS, CSAT) could detect the same statistical differences in usability score as the 

SUS, meaning they would have similar sensitivity. Note however, because this research aimed at finding 

shorter and more readable equivalents of the SUS, the actual outcome of the usability scores and which app 

performs better was not of interest, merely whether the scores were similar across the SUS and its 

alternatives.   

4.1.2 Participants 

The target populations were all the users of application 1, 2 and 3. Users were defined as people who had 

logged into the application at least once during the 6 months before conducting the survey. The email 

addresses of these people could be retrieved for application 2 and 3. However, this exact procedure was not 

possible for application 1, therefore the email addresses of the users of a mother application of application 

1 were retrieved. This mother application assists the bigger process of which application 1 is a part of. It 

was estimated by the company’s team that the user population of the mother application would be similar 

or at least cover that of application 1. 

Altogether, 5543, 8962, and 1766 users were identified for application 1, 2, and 3 respectively (11.320 

unique users). All of them were invited to partake in the usability survey to share their opinion on the 

respective application. Initially 581 (app 1), 1140 (app 2), and 131 (app 3) users responded. After checking 

data quality, deleting cases in which participants had either never used the application or had not filled out 

the SUQs, 1816 (11%) participants remained. The division of the participants over the applications and 

SUS conditions as well as some characteristics of the participants are given in Table 4. Participants were 

randomly selected to fill out the original or adjusted SUS version, but as survey participation was voluntary, 

the final sample of participants was not completely random.  

4.1.3 Measurements 

SUQs 

The original SUS, UMUX, and CSAT were copied from their original sources and shown in random order 

(Brooke, 1996; Finstad, 2010; Qualtrics, n.d.). The six possible SUS, UMUX, and CSAT sequences could 

not be tracked by the survey platform (Microsoft Forms) and therefore this was not controlled for in the 

analysis. 

Experience with the application  

Experience with the application was evaluated using two measurements: frequency of use and duration of 

use. Frequency of use is known to influence SUS scores (McLellan, Muddimer, & Peres, 2012). Hence, 

participants were requested to rate their frequency of use on a five-point scale (1 = a few times per day, 5 

= never). Upon choosing never, participants were requested to stop the survey, as the following usability 

questions were not possible to answer for non-users. To measure duration of use, participants were asked  
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Table 4      

The Division of Participants over the SUS Formulations, Their Application Usage Characteristics, 

and Location 

  App 1 App 2 App 3 Total 

SUS formulation Original 272 575 54 901 

 Adjusted  285 560 70 915 

Freq of application use Daily 136 542 2 680 

 Weekly 236 413 23 672 

 Monthly 145 150 64 359 

 yearly 40 30 35 105 

Duration of application use 0 - 3 months 22 29 5 56 

 3 - 6 months 55 51 8 114 

 0.5 - 1 years 150 102 26 278 

 1 - 3 years 294 493 54 841 

 3 - 10 years 35 389 31 455 

 10+ years 0 70 0 70 

Work location Europe 447 803 105 1355 

 USA 97 215 15 327 

 Asia 9 113 2 124 

Total   554 1138 124  

 

to indicate how long they had been using the application. This was measured on a five- or seven-point scale 

to make the scale in accordance with the time the app has been in existence (1 = 0 – 3 months, 5 = 3+ years, 

7 = 10+ years).  

Participant characteristics 

To get an idea of the characteristics of the participants, time working at the company was measured on a 

five-point scale (1 = 0 – 6 months, 5 = 10+ years) as well as work location (1 (Europe), 2 (United States), 

3 (Asia), 4 (other)). In addition, work sector, business line, and role were acquired and used for analysis at 

the company but are left out of this report due to confidentiality agreements.  

No additional demographics were recorded due to privacy regulations of the company and because they 

were not crucial for the research aims. However, the acquired samples could be described based on the 

sector and characteristics of the company. Users of these applications and thus the respondents of the survey 

can be described as highly educated with a technical background. The majority of employees is male and 

they come from various, but mainly Western, cultural backgrounds. 

The complete survey using the original SUS formulation can be found in Appendix B. 

4.1.4 Procedure 

Participants were approached via an invitation email which included the goal, the duration, and the closing 

date and time of the survey, as well as a screenshot of the application. Upon clicking a “Begin the Survey” 

button provided in the email, participants were sent to the Microsoft Forms platform. The survey started 

off with an introduction and an informed consent (Appendix B/D). Participation was voluntary, anonymous 
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and participants were given the opportunity to write down a personal pseudonym to be able to request 

deletion of their data within 3 days after completing the survey.  

The survey took approximately 10 minutes and ended with a thank you note and debriefing on the 

comparison of the three usability questionnaires. In the invitation email, survey introduction, and the thank 

you message, the participant was given the opportunity to ask questions or give additional comments via 

an anonymous comment form or by emailing the researcher. Participants were not compensated for their 

participation other than the employees’ normal salary if they would fill out the survey during working hours.  

To ensure a comparable number of respondents in both the original SUS and adjusted SUS condition, the 

original estimated user populations were randomly split into two clusters containing 75% and 25% of the 

user population. First, the 75% cluster was invited to participate in the survey while randomly assigning 

half to the original SUS and half to the adjusted SUS. After four days the response rate across SUS 

conditions was evaluated and in order to achieve balance across conditions, the remaining 25% of users 

were randomly assigned to the SUS conditions based on the inverted proportion of the response rate 

observed from the first 75% cluster. 

4.1.5 Data analysis  

Survey data was analyzed using RStudio (Version 1.1.456 – © 2009-2018 RStudio, Inc). 

First, the scores of the SUS and its alternatives were calculated according to the formulas as described in 

their original papers (Brooke, 1996; Finstad, 2010; Lewis, Utesch, & Maher, 2013). 

 SUS = ( (SUS1 + SUS3 + SUS5 + SUS7 + SUS9 – 5) +  

(25 – SUS2 – SUS4 – SUS6 – SUS8 – SUS10) ) * 2.5 

UMUX = ( (UMUX1 + UMUX3 – 2) + (14 - UMUX2 – UMUX4) ) *  
100

24
 

UMUX-lite = (UMUX1 + UMUX3 – 2) * 
100

12
 

UMUX-liteR = 0.65 * UMUX-lite + 22.9 

 

 

Next, statistical tests were conducted to answer this study’s research questions. Before each test the 

corresponding assumptions were checked. Violation to assumptions as well as detected outliers are 

separately reported before each test in the results section to preserve clarity for the reader as there were 

relatively many tests.  

The correspondence between the adjusted and original SUS scores was evaluated using independent t-tests 

and corresponding effect sizes to assess whether there would be a significant difference between the overall 

mean scores. Same was done for each of the individual SUS items to see if there were significant differences 

between the adjusted and original scores on item level. Because this requires many statistical tests, to which 

the p-value is not robust, permutation testing was used as an additional non-parametric check.  

Permutation testing is a method that finds the distribution of the test statistic (e.g. observed difference 

between groups) under the null hypothesis by creating numerous permutations which are random 

rearrangements of the data and plotting the test statistic found in each of the permutations. Based on the 

permutations null distribution, it can be assessed whether the observed difference in the original sample is 

uniquely different. The proportion of the permutations with an absolute difference equal or greater than the 

original observed difference can be calculated and counts as the “p-value” of the permutation test. If the 
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proportion is smaller than the significance level (i.e. α = .05), it can be concluded that finding the observed 

difference is unlikely under the null distribution. For the overall score as well as each of the items, 5000 

permutations were calculated to create the null distribution plots which were compared with the observed 

differences in the original sample.  

For the items that showed a significant difference in adjusted and original score, permutation testing was 

repeated with smaller samples. This was done to test whether in smaller samples, which are more often seen 

in SUS studies, the significant difference would still be detected. Big sample sizes, as acquired in this study, 

can find significant but very small effects that have little practical relevance. Hence, permutation tests were 

also conducted with sample sizes of n = 326, which is approximately the mean sample size of SUS studies 

between 2010 and 2019 (Lewis, 2019).  

To evaluate how well the shorter SUS alternatives corresponded to the SUS and to assess which one would 

the best substitute, the alternatives were evaluated on several aspects. The alternatives were tested on scale 

reliability (Cronbach’s alpha), their concurrent validity with the SUS (Pearson correlations), and their 

sensitivity to other variables like type of application and frequency of use (one-way ANOVAs). 

Furthermore, the differences in mean scores were assessed using paired t-tests and permutation testing 

(50.000 permutations). As the CSAT consists of only one question on a five-point scale, which is not 

comparable with the other SUQ’s scales on a 0-100 range, it was excluded from the mean difference and 

Cronbach’s alpha calculations. Lastly, it was inspected whether all items loaded on the same factor (factor 

analysis) which could assess whether the items measure the same underlying construct; usability. In order 

to perform factor analysis on the items of the SUS, UMUX, and CSAT combined, the UMUX items were 

translated from a seven- to a five-point scale based on formulas by (Colman, Norris, & Preston, 1997). 

The same tests were conducted to assess the correspondence of the SUS with a potential minimized SUS. 

The multiplier in the calculation of the minimized SUS scores was adjusted to the number of items.  

4.2 Interviews 

4.2.1 Design  

The interviews focused on the participants’ views on and experiences of the SUS, UMUX, UMUX-lite, and 

CSAT and were semi-structured to allow flexibility by the interviewer. Topics addressed in the interviews 

were views on application usability in general, first impressions of the survey formats, views on the length 

and quality of the formats, and comparing and assessing the formulation of the different formats (the 

interview guide can be found in Appendix C). The interviews were conducted via Microsoft Teams and the 

participant was requested to share their screen which was recorded together with audio for later 

transcriptions. All interviews were conducted by the same researcher and lasted approximately 45 minutes 

each. The interview procedure was piloted with two people.  

4.2.2 Participants  

Out of the user email lists of application 1 and 2 acquired for the surveys, fifty people were randomly 

selected (25 from each application). These people were selected to receive an interview invitation instead 

of the survey invitation so that they could participate in the interview without having seen the questionnaires 

beforehand. Nine out of the 42 people who were sent an invitation, agreed to participate in an interview. 

Table 5 summarizes the characteristics of the interview participants. Although interview participants were 
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supposed to see the survey formats for the first time, one participant (P7) happened to have filled out the 

survey for application 3 before participating in the interview. 

Table 5 

Characteristics of the Interview Participants 

Participant Role Application Usage Native language Other languages 

1 Design Engineer 1 Weekly  Dutch English (German) 

2 Expert Manager 2 Daily  Dutch English (German) 

3 Functional Architect 2 Monthly  Dutch English (German) 

4 Product Line Manager 1 Daily  Dutch English (Spanish) 

5 Industrial Engineer 

1 

Daily  Dutch English, 

(German, French, 

Spanish, Russian) 

6 Mechanical Engineer 1 Monthly  Dutch English (German) 

7 Project Lead 2 Weekly  French English 

8 Group Lead 
2 

Monthly  American 

English 

(Spanish) 

9 Production Engineer 2 Daily  British English Irish 

Note. other languages between brackets indicate that the participant did not speak them fluently.  

The sample size for the interviews was based on sample sizes for usability tests, because part of the 

interview was to observe whether participants could use the survey formats without complications. 

Research by Virzi (1992) shows that usability testing with five participants allows usability researchers to 

detect 80% of the usability problems. Problem detection saturates around ten participants, where additional 

testing does not add significant new information to the already encountered problems. Based on these 

recommendations, it was aimed to interview 5-10 participants.  

4.2.3 Procedure  

Before the start of the interview, participants were requested to sign informed consent (Appendix D). Once 

informed consent was received, the interview began with an introduction to the goal and procedure of the 

interview as well as a short introduction of the researcher. After potential questions were answered, the 

participants were asked introductory questions about their role and time working with the application. Next, 

to get into the topic of usability, the participants were requested to name what in their opinion makes a 

system usable and user-friendly. After that, they were requested to fill out each of the three questionnaires 

(SUS, UMUX, CSAT) in randomized order. This was the first time they saw the questions (except for P7) 

and was done to ensure that they would at least read every question once. This was followed by survey 

specific questions regarding their first impressions, potentially missing questions, and readability and 

clarity of individual questions. To aid this process an online whiteboard (Figure 1) was used on which the 

interviewee could easily see, compare, and discuss each SUQ. The interview finished by giving the 

participant room to share final thoughts and a debriefing. Participation was voluntarily and without 

compensation other than the employees’ usual pay as the interviews were conducted during working hours.  
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Figure 1. The Microsoft whiteboard set-up used during the interviews. Participant and researcher could 

move and zoom into each of the components on the whiteboard. Parts of the whiteboard were blurred for 

confidentiality reasons. (1) a screenshot of the application discussed during the interview. (2) indicated that 

participants could think of the application while discussing the concept of usability. (3) a clickable link to 

the survey formats. (4) the first three survey formats that were discussed. Red: UMUX. Blue: SUS with 

original formulation. Green: CSAT. (5) additional survey formats that were discussed. Purple: UMUX-lite. 

Yellow: SUS with adjusted formulation.  

4.2.4 Thematic analysis 

Data was analyzed according to the 6-phase approach to thematic analysis by Braun and Clarke (2006). 

First, all the recordings were transcribed and read through. The transcriptions were coded and categorized 

into potential themes using pen and paper as well as Microsoft Excel. Themes were reviewed and defined 

over several iterations, each time going back to the original transcriptions and codes.  

  

1 

3 

2 

4 5 
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5. RESULTS  

5.1 Survey results  

5.1.1 Correspondence between the adjusted and original SUS scores 

Score level 
In order to answer RQ1 (How do the scores of the adjusted SUS version with present tense and sentence 

simplification correspond to scores from the original SUS?), an independent t-test was conducted to 

investigate whether there would be a significant difference between the mean SUS scores of the adjusted 

and original SUS. Before conducting the t-test, assumptions were tested and showed that for both the 

adjusted and original SUS, the SUS scores were slightly left-skewed with a total of ten outliers in the lower 

SUS range. To determine how these outliers affected the t-test results, the t-test was conducted twice (with 

and without outliers). Both analyses showed that there was no significant difference between the adjusted 

and original SUS scores. The t-test with all the data, showed a slightly lower p-value and was therefore 

reported. 

The independent t-test (with all data) showed that there was no significant difference in SUS scores between 

the 915 participants who filled out the adjusted SUS (M = 64.9, SD = 19.6) and the 901 participants who 

received the original SUS (M = 65.6, SD = 18.8), t(1813) = -0.72, p = .47, d = -0.03. These results suggest 

that the effect of SUS formulation on SUS scores was so small that it could not be detected with the power 

this study’s sample size provided. The accompanying effect size was trivially small (Cohen, 1988). 

Due to the multiple comparisons problem as well as the violation of t-test assumptions, permutation testing 

was used as an additional non-parametric check. Permutation testing was performed with 5000 

permutations and the difference found in each permutation produced the null distribution which is 

visualized in Figure 2. The red line indicates the observed difference in the original sample, which was 0.7. 

The permutation p-value is the proportion of times the permutations found an absolute difference equal or 

greater than the difference found in the original sample (red line). This permutation test showed a proportion 

(permutation p-value) of .47, supporting the idea that there was no significant difference between the scores 

of the original and adjusted SUS.  
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Figure 2. Distribution of the differences found between the adjusted and original SUS scores in 5000 

permutations. Gray bars indicate the frequency of each difference found in the permutations and the red 

line indicates the difference found in the original sample by subtracting the original SUS score from the 

adjusted SUS score.  

Item level 
Independent t-tests were repeated for each of the SUS items to examine whether there were significant 

differences between the adjusted and original SUS scores on item level. Assumption testing showed that 

for item 7, the assumption of homogeneity of variance was violated. Therefore, for this item a t-test with 

unequal variance was computed. Table 6 summarizes the t-test results together with effect sizes (Cohen’s 

d) for each of the items. Results show that there was a significant difference in means between the adjusted 

and original SUS item scores for the items 1, 4, 6, 7, and 8. For the other items (2, 3, 5, 9, and 10), 

independent t-tests showed no significant difference in adjusted compared to original item score. This is 

visualized in Figure 3. 

Table 6  

Results of Ten Independent Sample t-Tests Comparing the Mean Item Scores of the Adjusted and Original 

SUS Formulation 

 Original SUS Adjusted SUS    

Item M SD M SD t d Permutation p 

1 3.92 1.06 3.79 1.13 -2.5* -0.12 .01 

2 2.41 1.12 2.46 1.13 0.88 0.04 .38 

3 3.69 0.97 3.62 1.05 -1.53 -0.07 .12 

4 2.09 1.10 1.95 1.06 -2.73** -0.13 <.01 

5 3.39 0.98 3.33 0.98 -1.31 -0.06 .19 

6 2.54 1.02 2.65 1.08 2.18* 0.10 .03 

7 3.60 1.03 3.39 1.11 -4.07*** -0.19 <.001 

8 2.38 1.12 2.16 1.11 -4.02*** -0.19 <.001 

9 3.67 1.04 3.68 1.05 0.30 0.01 .78 

10 2.61 1.14 2.62 1.16 0.09 0.0 .92 

* p < .05, ** p <.01, *** p <.001 



IMPROVING THE SUS FOR USABILITY EVALUATION IN PRACTICE 25 

 

Figure 3. The mean scores of the adjusted and original SUS items including the 95% confidence intervals. 

* p < .05, ** p <.01, *** p <.001 

Additional permutation tests were executed for all items to solve the multiple comparisons problem as well 

as the violations of t-test assumptions. For each item, 5000 permutations were simulated and plotted to form 

the permutation null distribution. This is visualized for SUS item 4 in Figure 4. Visualizations of the 

permutation null distribution for each item can be found in Appendix E. The proportion (permutation p-

value) was calculated based on the ratio of permutations that found an absolute difference equal or greater 

than the difference found in the original sample and is summarized in the last column of Table 6. The 

permutation p-values of each item were almost identical to the p-values found in each item’s independent 

t-test. The permutation test results, strengthen the idea that the differences found in the original data set are 

statistically significant for item 1, 4, 6, 7, and 8, but are not for item 2, 3, 5, 9, and 10. 
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Figure 4. Distribution of differences between adjusted and original SUS scores for item 4 found in 5000 

permutations. Gray bars indicate the frequency of each difference found in the permutations and the red 

line indicates the difference found in the original sample by subtracting the original SUS item score from 

the adjusted SUS item score.  

 

In order to examine whether the significant differences in mean scores for item 1, 4, 6, 7, and 8 would also 

be found in smaller sample sizes, which are more common in SUS studies, permutation testing was repeated 

with the mean sample size of SUS studies between 2010 and 2019 (Lewis, 2019), n = 326.  

For each item, 1000 permutations were computed and the proportion of permutations that had a greater or 

equal absolute difference in score than the observed difference in the original sample was calculated 

(permutation p-value). For the same item, this was repeated 500 times and the acquired p-values were 

plotted. This is visualized for SUS item 8 in Figure 5 and Table 7 summarizes the means and medians of 

the permutation p-values found for all items 1, 4, 6, 7, and 8.  
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Figure 5. The distribution of permutation p-values found in 500 simulations of permutation testing with 

each 1000 permutations of sample size n=236 for SUS item 8. The gray bars indicate the frequency of 

permutation p-values found in the 500 permutation tests and the red line indicates the significance level of 

α = .05. 

 

Table 7 

Descriptive Statistics of p-Values Found in Repeated Permutation Testing for Smaller Samples n=326 

Item M Mdn Percentage of 500 permutation tests with significant p-value 

1 0.36 0.29 15 % 

4 0.33 0.25 20 % 

6 0.39 0.33 12.2 % 

7 0.19 0.08 41.6 % 

8 0.19 0.09 38.8 % 

 

The results of the additional permutation testing showed that for smaller samples (n = 326) the majority of 

the time the permutation p-value indicated no difference in adjusted and original SUS item scores. Only for 

item 7 and 8 around 40% of the time the permutation p-value would be significant also for the smaller 

sample sizes. The low medians and for item 7 and 8 as well as the p-value distribution peaking at zero 

(Figure 5) indicate that also for smaller samples these items will find a significant difference in adjusted 

and original SUS item scores. 

Combining the score and item level results, the results conclude that on score level, with a difference of 

only 0.7 SUS point, there was no statistical difference between the adjusted and original SUS scores (p > 

.05). However, when looking at item level, for big samples (N = 1816) there were significant differences in 

score for item 1, 4, 6, 7, and 8. This difference was most prominent for item 7 and 8 where the difference 

persisted even for smaller samples (n = 326).  
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5.1.2 Correspondence between the SUS and its shorter alternatives 

In order to answer RQ2 and 3, it was evaluated how well the SUS alternatives (UMUX, UMUX-lite, 

UMUX-liteR, and the CSAT) corresponded to the SUS in terms of reliability, concurrent validity, 

sensitivity, difference in mean score with the SUS, and factor analysis.  

Reliability  
To assess the reliability of the scales, Cronbach’s alpha scores were calculated for each of the SUQs. All 

questionnaires had Cronbach’s alpha scores greater than .70, which is a common criterion for acceptable 

reliability (Nunnally, 1978). Table 8 summarizes the Cronbach’s alpha scores per usability metric. The 

UMUX-lite and UMUX-liteR only differ based on their calculation of the usability score but consist of the 

same items. Therefore, the two metrics have equal Cronbach alpha scores. The CSAT was not included in 

the Table 8 because with only one item it is not regarded as a scale.  

Table 8 

Reliability Scores of the SUS, UMUX and Variants 

SUQ No. of items Cronbach’s α 

SUS 10 .89 

UMUX 4 .84 

UMUX-lite/liteR 2 .80 

 

Concurrent validity  
A Pearson product-moment correlation coefficient was computed to assess the relationship between the 

SUS scores and the scores of the shorter metrics (UMUX, UMUX-lite/liteR, CSAT). Results indicated that 

there was a significant positive correlation between the SUS scores and the UMUX scores, (r(1814) = .84, 

p < .001, 95% CI [.83, .85]), as well as for the UMUX-lite/liteR (r(1814) = .81, p < .001, 95% CI [.79, .83]) 

and CSAT scores (r(1814) = .76, p < .001, 95% CI [.74, .78]). The correlations are visualized in Figure 6. 
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Figure 6. Histograms of the SUS and its alternatives on the diagonal, scatterplots on the lower triangular, 

and Pearson correlations coefficients on the upper triangular. * p < .05, ** p <.01, *** p <.001 

Sensitivity analyses 
Three MANOVAs were performed to test the sensitivity of each of the usability tools to application type, 

frequency of use, and duration of use. The SUS, UMUX, UMUX-lite/liteR, and CSAT scores were 

combined into the dependent variable for the MANVOA test. The first one-way MANOVA showed that 

there was a significant difference between application types on the combined dependent variable, F(8, 

3622) = 77.47, p < 0.001, η2 = .15. Similarly, there was a significant difference in the combined usability 

metrics based on frequency of use (F(12, 5433) = 22.72, p < 0.001, η2 = .05) and duration of use (F(12, 

5427) = 15.38, p < 0.001, η2 = .03).  

Although the usability scores were left-skewed, regular post-hoc ANOVAs were conducted as large 

samples tend to be robust to deviations from normality due to the Central Limit Theorem (Montgomery & 

Runger, 2010). Nonparametric Kruskal-Wallis tests were also conducted for comparison and results showed 

similar p-value results as the ANOVAs.  

Using a Bonferroni adjusted alpha level of .0125, post-hoc ANOVAs showed that there were significant 

differences in SUS, UMUX, UMUX-lite/liteR, and CSAT scores between the different applications, and 

levels of frequency of use and duration of use (Table 9). 

 

 

 



IMPROVING THE SUS FOR USABILITY EVALUATION IN PRACTICE 30 

Table 9 

Sensitivity Analyses using Post-Hoc ANOVAs for the SUS and its Alternatives with Type of Application, 

Frequency of Use, and Duration of Use 

  df1 df2 F η2 

Type of Application     

 SUS 2 1813 218.8*** .19 

 UMUX 2 1813 342.6*** .27 

 UMUX-lite/liteR 2 1813 241.7*** .21 

 CSAT 2 1813 265.6*** .23 

Frequency of Use     

 SUS 3 1812 95.0*** .14 

 UMUX 3 1812 61.1*** .09 

 UMUX-lite/liteR 3 1812 69.9*** .10 

 CSAT 3 1812 60.8*** .09 

Duration of Use       

 SUS 3 1812 57.7*** .09 

 UMUX 3 1812 46.0*** .07 

 UMUX-lite/liteR 3 1812 33.7*** .05 

 CSAT 3 1812 43.1*** .07 

* p < .05, ** p <.01, *** p <.001 

The results of the UMUX, UMUX-lite/liteR, and the CSAT were all very similar to those of the SUS and 

showed almost the exact same sensitivity pattern. This indicates that application type, frequency and 

duration of use affect the scores of the alternatives in the same way as the SUS. All sixty post-hoc Tukey 

pairwise comparisons can be found in Appendix F. 

Differences in mean scores per application  
In order to see whether there would be significant differences between the mean scores of the SUS and the 

mean scores of its shorter variants (except the CSAT), paired t-tests and permutation tests were conducted 

for each of the three applications. For each of the t-tests, between one and seven extreme statistical outliers 

were found and removed. Inclusion or removal of these most extreme outliers did not change the 

significance level of the t-test and the mean difference in scores deviated only on the tenth or hundredth 

decimal place. Permutation tests with 50.000 permutations were carried out as an additional check on the 

data (excluding the most extreme outliers) to solve the multiple comparison problem and potential 

violations of the t-test assumptions. Permutation p-values were very similar to those found in the t-tests and 

are presented as an additional column in the each of the t-test tables (Table 10, 11, 12). 

For application 1, 557 participants filled out the SUS and its alternatives. The paired t-tests showed that the 

mean scores of the SUS were significantly different compared to those of the UMUX, UMUX-lite, and 

UMUX-liteR scores, showing differences of 3.95, 3.33, and -1.27 respectively (Table 10). 
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Table 10   

Paired t-Tests Comparing the Usability Scores of the SUS and its Alternatives for Application 1 

 M SD df t Cohen’s d Permutation p 

SUS 54.68 18.81 
554 7.22*** 0.31 <.001 

UMUX 50.83 21.82 

SUS 54.56 18.92 
555 5.50*** 0.23 <.001 

UMUX-lite 50.74 21.80 

SUS 54.90 18.70 
549 -2.73** -0.12 .006 

UMUX-liteR 56.17 15.46 

* p < .05, ** p <.01, *** p <.001 

There were 1135 participants who filled out the survey for application 2. Paired t-tests showed that with a 

difference of -0.90 the UMUX-lite was in closest correspondence to the SUS. However, this was detected 

as a significant difference (Table 11). The UMUX and UMUX-liteR also had significantly different scores 

compared to the SUS of -3.0 and 1.6. 

Table 11   

Paired t-Tests Comparing the Usability Scores of the SUS and its Alternatives for Application 2 

 M SD df t Cohen’s d Permutation p 

SUS 71.78 16.37 
1130 -10.04*** -0.30 <.001 

UMUX 74.76 16.55 

SUS 71.82 16.35 
1130 -2.52* -0.08 .012 

UMUX-lite 72.72 18.15 

SUS 71.82 16.30 
1131 5.13*** 0.15 <.001 

UMUX-liteR 70.20 11.81 

* p < .05, ** p <.01, *** p <.001 

Lastly, paired t-tests on the data from application 3 (124 respondents) showed the closest correspondence 

in scores between the SUS and UMUX-liteR score, differing -1.25 score point. This difference as well as 

the 2.1 difference between the SUS and UMUX was not tested as significant (Table 12). Only the UMUX-

lite had a statistically significant difference in score of 3.57.  

Table 12   

Paired t-Tests Comparing the Usability Scores of the SUS and its Alternatives for Application 3 

 M SD df t Cohen’s d Permutation p 

SUS 53.31 17.41 
123 1.83 0.16 .073 

UMUX 51.24 19.71 

SUS 53.30 17.46 
121 2.77** 0.25 .007 

UMUX-lite 49.73 21.95 

SUS 53.62 17.13 
122 -1.23 -0.11 .22 

UMUX-liteR 54.87 14.57 

* p < .05, ** p <.01, *** p <.001 

Figure 7 shows the usability scores calculated by each of the scales and Figure 8 depicts the same along the 

Sauro-Lewis Curved Grading Scale. 
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Figure 7. Means for the SUS, UMUX, UMUX-Lite, and UMUX-LiteR scores per application. Error bars 

represent standard deviations. 

 

Figure 8. Means for the SUS, UMUX, UMUX-lite, and UMUX-liteR scores per application shown along 

the Sauro-Lewis Curved Grading Scale 
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Differences in grand means 
Differences in overall mean scores between the SUS and its shorter alternatives were assessed using paired 

t-tests and permutation testing. For each t-test, between 31 and 63 outliers were found. Two to five of these 

were extreme cases (i.e. greater than 45 score points difference) and therefore removed. Inclusion or 

removal of these most extreme outliers did not change the significance level of the t-test. However, 

inclusion or exclusion of all the outliers did affect the significance results of the t-tests. Hence, both are 

reported for comparison purposes.  

The t-test including all data (except the two to five most extreme outliers) showed differences in mean 

scores of -0.53 for the SUS and UMUX, and 0.36 with the UMUX-liteR. The t-test and permutation p-

values showed that these differences were not significant. The UMUX-lite had a slightly bigger difference 

of 0.75 with the mean SUS score, which was shown to be significant according to the t-test and permutation 

results (Table 13).   

Table 13   

Paired t-Tests Comparing the Grand Means of the SUS and its Alternatives   

 M SD df t Cohen’s d Permutation p 

SUS 65.22 19.21 
1812 -1.94 -0.05 .06 

UMUX 65.76 21.85 

SUS 65.27 19.18 
1810 2.43* 0.06 .02 

UMUX-lite 64.51 22.98 

SUS 65.23 19.20 
1813 -1.38 0.03 .17 

UMUX-liteR 64.87 14.90 

* p < .05, ** p <.01, *** p <.001 

When removing all statistical outliers, the mean difference between the SUS and UMUX-lite score reduced 

to 0.40 and t-tests showed that this was not a significant difference, t = 1.4, p > .05, d = 0.03.  For the 

UMUX-liteR, removing all outliers resulted in a greater mean difference with the SUS of 0.69 (t = 2.8, p < 

.01, d = 0.07). Similarly, for the UMUX, difference in score with the SUS increased to a mean difference 

of 1.18 (t = -4.8 p < .001, d = -0.12).  

Factor analysis 
Factor analysis was performed separately on the SUS and UMUX to examine their scale dimensionality as 

well as for all the SUS, UMUX, and CSAT items together to investigate whether the items would load on 

the same factor. Kaiser-Meyer-Olkin Testing indicated that sampling adequacy for each variable was 

adequate with KMO ≥ .78 for the UMUX, KMO ≥ .90 for the SUS, and KMO ≥ .93 for the SUS, UMUX, 

and CSAT together. 

Exploratory factor analysis on the SUS items indicated a one factor solution based on the Kaiser's criterion 

(1960), Cattell's (1966) scree plot, and parallel analysis. However, factor analysis using Ordinary Least 

Squares to find the minimum residual solution using a forced two factors solution, highlighted the two-

factor solution based on learnability and usability as found before by Lewis and Sauro (2009). For the 

UMUX, applying the same exploratory methods, a one factor solution was indicated. When testing with a 

forced two factor solution, the items aligned on valence. For both the SUS and the UMUX, all items had 

sufficient factor loadings (>.3).  
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When combining the SUS, UMUX, and CSAT items altogether, the 15 items had a Cronbach alpha of .94. 

A scree plot and parallel analysis indicated a one factor solution, while the eigenvalues indicated a two-

factor solution. When further investigating the 15 items with a two factor solution (maximum likelihood 

solution with oblimin, varimax, and promax rotation), the items of each SUQ would group together based 

on item valence (Figure 9), which has been found before for the individual SUS and UMUX items, but was 

stated to be of no practical relevance (Lewis & Sauro, 2017; Lewis, Utesch, & Maher, 2013).  

  
Figure 9. Maximum-Likelihood Factor Analysis on SUS, UMUX, and CSAT items, using varimax rotation 

and fitting 2 factors.   

5.2 Interviews 

To answer RQ5 (What are people’s views on and experiences of the SUS and its alternatives?) and to gain 

a richer understanding of how the shorter and adjusted SUS versions compare to the SUS from the user’s 

perspective, interviews were conducted and analyzed using thematic analysis. Several themes were found 

and grouped under participants’ views on the adjusted SUS, the shorter SUS alternatives, usability coverage 

in SUQs, and usability survey research in general. The themes are supported by quotes from the interviews.  

5.2.1 Participants’ views on the adjusted and original SUS  

Concise and clear formulation favored for usability items 
Participant’s responses showed that people valued the direct and clear formulation of the adjusted SUS over 

the original SUS. Sentence formulation in the adjusted SUS was experienced as clearer and easier to read, 

P8: “It just seems cleaner or uh more it’s just easier to answer the question in my mind it doesn’t make me 

think as much.” The longer formulation of the original SUS could cause people to interpret the questions 

wrongly. For example, “I think I would” was sometimes wrongly interpreted as rating the application based 

on the user’s experience when they just started using the application, making it unclear whether to answer 

based on their experiences then or now, P2: “‘I think I would like’, that means that you have never used it. 

[…] For me that is already past experience. I use it, so you are not covering the user which is already using 
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this page. Certainly, in the blue one [SUS original], that is the strongest missing one. ‘I think that I would 

like’ that is something you don’t know yet and you’re going to do that.” 

Even though the adjusted SUS was preferred over the original SUS formulation, some participants 

mentioned that the adjusted SUS could be even more concise by removing “I think” out of the sentence, 

P5: “You shouldn’t use “I think is’, better is ‘[application name] is easy to use’ and not ‘I think’ because 

that’s goes without saying, because you’re filling in the survey […] ‘I found the various functions’ it’s 

better to say ‘the various functions in the [application name] are well integrated’ so be more direct in the 

questions. ‘I think’ and ‘I find’ and ‘I would hope so’ that doesn’t work in a survey. I know it’s nice it, but 

it doesn’t add anything.” 

Different interpretations of past and present tense usage in the SUS  
The past and present tense usage in the original and adjusted SUS were interpreted differently by 

participants. While the past tense made participants think of the time they just started using the application 

or during a specific interaction in the past, the present tense was interpreted as rating ones interactions with 

the system “in general”, P8: “[…] It’s almost like the last time I used it and whether I find it complex or 

not and number 2 it’s kind of just I don’t need to think about the last time I used it’s just kind of like my 

opinion.” The present tense was generally preferred by participants, P9: “Realistically I think what you’re 

actually interested in is how you’re using it day to day and that invokes the present tense.” Although Dutch 

participants mentioned that the past tense was logical for them as well, because inherently all their 

experiences with the system were in the past, P6: “Now that I see them next to each other I see it’s in past. 

yeah in past tense, because, that also makes sense, because you’re asking me question about the 

[application], that I have used in the past.” 

Word choice of “cumbersome” or “awkward” can affect responses due to different word 
connotations 
People interpreted the words awkward and cumbersome differently in item 8 of the adjusted and original 

SUS. The word choice invoked a different feeling and people had different connotations for both of them, 

P8: “No so, in my mind, yeah number 8, cumbersome to me means, I need to click five things before I can 

get what I want and awkward to me means uhh, I didn’t really know what to do, if that makes sense, so 

awkward to me is more I say it’s more difficult or strange, and cumbersome is just like annoying. I knew 

exactly what to do, but it was annoying that I had to click 5 things to get there. And awkward would be 

‘meh I didn’t really know what to do and it wasn’t really clear’.” This caused people to rate some tools as 

cumbersome but not awkward or vice versa, P7: “So, [application 2] I find it uh both not cumbersome and 

awkward. So, I would answer strongly, at least disagree for both of them. But if I think of just of [name of 

other company application] as a tool. I think it’s very cumbersome to use, but maybe not awkward. Yeah, 

I would rank it more cumbersome than awkward.”  

Dutch participants also stated that they preferred cumbersome over awkward, because awkward was not 

perceived as a word for the technical objective. They found it difficult to apply the word to technical systems 

and found usage of the word more suitable for social situations, P2: “Cumbersome is something that is not 

personally, and awkward is something more which is closer to people word use. So, if I selected 

cumbersome it’s more fitting to the pro[blem] to the question you’re doing. Awkward is hmm no, it’s not 

for me with a technical problem.” 
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Formulation of SUS items can undermine usability measurement due to company context.  
In general, for both the SUS versions, item 1: “I think that I would like to use [system] frequently” was not 

answered specifically based on “liking” which reflects the usability of a system. Instead, this question was 

interpreted based on frequency of use, which in a company context is predetermined when application use 

is mandatory. In that case, item 1 would not reflect usability and could cause an inflation of the results. P3: 

“‘I think that I would like to use [application name] frequently’ [laughs] […] I use it as much as I need it, 

so I do not use [application name] because I like it, but because I need it, so, I use it as frequently as I need 

it. So not driven by like or dislike I’d say.” 

In contrast, item 4: “I think that I would need the support of a technical person to be able to use [system]” 

was correctly applied to the context of the company under study. There could be concern that this question 

is misunderstood when researching at a technical corporation, where the whole company and its employees 

could be regarded as “technical people”. However, the employees correctly extrapolated the question and 

interpreted the technical person in item 4 as a person who would know more about the matter and could 

help them. This seemed mainly due to the word “support” which is an existing term in the technical domain 

(e.g. technical support, IT support), P4: “A technical person is a person that is ehm, that is working for IT 

support. Haha.” 

5.2.2 Participants’ views on the SUS and its shorter alternatives 

An increased number of items gathers more usability information  
When comparing the different usability measurement tools, participants tended to prefer the longer formats 

over the shorter ones because they believed that more questions revealed more information on usability, 

P1: “I think the blue one [SUS] is the most important. Because I think green [CSAT] is a bit too generic. 

So, if you want to know a bit more in depth about the usability, blue [SUS] covers more. So that’s why, 

knowing that it’s a usability test for [application name] I think blue [SUS] provides more depth. And I think 

red [UMUX] is of course a bit more in depth, but uhm, uhm, yeah […] I would say blue [SUS] covers a bit 

more.” This idea was partly motivated by the fact that respondents wished for quality feedback for the 

researchers and partly by their own wish of wanting to be able to give enough feedback, P9: “I want to 

understand that my problems or at least my issues are going to be voiced correctly. So I think yeah having 

more options that I can give feedback on, ultimately lets me dictate how that can be targeted better so for 

me filling in a survey obviously not going to extremes […] it’s kind of a delicate balance to manage, but at 

least when I was filling this out I would be quite happy to give the feedback over 10 questions personally.” 

This caused people to regard the really short formats (UMUX-lite and CSAT) as insufficient for gathering 

usability feedback and prefer the longer formats. Specifically for the CSAT participants mentioned that it 

merely diagnoses whether the overall experience is satisfying or unsatisfying, but it does not explain what 

exactly is satisfying or not and why that is the case, P6: “So, if you’d only have this question in survey 

[green/CSAT]. No that’s not sufficient. Then at least if you have only one question available then certainly 

you should add a commentary box, so I can explain why I’m not satisfied with the [application name].” 

Particularly in the case of “unsatisfying”, participants felt like a comment box was missing for respondents 

to explain and for researchers to understand why users might be unsatisfied with a system,  P7: “Indeed, 

when I do something, I like to know what people will do with it. And if I just get green [CSAT] without a 

comment box, I would really find it strange in a sense. Because I’m like ‘why are they asking this?’ [laugh] 

because they don’t want to improve in case I answer something negative.” 
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Longer surveys are not always problematic 
The interviews showed that from the respondent’s perspective usability surveys do not need to be extremely 

short. Participants did not mind filling out the 15 questions of the SUS, UMUX, and CSAT combined, P5: 

“Well giving the amount of questions being asked [SUS/UMUX/CSAT], I think that’s actually quite nice. It 

doesn’t involve taking a lot of our time. When a survey takes more than half an hour to fill in, people tend 

to stop doing it and skip it, because it simply takes too long […] the amount of questions like you saw now, 

it took me about a few minutes to fill in. It would be okay to have a few more questions if needed.” Whether 

it would be 10 or 1 question, both were still rated as relatively little trouble. Of course, survey length should 

remain reasonable, but the difference between 1, 4, or 10 items seemed to be relatively negligible in such 

surveys. 

No clear preference for size of answering scales  
The SUS and CSAT have an answer format on a 5-point Likert scale, while the UMUX (and variants) have 

one on a 7-point scale. Interview participants’ opinions varied equally on preference for either the 5-point 

or 7-point format. On the one hand, the 1-7 format was regarded as too detailed for such usability questions 

where it is better not to overthink. Furthermore, steps on a 5-point scale were still considered explainable, 

while the distance between 7-points was more up to interpretation which can harm the consistency of 

answers across participants, P1: “Uhm, I think in general you shouldn’t overthink these, the feedback, so 

the more options you have the more doubt you’re gonna be like, ‘will it be a 4 or a 5’ or ‘what’s the 

difference between 5 and 6?’. So the differentiation between 1-5 is quite, can still be explained. You either 

are neutral, you agree, or you really strongly agree. […] Uhm otherwise people are gonna overthink and 

I think the differentiation between, between interviewers [participants] might be difficult to make as well.” 

However, on the other hand, some employees preferred 7-point scale because it allows to give more fine-

tuned answers, P8: “Uh 1-7 uh because I feel like it allows you to distinguish a little bit better between uhm 

yeah uh, in some cases I would want to say, ‘this I really strongly agree with’ and this I am maybe a little 

bit les, or vice versa.” 

Asking about the effort to correct things, can be ambiguous 
UMUX item 4 states: “I have to spend too much time correcting things with this system”. Interview results 

showed that there was some confusion about what “correcting things” actually meant or what it is referred 

to. Depending on the application this question could be unclear to respondents, because correcting things 

could be related to errors when using the application but also to having to correct the app’s content itself, 

P3: “I think it should be crisp on what you mean by correcting things. […] I would make that very technical 

to be sure that you’re, so the you’re, the guy or girl who does the survey understands that he should answer 

how often is the [application] not working? Instead of this, [it] could also mean the application is working, 

but the information in the application is not correct and you have to spend time to correct it.” 

5.2.3 Participants’ views on usability coverage in SUQs 

Practical app-specific questions are desired in usability surveys 
The SUS, UMUX, UMUX-lite and CSAT are general questionnaires with questions that can be applied to 

any application. They give only a general impression of the usability application. This was noticed by 

employees, who preferred having some app-specific and in-depth questions besides the general usability 

questions. For example, a question about the button placement in a specific app. P2: “This is about the look 

and feel of the page, it is less on the content of the page, it is less of the correctness of the page, and is less 

of the its usage of the page. So, in the end I think that we are missing a number of questions to make your 
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questionnaire more complete.” The importance of such questions was motivated by participants’ own need 

to give feedback, but also to increase the quality of the results for the researchers conducting the usability 

survey, P1: […] if the purpose is to improve the current [application name] UI or experience. Then I think 

you need to search more in depth towards which buttons unclear or which flow is unclear.” 

Positively and negatively stated items that ask almost the same thing are experienced as 
bothersome  
In both the SUS and the UMUX, participants noticed that some questions are highly similar and aim at very 

similar information. For example, item 2 and 3 in the UMUX touch upon very similar things; if using the 

app is a frustrating experience (item 2), people will likely think it is not easy to use (item 3). Participants 

perceived these questions as bothersome because it does not add any new information, P5: “uhm, because 

you have a disagree and a agree step by step way of rating, the negatives are not really that essential 

anymore. […] Uhm it’s easy to use or you have to correct a lot of things, that means it’s probably not easy 

to use, so they’re opposites of each other and having both of them together doesn’t really add to anything.” 

It also gave some participants the slight feeling of being tricked, P7: “As I told you sometimes it’s too 

obvious that its’ the reverse question. Is it easy or is it cumbersome? Am I stupid [laughs] so uhh yeah it 

put like double questions? To check if you really understood the previous question. That’s a bit strange like 

uh [laughs].” 

A comment box is needed to find the real underlying problems 
The importance of a comment box was clearly reflected in the interviews. Participants considered a 

comment box important because it gives participants the freedom to explain their answers and to reflect on 

what might not have been asked in the closed questions, especially if there are little items, P6: “Yeah, I 

think if you would ask only a few questions, then I think definitely it’s good to have comment fields. [...] If 

you have more questions available, then yeah, it’s still needed. […] but if you have only two questions then 

I think comment fields, why you answer the questions as you do, would be very helpful” In addition, 

participants argued that comment boxes can diagnose usability problems for the researchers unlike the more 

general closed questions, P9: So for me as a person who’s taking the survey, I just want to make sure […] 

I have the, am I given the right options to reply on. […] if you want to tailor it a little bit more and you 

really want to find out what the underlying issues are, I would agree that a free text option would probably 

be better. 

5.2.4 Participants’ expectations and attitudes regarding usability survey 
organization and participation 

Preserve participants’ trust that survey results are put to good use 
Employees expect that the results of the survey will be put to good use. So, the input they give will help 

improve the application. The extent to which participants have the feeling the results are put to good use 

also affects their willingness to respond, the number of questions they are willing to fill out, and the 

frequency at which they are willing to receive surveys, P1: “If something is really done with the feedback, 

if you get in the end the results and you see, ‘hey we’re gonna do things, we’re gonna improve things with 

the feedback’. Once that kind of has been established. That the input is actually being put to use within a 

year or within half a year because things take time of course, uhm I think then I’m okay with getting these 

questions more frequent.” 

 



IMPROVING THE SUS FOR USABILITY EVALUATION IN PRACTICE 39 

Employees have high willingness to participate in usability survey research 
Overall, employees had high willingness to participate in usability survey research. They thought it was 

helpful to fill out surveys, because they believed their feedback can help improve things of the application. 

As long as their answers are indeed put to good use and survey duration and frequency are reasonable, they 

mentioned they liked to help in a survey and did not mind if it would take some time to fill out, P4: “the 

frequency of receiving those emails is not uhm […] I do not have a maximum for that. The only thing is 

that, so let’s say one or two a week. That’s okay. And I think it’s also helpful to fill out those surveys, so I 

always try to make time for it.” Participants also liked to be able to choose their own time to do the survey 

and if not, it could affect their willingness to respond, P6: “Usually when I get surveys like this, also the 

[name of other survey] survey, uh, I tend to start with it on the same day and at the end of the day, just to 

get it done. And if I need 15 or 20mins for it, that’s no problem.” 

5.3 Minimizing and improving the SUS based on interview 
findings 

Based on the interview data, an attempt was made to create a minimized version of the SUS and answer 

RQ4 (How could the SUS metric be shortened, while maintaining its statistical strength as a standardized 

questionnaire?). In the interviews it was found that SUS item 1 was not suitable for mandatory work 

applications and that the inclusion of items that ask very similar things was experienced as bothersome by 

participants. In the SUS, item 2 and 3 as well as 8 and 9, can be regarded as highly similar. Hence, a 

minimized SUS was created by removing item 1, 3, and 8. Item 8 was chosen over item 9 because it was 

shown to be statistically different for the adjusted and original SUS and the words cumbersome and 

awkward were found to have different connotations. Based on deletion of item 8, item 3 was removed 

instead of item 2 to maintain similar amount of positive and negatively stated items. This resulted in a 

seven-item minimized SUS, that was shorter in length, but better in quality based on the interview data. 

The multiplier for the calculation of the scores was adjusted to make the seven-item minimized SUS in 

accordance with a 0-100 range.  

To assess whether the minimized SUS would have equal psychometric quality as the SUS, it was examined 

on the same properties as the other shorter SUS alternatives. With seven items, the minimized SUS had 

good reliability (Cronbach’s α = .84) and correlated almost perfectly with the SUS, r(1814) = .98, 95% CI 

[0.98, 0.98]. ANOVAs showed that the sensitivity pattern of the minimized SUS to application type, 

frequency of use and duration of use were also almost identical to that of the SUS (Table 14).  

Table 14 

Sensitivity Analyses of Minimized SUS Score with Type of Application, Frequency of Use, and Duration 

of Use 

ANOVA minimized SUS df1 df2 F-value η2 

Type of Application 2 1813 169.8*** .16 

Frequency of Use 3 1812 68.7*** .10 

Duration of Use   3 1812 52.9*** .08 

* p < .05, ** p <.01, *** p <.001 

Next, the correspondence between the mean scores of the SUS and its minimized version were investigated 

using paired t-tests. For application 1, there was no significant difference between the SUS score (M = 

54.55, SD = 18.90) and the minimized SUS score (M = 54.24, SD = 18.57), t(556) = 1.60, p = .11, d = 0.07. 
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Similarly for application 3, there was no significant difference between the SUS score (M = 53.31, SD = 

17.41) and the minimized SUS score (M = 52.65, SD = 17.85), t(122) = 1.77, p = .08, d = 0.16. Contrarily, 

for application 2, there was a significant difference of 2.12 score point (t(1134) = 19.56, p < .001) between 

the SUS score (M = 71.80, SD = 16.36) and minimized SUS score (M = 69.68, SD = 17.11). Effect size was 

large (d = 0.58). Lastly, for the grand means, there was also a significant difference of 1.48 score point 

between the SUS (M = 65.29, SD = 19.19) and the minimized SUS score (M = 63.81, SD = 19.19), t(1812) 

= -15.60, p < .001, d = 0.37. Permutation testing was performed alongside each paired t-test and the 

permutation p-values were almost identical to those reported in the paired t-tests.  
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6. DISCUSSION 

This study aimed at improving the readability and length of the SUS. To improve the readability of the 

SUS, an adjusted SUS with sentence simplification and present tense was created and its scores were 

compared to those of the original SUS. To improve the SUS in length, several shorter SUS alternatives 

(UMUX, UMUX-lite, UMUX-liteR, CSAT, and minimized SUS) were assessed on their psychometric 

quality and correspondence to the mean scores of the SUS.  

6.1 Improving the readability of the SUS  

In order to improve the readability of the SUS and answer RQ1 (How do the scores of an adjusted SUS 

version with present tense and sentence simplification correspond to scores from the original SUS?), an 

adjusted SUS version using present tense and with sentence simplification was created and evaluated 

through quantitative and qualitative research methods.  

The quantitative data showed that there was no statistical difference between the overall adjusted and 

original SUS scores. This suggests that changing the SUS’s formulation does not have a strong effect on 

the SUS scores. This result is in line with previous literature where it was shown that the SUS is robustly 

resistant to wording or formulation changes. Changing the word system to website or product did not 

significantly influence SUS scores (Lewis & Sauro, 2009; Bangor, Kortum, & Miller, 2008) and neither 

did a SUS version with only positive statements instead of alternating items (Lewis & Sauro, 2011). In 

these studies, as well as the current study, it was the objective to preserve the meaning of the original items. 

Therefore, it was anticipated and can be explained that the adjustments had little effect on the overall SUS 

scores. This result implies that when looking at overall score level, researchers can safely use the adjusted 

SUS version and compare the scores to those of the original SUS. 

Looking at the scores of the adjusted and original SUS on item level, five out of the ten items showed a 

statistically significant difference in score. This is in line with the fact that any deviation (e.g. a change in 

formulation) can affect an SUQ’s results (Lewis, 2014). To explain why these five items had significantly 

different scores, each one is shortly discussed.  

Firstly, the biggest difference in item score was found for item 8, which asked the participant whether they 

found the system cumbersome in the original item formulation or awkward in the adjusted item formulation. 

The original item was rated higher than the adjusted item and this can be explained by the interview data 

which showed that the words cumbersome and awkward had different connotations. Cumbersome seemed 

to relate to the efficiency of the system, while awkward was about the effectiveness. Therefore, dependent 

on the application, participants could rate it as cumbersome but not awkward (or vice versa). This result 

suggests that when looking at item 8, scores collected from the item using cumbersome cannot be compared 

to scores from the item using awkward. In addition, the Dutch participants had difficulty applying the word 

awkward to technology. This can be explained by the way the word awkward has been adopted in the Dutch 

language. In 2013, the word awkward was declared as the Anglicism of the year (Onze Taal, 2013). The 

way the word is most often used in Dutch language is to address the feeling of embarrassment or being 

uncomfortable or clumsy in social situations. While in the English language it can just mean difficult to 

use, do, or deal with (Cambridge, n.d.), which can easily be said about an application. However, as the 

majority of the participants in this study was Dutch, they might have answered more conservatively on the 

adjusted item 8 using the word awkward as they could not apply a feeling of 
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embarrassment/uncomfortableness to the application. So, based on our data, the usage of cumbersome could 

be favored over awkward in item 8, at least for Dutch participants. This is not in line with previous research 

where it was recommended to use the word awkward instead of cumbersome, because non-native English 

speakers were found to often request assistance with the word cumbersome in moderated completion of the 

SUS (Finstad, 2006). The discrepancy between the findings is likely due to the current’s study’s sample 

consisting mainly of Dutch participants for which the word awkward has different cultural connotations 

than for the Russian, German, Mandarin Chinese, Filipino, Spanish, and Hebrew participants in the study 

by Finstad (2006). These results imply that both the level of English proficiency as well as cultural 

background of the participants could affect the interpretation of SUS item 8. We suggest that researchers 

should carefully choose the right word based on their user populations’ characteristics and to be cautious 

when comparing item 8 scores collected from the SUS using cumbersome or awkward. A solution for 

remote self-administered internet surveys could be to use the word cumbersome and add a help button 

which can provide assistance by explaining the item. 

Furthermore, there was a significant difference in scores between the adjusted and original SUS formulation 

for item 1, 4 and 7. A commonality these three items share is that their original formulation is hypothetically 

or speculatively stated (item 1: “I think that I would like to use the system frequently”, item 4: “I think that 

I would need the support of a technical person to be able to use the system”, item 7: “I would imagine that 

most people would learn to use the system very quickly”). These items were rated higher than the items 

with the adjusted formulation which were phrased directly (“I like…”, “I need…”, “I imagine…”). It is 

possible that the formulation change caused the question to have a different meaning, explaining the 

differences in item scores. Participants could have interpreted the original formulation as a hypothetical 

question, making it easier to relate to and causing participants to answer more strongly on the scale. While 

the adjusted SUS directly posed participants a statement that they could compare to their daily application 

use, to which they answered more conservatively. Based on these results, researchers should be cautious 

when comparing the scores of items 1, 4 and 7, and take into account that the formulation change can cause 

a difference in the scores. Nevertheless, it should be emphasized that the effect sizes for these item 

differences were small (Cohen, 1988) which could indicate that the effects are not of practical relevance 

but were found due to this study’s large sample size (Lantz, 2013).  

This is also likely the case for item 6, which asked whether participants thought there was too much 

inconsistency in the system. The only difference between the adjusted and original formulation was that the 

original item used past tense (“I thought there was…”) while the adjusted item used present tense (“I think 

there is…”). The item using present tense was rated higher than when using the past tense. It is possible 

that due to the tense change participants actually answered based on a different version of the system and 

perhaps they thought that the applications are now more inconsistent than they used to be. However, it is 

more likely that this effect was purely found due to the big sample size, because effect size was small and 

the difference in item score was only one tenth of a point on the 5-point Likert scale, which can be said to 

be of little to no practical relevance.  

The speculations that the effects were found due to the big sample size, were also confirmed by the 

permutation tests which showed that the two SUS versions were not significantly different the majority of 

the time for items 1, 4, and 6 when using smaller sample sizes. Only item 7 and 8 remained statistically 

different even for smaller sample sizes, meaning that primarily for these two items researchers should 

remain cautious when comparing item scores between the original and adjusted formulation. Despite these 

statistical differences on item level, they were not substantial enough to propagate into a statistical 
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difference on score level. Hence, researchers can safely compare the two SUS versions on overall score 

level, which is also the SUS’s recommended use (Sauro & Lewis, 2017).  

Although on score and item level, there were minor to no statistically significant differences between the 

two SUS versions, interview data showed differences in how the adjusted and original SUS were interpreted 

by users. Firstly, the adjusted SUS was experienced as clearer and more concise and was therefore preferred 

over the original version. This was unsurprising as the intent of the adjustment was to improve the 

readability. It is also in line and can be explained by survey methodology literature, which states that 

questions should be formulated short, simple, and without complex grammatical forms (Dörnyei & 

Taguchi, 2009; Ellard & Rogers, 1993). Therefore, it is recommended to use the simplified formulation 

over the original item formulation for stand-alone survey research. Future research could test even shorter 

and direct formulations by changing the items into a direct statements (e.g. “I think the system is easy to 

use” versus “The system is easy to use”). 

Furthermore, interview data showed that the present tense in the adjusted SUS was interpreted as rating 

ones overall experiences with the application while the past tense in the original SUS was interpreted as 

querying the participant to rate the application based on a specific interaction one had with the application 

in the past. This can be explained by research on effective survey questions that states that ambiguity can 

arise when question do not have a reference period or time frame (Fowler & Cosenza, 2008). Past tense 

usage of the original SUS refers to a past moment in time, however, which exact moment is not explicitly 

mentioned and is free to the interpretation of the participant. This could cause confusion and inconsistent 

responses across participants due to various individual interpretations. This is less of a problem if the 

moment in time can be inferred from the study context. For example in a usability test, the items using past 

tense would refer to the just experienced interactions, causing all participants and experimenter to have a 

common reference frame (Grier et al., 2013). However, when using the SUS in stand-alone remote usability 

survey research, the objective is usually to get an overall evaluation of the system based on a user’s 

everyday interactions (Grier et al., 2013) and the present tense better reflects this objective. As there were 

no statistical differences between the adjusted and original SUS on score level, researchers can choose the 

SUS’s tense that best accommodates their research design (e.g. past tense for usability testing and present 

tense for stand-alone survey research). In case researchers desire to continue using the original SUS with 

past tense in unmoderated survey research, it is recommended to clarify the reference timeframe or 

interaction the respondents should reflect upon in the survey introduction or SUS sub-header. 

6.2 Finding a shorter SUS alternative   

Several shorter SUS alternatives (UMUX, UMUX-lite, UMUX-liteR, and CSAT) were proposed and 

compared to the SUS. The data collected on each alternative helped to answer RQ2 and 3 which asked how 

the UMUX, UMUX-lite, UMUX-liteR, and CSAT correspond to the SUS as a metrics for usability.  

From the psychometric point of view, all alternatives had acceptably high levels of reliability and good 

concurrent validity with the SUS (Nunally, 1978). This is in line with previously found psychometric 

quality for the UMUX and variants (Berkman & Karahoca, 2016; Lewis, 2018; Lewis, 2019; Lah, Lewis, 

& Šumak, 2020). Although correlation coefficients were high, the shorter the metric, the more the 

datapoints would be spread out in the their scatterplots with the SUS. This can be explained by the fact that 

the shorter scales can take on less values (lower granularity) and implies that when having little data or 

when looking at individual data points the shorter metrics do not correspond as well to the SUS. When 
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comparing the alternative metrics’ scores as a function of independent variables, all metrics had the 

expected and same sensitivity pattern to frequency and duration of use and application type as the SUS. 

People who use the application more frequently or have been using it for a longer duration of time, have 

significantly higher scores than those who use it less frequent or for a shorter period of time. Furthermore, 

all metrics could detect a significant difference in score between application 1 and 2 and application 2 and 

3. This is evidence of scale sensitivity and is in line with previous findings (Borsci et al., 2015; Sauro, 2011; 

Bangor et al., 2008; Finstad, 2010). This indicates that application type, frequency and duration of use affect 

the scores of the SUS alternatives in the same way as the SUS and shows that it is important for researchers 

to control for differences in the amount of user experience when using these scales. Exploratory factor 

analysis with the SUS, UMUX, and CSAT items showed a one factor solution indicating that the items are 

measuring the same underlying construct: usability. Forcing two or three factor solutions did not divide the 

items back into their original scales. This shows that the scales do not measure distinct concepts. Instead, 

the items divided in two factors aligned with the positively and negatively framed items. Previous literature 

has indicated that SUS distinction based on the positively and negatively stated items is of little practical 

and theoretical relevance (Lewis & Sauro, 2017) and the same can be said of the factor division based on 

valence for the SUS, UMUX, and CSAT items. So, based on psychometric properties and factor analysis, 

the shorter SUS alternatives all perform adequately and measure the same underlying construct.  

In addition, when comparing the absolute mean scores of the UMUX, UMUX-lite, and UMUX-liteR per 

application, they were all relatively close to the SUS scores. However, most of these differences were still 

found to be significant. Here it is important to emphasize the difference between statistical and practical 

significance. Although the scores were significant, they fluctuated only between one and four absolute score 

points around the mean SUS score, which can range from zero to one hundred. Usability practitioners would 

likely recommend the applications similar research and redesign actions despite these small differences in 

score. Namely, that application 1 and 3 have quite low usability scores (Grade D) and further research and 

redesign would be highly recommended. While the usability of application 2 could be rated as sufficient 

(Grade C+), but further investigation and implementing improvements could still benefit the overall 

usability. Furthermore, when comparing the mean differences found in this study with previous literature 

(see Appendix G for a summary), the fluctuations from the SUS scores fit in well with the fluctuations 

found in previous studies. When calculating the mean differences for each metric across all studies, the 

differences all move within one SUS score point, which can be said to be negligible on the full SUS range. 

Similarly, when calculating the grand mean scores of the SUS and its alternatives of this study, the 

differences became smaller than one absolute SUS score point. This suggests that overall, the alternative 

metrics have sufficient correspondence to the SUS, but due to their own limitations individual studies might 

fluctuate between one and four absolute score points from the SUS. Therefore, usability practitioners can 

use the shorter alternatives but should remain careful when interpreting the shorter alternatives on the 

Sauro-Lewis CGS. Because the CGS is quite high in granularity, especially for average levels of usability 

(Grade C+ to A-), small changes in score can cause the application to fall into a different grade. Future 

research could attempt at calculating a CGS for the UMUX and variants, based on the thousands of scores 

collected up till now (Combining scores from Lewis et al., 2013; Berkman & Karahoca 2016; Lewis, 2018; 

Lewis 2019; Lah et al., 2020; the current study). This could give insight into how exactly the percentile 

ranks of the UMUX and variants differ to those of the SUS. 

Adding to the ongoing discussion on superiority of the UMUX-lite or UMUX-liteR (Lewis, 2019; Lah, 

Lewis, & Šumak, 2020), this study found that the UMUX-lite slightly underestimated scores for the 
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products with low levels of usability (Grade D). This could be explained by the fact that negative feedback 

is more strongly reflected in the final score of the UMUX-lite because is only has 2 items. While the SUS 

measures usability more refined through its ten items that bring extreme item scores into proportion. 

Interestingly, previous research showed that the UMUX-liteR underestimated scores for average to high 

levels of usability (Grades B+ and higher) due to its restricted range (Lewis, 2019; Lah, Lewis, & Šumak, 

2020). Combining this finding with our study’s results, a good solution could be to use the average of 

UMUX-lite and UMUX-liteR scores. This has been addressed once before by Lewis (2019) and was dubbed 

the UMUX-liteA (average). The average of the two scores could balance out potential underestimation of 

the UMUX-lite scores for low levels of usability (Grade D and lower) and the UMUX-liteR scores for high 

levels of usability (Grade B+ and higher). This is an easy solution because the UMUX-lite and UMUX-

liteR scores can be calculated from the same data and it is also useful for practitioners who might not know 

in advance what level of usability their product has.  

Although all alternative metrics were all performing adequately, interview data showed that there were 

differences in how they are interpreted and experienced by participants. Participants perceived an increased 

number of items in a SUQ as gathering more usability information. This was reflected in the preference for 

the longer formats over the shorter ones. The really short formats (UMUX-Lite/LiteR and CSAT) were 

generally not liked, because participants felt they did not sufficiently cover the usability feedback they 

wished to give, where they believed to help researchers uncover the important usability problems to be able 

to improve the application. This need could be explained by the objective behind their participation. As 

there was no monetary incentive, reason for employees to participate could be the potential smoother 

experience with the application when their needs are incorporated in the application’s redesign. This is 

likely to be the reason they desire to be able to give sufficient feedback.  

Although it is true that more questions can better capture a complex underlying construct (Boateng, 

Neilands, Frongillo, Melgar-Quiñonez, & Young, 2018), the problem remains that researchers generally do 

not look at the responses on individual items, nor are the questions actually intended to find usability 

problems. This is because SUQs are a summative usability evaluation method, meant to measure how a 

product performs compared to baselines of a competing product or a previous version of the system (Bevan, 

2008). Formative evaluation, using diagnostic methods is used when the researcher tries to uncover 

usability problems (Lewis, 2014). Nevertheless, even if finding usability problems is not the purpose of the 

SUQs, it is important to acknowledge that there exists the need for participants to express their views 

through sufficient questions. Besides having rather more than less questions, the participants also mentioned 

the need for a comment box. A comment box was desired because it gave them the opportunity to explain 

or share additional thoughts. The need for a comment box was emphasized if they would only be able to 

answer to the very short SUS alternatives (UMUX-Lite/LiteR and CSAT). This could be explained by their 

need to compensate the ability to give sufficient feedback when presented with little questions. These results 

show that there is a discrepancy between the survey intentions of the researcher (i.e. summative evaluation) 

and the survey expectations of the participant (i.e. formative evaluation). It is recommended to remove this 

discrepancy by balancing out the expectations to the intentions or vice versa. Researchers should try to 

accommodate to the participants’ need to give feedback by avoiding the very short formats, providing a 

comment box or by letting people share their email address to be invited for an interview at a later point in 

time to discuss their feedback. In case time and resources only permit the use of very short surveys, 

researchers could try and more clearly communicate the summative intentions of the survey, so that 

participants can accommodate their expectations.  
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Lastly, the interview findings showed that the longer formats were not experienced as a bother to 

participants compared to the shorter formats. All interview participants filled out fifteen questions of SUS, 

UMUX, and CSAT together and they were not experienced as “too long”. Although long lists of questions 

were indicated as bothersome, the difference between one to ten questions seemed to remain in the range 

of “relatively little time”. This can be explained by the fact that ten closed questions can still be completed 

in little absolute time and it remains within the ideal survey length of ten minutes as tested by Revilla and 

Ochoa (2017). This finding also supports criticism mentioned by Lewis (2013), who doubted whether there 

is actually much time saved from ten to four questions and whether that balances out the disadvantages of 

the shorter metric. This result together with the result that participants like to give sufficient feedback, 

challenge the assumption that shorter formats are needed to decrease the survey burden on respondents 

(Lewis, 2014). For research that covers user groups that profit from sharing more elaborate feedback (e.g. 

employees), the use of the SUS instead of the UMUX-Lite/LiteR or CSAT is recommended as it would 

benefit both the researcher and participant.  

6.2.1 Minimizing the SUS 

Based on the interview data, a minimized seven-item version of the SUS itself was devised. The scores of 

the minimized SUS were compared to those of the SUS in order to answer RQ4 (How could the SUS metric 

be shortened, while maintaining its statistical strength as a standardized questionnaire?). 

Quantitative findings showed that the minimized SUS had good reliability (Nunally, 1978), the same 

sensitivity as the SUS and almost perfect concurrent validity with the SUS. Mean scores per application 

were also in close correspondence to the SUS, even better than the UMUX and variants for application 1 

and 3. This can be explained by the fact that the minimized SUS was devised out of the original SUS and 

therefore it was literally the closest in correspondence to the SUS. The little effect of deletion of items on 

the scores is in line with previous research where it was shown that removing one SUS item does not 

significantly affect the overall score (Lewis & Sauro, 2017). The minimized SUS is promising. Its scores 

and psychometric quality are in close correspondence to the SUS and it could even be said to be more 

reliable due to the deletion of troublesome items. However, as this is the first study to attempt to minimize 

the SUS further than one item, future research should test the minimized SUS on an independent data set 

to strengthen its correspondence to the original SUS and generalizability to other contexts.  

6.3 Overall views on and experience of the SUQs  

Besides the aforementioned views on the adjusted and original SUS formulation and the favored longer 

formats to accommodate the user’s need to provide sufficient feedback, additional results that answer RQ5 

(What are people’s views on and experiences of the SUS and its alternatives?) were found.  

 

Firstly, the interview data showed that for the SUS specifically, its first item (“I think that I would like to 

use the system frequently”) was not appropriate for usability research. The item was not answered based 

on “liking” which reflects the usability of a system. Instead, this question was interpreted based on 

frequency of use, which depending on the context can be a predetermined value. For example in a company 

context, it is possible that application use is mandatory, there are no other applications available, and 

amount of application use is based on work demand. Therefore, in contexts where choice of application and 

its usage amount is not up to the user to choose, it is recommended to leave out SUS item 1, because it 

could falsely alter the usability score. Previous research has shown that leaving out one SUS item does not 
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significantly affect the scores (Lewis & Sauro, 2017). Another solution could be to leave out the word 

“frequently”, so that the item would purely address whether respondents “like” the system.  

 

Another interview finding was that in both the SUS and the UMUX, participants disliked positive and 

negative items that were nearly each other’s inverse, meaning they ask almost the same thing. They were 

experienced as a waste of time, because they asked the same things which would not provide any new 

information to help improve the application. It is true that the additional items in a SUQ do not offer new 

insights, however the inclusion of very similar items does contribute to more correctly and more completely 

capturing a complex underlying construct, which often cannot be captured in a single item (Boateng, 

Neilands, Frongillo, Melgar-Quiñonez, & Young, 2018). Hence, several similar items are used to check 

internal consistency and account for item-specific measurement error, making the aggregate of the items 

scores a more accurate assessment of the underlying construct (Reis & Judd, 2000). These results suggest 

that there could be a tradeoff between the number of items and the quality and number of responses. 

Including more (similar) items can better and more completely capture a complex construct, but can 

decrease the quality and number of responses due to less devoted participants. While less (similar) items, 

makes it more pleasant for people to fill out, increasing response rate and quality, but ultimately measuring 

the construct on a more superficial level. Which decision to make can depend on the research objective. 

Researchers trying to measure complex psychological constructs, can benefit from more elaborate scales, 

while for usability practitioners a less exhaustive usability measurement that covers all necessary user 

groups might suffice. The increasing number of studies researching or using the shorter UMUX and 

UMUX-lite/liteR metrics, already indicate that usability researchers/practitioners might favor brief over 

sophisticated scales.  

A finding from the interview that could be applied to all SUQs was that participants missed questions 

specific to the app under investigation. This means questions that are only applicable to the application 

being researched. For example, questions about button placement or page layout in the app. The need for 

such questions came from their belief that such questions are needed to actually be able to improve the 

application. It is a correct observation that the SUQ questions are very general. They only give an indication 

of an application’s overall usability, but do not inform us why that is the case. However, that is actually 

their purpose and it is called summative evaluation (Bevan, 2008; Lewis, 2014). What the participants 

described is formative usability evaluation, which focuses on in-depth understanding of what exactly causes 

confusion in the interface (Scholtz, 2004). The finding that participants have the need for app specific 

questions which are part of formative evaluation, can be explained by the participant’s incentive of 

participating to gain the benefits of having their usability problems solved in a redesign of the application. 

This result suggests that even the SUS format might not suffice the participant’s need to give feedback and 

that they like to engage in more in-depth usability assessment (e.g. usability testing or an interview). 

Therefore, it can be recommended to companies to invest in the resources that allow for such elaborate 

usability evaluations. When that is not possible, practitioners should try to more clearly inform participants 

about the summative goal of the survey. For example, by communicating that the survey’s goal is to get a 

general impression of the application and that in-depth evaluation happens at a later stage. That way, 

participants can better understand why they are not offered more elaborate feedback options and can better 

anticipate how their feedback will contribute to the application’s evaluation.  

Lastly, participants expected that the survey results were put to good use. This is unsurprising as participants 

desire to have their feedback incorporated in the application’s redesign. However, it is important for 
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usability practitioners to sustain this expectation because it works as an underlying assumption that fuels 

participants’ willingness to respond. Removing the belief that the survey results will be put to good use 

undermines the reason why they’re keen on helping out. This trust could be fostered by keeping participants 

in the loop on the progress of the research stages or by informing them about updates that have been 

implemented in the application based on user feedback.  

6.4 Limitations 

Although the results showed that there were no significant differences between original and adjusted SUS 

scores and some of the shorter SUS alternatives. From a non-significant t-test one can only conclude that 

there is no significant difference in scores, but this does not prove that there is no effect at all. There might 

exist a very small effect which requires a bigger sample size to be detected. However, as this study already 

had a quite big sample size, it is expected that if such effects would be present, they would be so small that 

they might be too small to be of interest. Future research could investigate what would be the smallest 

difference in SUS score that would still be detectable by users and use this difference as the smallest effect 

size of interest for equivalence testing (Lakens, Scheel, & Isager, 2018). This is a method that uses two 

one-sided tests that test for the absence of an effect by rejecting the presence of the smallest effect size of 

interest. Such a method could prove the equivalence of the SUS and its alternatives.  

Another limitation was that the willingness of employees to help and provide feedback could be inflated. 

As the interviewees were volunteers, it is likely that they are people who are naturally keener on helping 

out. Employees that ignored the survey and interview invitation could obviously be a lot less willing to 

participate in usability surveys. Furthermore, it is possible that the participants in this study were simply 

interested in this study, but perhaps not in general usability evaluations of applications. Future research 

could investigate what the reasons are for employees to refuse participation in usability survey evaluation, 

so that future usability studies can take these factors into account and acquire more representative samples 

of their user population.  

The similarity between the SUS and its shorter alternatives can only be generalized to populations with a 

similar relation as the employee-application relation in our study. Employees are more motivated to give 

feedback because once their feedback is incorporated in the application’s redesign it benefits the employee. 

Furthermore, the employee trusts that their feedback will be taken into account for the app’s redesign. Other 

applications where the users or survey participants might be less dependent on the usability of the 

application under study, might actually prefer the shorter formats. Either due to low involvement with the 

product or due to low confidence that their feedback will be implemented in the design.  

Lastly, in the surveys, the SUQs were shown in randomized order. However, the order they were shown in 

could not be tracked by the survey platform (Microsoft forms) and was therefore not controlled for in the 

analysis. Based on previous research controlling for the survey order, it is expected that the order had no 

effect on the results as this was also the case in previous literature (Lewis, 2019; Lah, Lewis, & Šumak, 

2020). 

6.5 Ethical and societal considerations  

The results of this research have shown that employees value being able to give their feedback in a usability 

survey. An ethical consideration for usability practitioners to take into account would be that when trying 
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to accommodate to this employee need, the extent to which they provide employees the opportunity to give 

elaborate feedback in the survey and subsequently the extent to which employees will be spending time on 

it, should be fairly balanced with the extent to which these results are actually going to be used.  

In case usability practitioners know there are insufficient resources to act upon the elaborate feedback given 

by employees, it could be better to only use a SUQ and be transparent about the intentions of the research. 

For example, by communicating that the survey is merely for an indicative usability score and not for 

finding usability problems. By doing that, they are only rightfully asking for the employees’ time. 

Moreover, when employees notice that their feedback is not taken into account, this study showed that it is 

possible that employees lose trust in such survey initiatives and are less likely to want to participate in 

subsequent surveys.  

This research’s results contribute to society by offering recommendations on how companies, government 

establishments, or education institutes can best conduct summative usability survey evaluation for their 

internal applications. Successful usability evaluation plays an important role in developing effective, 

efficient, and satisfactory applications that make the daily interactions employees have with their computers 

smooth and pleasant. Properly functioning work applications benefit employees by decreasing experienced 

cognitive load and subsequent mental stress (Aborg, Sandblad, Gulliksen, & Lif, 2003) and therefore 

contribute to their wellbeing and a positive attitude towards new IT technologies.  

6.6 Recommendations for usability evaluation in practice  

Based on the findings of this study, some recommendations are made for usability practitioners looking for 

the right SUQ. The recommended metric is dependent on the method and context of study.  

For stand-alone remote survey research with the objective of summative evaluation, the SUS would be 

recommended with the adjusted formulation. The normal SUS was not experienced as “too long” and better 

fulfilled participants’ need to give sufficient feedback. Therefore, it is recommended to not deviate from 

the industry standard (SUS). The adjusted formulation is recommended because it is less ambiguous for 

respondents, gives researchers more consistent responses across participants, and because there was no 

statistical difference between the adjusted and original SUS on score level. Dependent on whether the 

application under study is mandatory or not, SUS item 1 could be removed to improve the quality of the 

results. Same for SUS item 8, depending on the English proficiency and cultural background of the 

respondents. However, for now it remains recommended to remove maximum one SUS item and start 

removing others once more research has been conducted to validate the generalizability of the seven-item 

minimized SUS. Lastly, a comment box can be added when the researcher is interested in and wants to 

allow the participant to share additional insights. This is only recommended when the researcher has the 

resources to analyze the textual feedback data. 

In case researchers or practitioners are really in need of a shorter usability measurement tool, a combination 

of the UMUX-lite/liteR together with a comment box can be used. It is very short with only two questions 

and has no inverse items. Its psychometric attributes are acceptable and when averaging the UMUX-lite 

and UMUX-liteR scores (UMUX-liteA) they come in close correspondence to the SUS. The comment box 

is important because through compensating the little number of items, it accommodates to the participants 

need to share their thoughts. 
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For traditional usability testing or any other type of post-study survey research (i.e. letting the participant 

interact with the product before filling out the survey), the original SUS is recommended. For such studies, 

the past tense fits well with the objective and because such studies are often moderated, the researcher can 

provide assistance with the questions if needed.  

Lastly, in general, when researchers or practitioners plan to transfer from the original SUS to the adjusted 

SUS, minimized SUS or UMUX-lite (or any other metric), it is advised to have a transition period in which 

data from both measures is concurrently collected to ensure sufficient correspondence in their context of 

study. 
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APPENDIX A: ORIGINAL AND ADJUSTED SUS 

In Table 1 the adjusted SUS items that were used in this research are presented. 

Table 1 

The Original and Adjusted Formulation of the SUS Items 

1 O I think that I would like to use the system frequently. 

 
A I like to use the system frequently. 

2 O I found the system unnecessarily complex. 

 
A I find the system unnecessarily complex. 

3 O I thought the system was easy to use. 

 
A I think the system is easy to use. 

4 O I think that I would need the support of a technical person to be able to use the system. 

 
A I need the support of a technical person to be able to use the system. 

5 O I found the various functions in the system were well integrated. 

 
A I find the various functions in the system well integrated. 

6 O I thought there was too much inconsistency in the system. 

 
A I think there is too much inconsistency in the system. 

7 O I would imagine that most people would learn to use the system very quickly. 

 
A I imagine that most people learn to use the system very quickly. 

8 O I found the system very cumbersome to use. 

 
A I find the system very awkward to use. 

9 O I felt very confident using the system. 

 
A I feel very confident using the system. 

10 O I needed to learn a lot of things before I could get going with the system. 

 
A I needed to learn a lot of things before I could get going with the system. 

Note. O = original, A = adjusted.  
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APPENDIX B: SURVEY 

What is your opinion on xxx xxx xxxx? 

𝗜𝗻𝗳𝗼𝗿𝗺𝗮혁𝗶𝗼𝗻 𝗳𝗼𝗿𝗺 𝗳𝗼𝗿 𝗽𝗮𝗿혁𝗶𝗰𝗶𝗽𝗮𝗻혁혀 

This research is performed by Jolijn Hesen, a Human-Technology Interaction master student who is 

conducting this study as Xxx xxxx xxxx User Experience Intern under supervision of Dimitra Micha from 

Xxx xxxx xxxx and dr. W. Barendregt, dr. ir. S. Schoenmakers, and ir. S. Ipakchian Askari of the Human-

Technology Interaction group at Eindhoven University of Technology. 

Before participating, you should understand the procedure followed in this research, and give your informed 

consent for voluntary participation. Please read this text carefully.  

𝗔𝗯𝗼혂혁 혁𝗵𝗶혀 혀혁혂𝗱𝘆 

The goal of this study is to acquire user feedback on Xxx xxxx xxxx. By filling out this survey you inform 

us on how we are doing and the results help us to further improve Xxx xxxx xxxx based on authentic user 

feedback.  

This survey will take approximately 10 minutes to complete, and does not involve any risks.  

𝗩𝗼𝗹혂𝗻혁𝗮𝗿𝘆 𝗽𝗮𝗿혁𝗶𝗰𝗶𝗽𝗮혁𝗶𝗼𝗻 

Your participation is completely voluntary. You can stop participation at any time. You can also withdraw 

your permission to use your data by emailing to jolijn.hesen@ Xxx xxxx xxxx within 3 days after completing 

the survey.  

𝗖𝗼𝗻𝗳𝗶𝗱𝗲𝗻혁𝗶𝗮𝗹𝗶혁𝘆 𝗮𝗻𝗱 혂혀𝗲, 혀혁𝗼𝗿𝗮𝗴𝗲, 𝗮𝗻𝗱 혀𝗵𝗮𝗿𝗶𝗻𝗴 𝗼𝗳 𝗱𝗮혁𝗮 

This study has been approved by the Ethical Review Board of Eindhoven University of Technology. Your 

participation is anonymous, we cannot track back your submission unless you write down a random 

username (pseudonym) under question 2 and share it with us. The responses you provide in this survey will 

be stored anonymously on a protected Xxx xxxx xxxx. In addition, the anonymized data which will (to the 

best of our knowledge and ability) not contain information that can identify you, nor a reference to Xxx 

xxxx xxxx, will be saved on an encrypted server of the Human Technology Interaction group for at least 10 

years.  

𝗙혂𝗿혁𝗵𝗲𝗿 𝗶𝗻𝗳𝗼𝗿𝗺𝗮혁𝗶𝗼𝗻 

If you want more information about this study, the study design, or the results, you can contact Jolijn Hesen 

(jolijn.hesen@ Xxx xxxx xxxx). You can report irregularities related to scientific integrity to confidential 

advisors of the TU/e, whose contact information can be found on www.tue.nl.  

1. By starting this study, I indicate that 

O I have read and understood the study procedure and I agree to voluntarily participate.  
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2. If you'd like to keep the opportunity to withdraw your permission to let us use your data, please write 

down a random username (pseudonym) that you will be able to remember 

We can use the pseudonym to find your entry in the data set and delete it upon your request 

 

3. For recognition purposes, this is a screenshot of Xxx xxxx xxxx 

 

4. How often do you use Xxx xxxx xxxx? 

O A few times per day 

O A few times per week 

O A few times per month 

O A few times per year 

O Never (you can stop the survey here)  

 

5. How long have you been using Xxx xxxx xxxx? 

O 0 - 3 months 

O 3 - 6 months 

O 0.5 - 1 years 

O 1 - 3 years 

O 3 - 10 years 

O 10+ years 

 

6. How long have you been working for Xxx xxxx xxxx? 

O 0 - 6 months 

O 0.5 - 1 years 

O 1 - 3 years 

O 3 - 10 years 

O 10+ years 
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7. Where are you based? 

O Europe 

O United States 

O Asia 

O Other 

 
 

8. In which subdivision/sector are you currently active? 

O Xxx xxx xxxx 

O Xxx xxx xxxx 

O Xxx xxx xxxx 

O Xxx xxx xxxx 

O Xxx xxx xxxx 

O Xxx xxx xxxx 

O Xxx xxx xxxx 

O Xxx xxx xxxx 

O Xxx xxx xxxx 

O Xxx xxx xxxx 

O Xxx xxx xxxx 

O Xxx xxx xxxx 

O Xxx xxx xxxx 

O Xxx xxx xxxx 

O Xxx xxx xxxx 

O Xxx xxx xxxx 

O I don't know 

O Other 

 
 

9. In which business line are you currently active? * 

O Xxx xxxx xxxx 

O Xxx xxxx xxxx 

O Xxx xxxx xxxx 

O None 

O Other 

 
 

10. What is your current role? 
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11. What do you like about Xxx xxxx xxxx?  

 
 

12. What could be improved about Xxx xxxx xxxx? 

 
 

13. How would you rate your overall satisfaction with Xxx xxxx xxxx?  

1  2  3  4  5 

Very unsatisfied  0  0  0  0  0  Very satisfied 

14. Do you agree or disagree with the following statements? *  

Please note the mix of positive and negatively worded statements 

 Strongly 

disagree 

(1) (2) (3) (4) (5) (6) 

Strongly 

agree  

(7) 

Xxx xxxx xxxx 

capabilities meet my 

requirements 

O O O O O O O 

Using Xxx xxxx xxxx is a 

frustrating experience 
O O O O O O O 

Xxx xxxx xxxx is 

easy to use 
O O O O O O O 

I have to spend too 

much time correcting 

things with Xxx xxxx 
xxxx 

O O O O O O O 
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15. Do you agree or disagree with the following statements? *  

Please:  

- answer the following questions with the most recent interactions you had with the Part Info Page in mind 

- note the mix of positive and negatively worded statements. 

 Strongly 

Disagree 

(1) (2) (3) (4) 

Strongly 

Agree 

(5) 

I think that I would like to use Xxx xxxx 
xxxx frequently  

O O O O O 

I found Xxx xxxx xxxx unnecessarily 

complex 
O O O O O 

I thought Xxx xxxx xxxx was easy to use  O O O O O 

I think that I would need the support of a 

technical person to be able to use Xxx xxxx 
xxxx 

O O O O O 

I found the various functions in Xxx xxxx 
xxxx were well integrated 

O O O O O 

I thought there was too much inconsistency 

in Xxx xxxx xxxx 
O O O O O 

I would imagine that most people would 

learn to use Xxx xxxx xxxx very quickly 
O O O O O 

I found Xxx xxxx xxxx very cumbersome to 

use 
O O O O O 

I felt very confident using Xxx xxxx xxxx O O O O O 

I needed to learn a lot of things before I 

could get going with Xxx xxxx xxxx 
O O O O O 
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APPENDIX C: INTERVIEW GUIDE 

Interview Guide 
Goal: learn how people perceive the different SUQs in terms of length/satisfaction, question clarity, 

applicability to Xxx xxxx xxxx apps, and extent to which they measure usability. 

INTRODUCTION (5MIN) 

1. Informed consent + Start recording 

o Xxx xxxx xxxx: https://htionline.tue.nl/limesurvey2/index.php/347525?lang=en  

o Xxx xxxx xxxx: https://htionline.tue.nl/limesurvey2/index.php/554383?lang=en 

2. Introduction 

o Thank the participant. Introduce myself and internship. Talk about interview procedure.  

o Questions for me? 

INTRO QUESTIONS (3MIN) 

3. Please introduce your role at Xxx xxxx xxxx. 

4. How long have you been using the application? How often do you use the application? 

5. What is your native language? Are you a native English speaker? 

USABILITY (3MIN) 

6. What makes a system usable? Easy to use? Satisfactory? User friendly? 

o Xxx xxxx xxxx:  

https://xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxx 

o Xxx xxxx xxxx:  

https://Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxx 

7. What do you think of the usability of the XXX application?  

QUESTIONNAIRES OVERVIEW (10MIN) 

8. Let participants fill out survey Form. 

o Let me know if anything is unclear.  

o Xxx xxxx xxxx: 
https://xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxx 

o Xxx xxxx xxxx: 

https://xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxx 

9. What were your first impression of the surveys? Why? 

https://htionline.tue.nl/limesurvey2/index.php/347525?lang=en
https://htionline.tue.nl/limesurvey2/index.php/554383?lang=en
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10. Rank the surveys ABC. [think aloud] Explain why they were ordered in such a way? 

BALANCE LENGTH/SATISFACTION (5MIN) 

11. How do you feel about the coverage of this questionnaire regarding usability?  

o Is all the feedback you’d like to give (on the xx application) covered by this 

questionnaire? (let participants think back about answers at point 6 and 7)  

o If not, what is missing?  

12. How do you think length and satisfaction balance out for these surveys? What would be for you 

the optimal balance between time spent on a survey and giving sufficient feedback? 

13. How would you feel about the coverage of this questionnaire regarding usability, if this question 

was combined with an open field? 

IN-DEPTH QUESTIONS (10MIN) 

14. SUS vs new SUS. [show blue/yellow] 

o yellow is a slight adaption of blue, what do you think of this adaption? 

o What do you think of the tenses used in yellow/blue? 

15. Understandability of questions 

o When you look at the wording of q8 of blue, how would you interpret this question? Do 

you think q8 of yellow asks the same or something different?  

16. What do you think of the applicability of these questions to Xxx xxxx xxxx apps? You can think 

specifically about Xxx xxxx xxxx  

o How would you interpret q1 of blue/yellow?  

o How would you interpret q4 of blue/yellow?  

17. UMUX vs UMUX-LITE  

o Purple E is a slight adaption of red, what do you think of this adaption? 

o How do you feel about the coverage of purple regarding usability?  

18. 5 vs 7 point scale 

o What do you think of the difference in answer format between blue/red?  

EXTRA 

19. How often would you want to receive such surveys?  

20. What do you think of in-app pop-ups, how much questions would you be willing to answer?  

FINAL (3MIN) 

21. Additional questions from observation 

22. Room for final thoughts 

23. Debriefing 

45mins (They might be late) 
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APPENDIX D: INFORMED CONSENT FORMS 

Information form for participants – Online Survey 
This research is performed by Jolijn Hesen, a Human-Technology Interaction master student who is 

conducting this study as Xxx xxxx xxxx User Experience Intern under supervision of Dimitra Micha Xxx 

xxxx xxxx and dr. W. Barendregt, dr. ir. S. Schoenmakers, and ir. S. Ipakchian Askari of the Human-

Technology Interaction group at Eindhoven University of Technology. 

Before participating, you should understand the procedure followed in this research, and give your informed 

consent for voluntary participation. Please read this text carefully. 

About this study 

The goal of this study is to acquire user feedback on the [NAME OF APPLICATION]. By filling out this 

survey you inform us on how we are doing and the results help us to further improve the [NAME OF 

APPLICATION] based on authentic user feedback.  

 

This survey will take approximately 10 minutes to complete, and does not involve any risks. 

 

Voluntary Participation 

Your participation is completely voluntary. You can stop participation at any time. You can also withdraw 

your permission to use your data by emailing to jolijn.hesen@ Xxx xxxx xxxx immediately after completing 

the survey. 

 

Confidentiality and use, storage, and sharing of data.  

This study has been approved by the Ethical Review Board of Eindhoven University of Technology. Your 

participation is anonymous, we cannot track back your submission unless you write down a personal 

letter/number combination under question 2 and share it with us. The responses you provide in this survey 

will be stored anonymously on a protected Xxx xxxx xxxx. In addition, the anonymized data which will (to 

the best of our knowledge and ability) not contain information that can identify you, nor a reference to Xxx 

xxxx xxxx, will be saved on an encrypted server of the Human Technology Interaction group for at least 10 

years. 

 

Further information 

If you want more information about this study, the study design, or the results, you can contact Jolijn Hesen 

(jolijn.hesen@ Xxx xxxx xxxx). You can report irregularities related to scientific integrity to confidential 

advisors of the TU/e, whose contact information can be found on www.tue.nl. 

 

Certificate of consent 

By starting this study, I indicate that I have read and understood the study procedure, and I agree to 

voluntarily participate.  
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Information form for participants – Interviews  
This document gives you information about the study “Questionnaires for Usability Feedback”. Before the 

study begins, it is important that you learn about the procedure followed in this study and that you give 

your informed consent for voluntary participation. Please read this document carefully.  

 

Aim and benefit of the study 

The aim of this study is to evaluate Xxx xxxx xxxx questionnaires for usability feedback. This information 

is used to inform the User Experience Xxx xxxx xxxx team at Xxx xxxx xxxx on what are suitable 

questionnaires for acquiring usability feedback. These questionnaires in turn, help Xxx xxxx xxxx to conduct 

quality user research which helps developers teams on setting and achieving the proper goals and it allows 

for further improvement of the applications based on authentic user feedback.  

This study is performed by Jolijn Hesen, a Human-Technology Interaction master student who is 

conducting this research as Xxx xxxx xxxx User Experience Intern under supervision of Dimitra Micha Xxx 

xxxx xxxx and dr. W. Barendregt, dr. ir. S. Schoenmakers, and ir. S. Ipakchian Askari of the Human-

Technology Interaction group at Eindhoven University of Technology. 

 

Procedure  

The interviews will be conducted and recorded via Microsoft Teams. You will be asked to fill out a 

questionnaire about the [name of application] while sharing your screen. In addition, you will be requested 

to think out loud, meaning that you verbalize the thoughts that come to mind while filling out the 

questionnaire. After finishing the questionnaire, the usability practitioner (Jolijn Hesen) will interview you 

on how you experienced the questionnaire by asking additional questions.  

 

Risks 

The study does not involve any risks, detrimental side effects, or cause discomfort.  

 

Duration 

The instructions, interview and debriefing will take approximately 30 minutes. 

 

Participants 

You were selected because you were registered as a user of the [application name]. 

 

Voluntary 

Your participation is completely voluntary. You can refuse to participate without giving any reasons and 

you can stop your participation at any time during the study. You can also withdraw your permission to use 

your data up to 24 hours after they were recorded. None of this will have any negative consequences for 

you whatsoever. 

 

Confidentiality and use, storage, and sharing of data.  

All research conducted at the Human-Technology Interaction Group adheres to the Code of Ethics of the 

NIP (Nederlands Instituut voor Psychologen – Dutch Institute for Psychologists), and this study has been 

approved by the Ethical Review Board of the department.  
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In this study, experimental data (your responses to the questionnaire, transcriptions and recordings of your 

verbalized speech while filling out the questionnaire, and your answers to the usability practitioner’s 

questions) will be recorded analyzed and stored Xxx xxxx xxxx in a folder accessible to only Jolijn Hesen 

and Dimitra Micha. Within one month after finishing the Xxx xxxx xxxx internship, the recordings and 

transcriptions of the interviews will be deleted from Xxx xxxx xxxx by either Jolijn Hesen or Dimitra Micha.  

 

The anonymized experimental data (your responses to the questionnaire, transcriptions and recordings of 

your verbalized speech while filling out the questionnaire, and your answers to the usability practitioner’s 

questions) will (to the best of our knowledge and ability) not contain information that can identify you, nor 

a reference to Xxx xxxx xxxx, will also be stored on an encrypted server of the Human Technology 

Interaction group for at least 10 years that is only accessible by selected HTI staff members.  

 

We will not share personal information about you or your responses in this study with anyone outside of 

the research team. Only the researchers will know your identity and responses and we will store that 

information in an encrypted and password protected database. 

  

Audio and video recordings that are made, will not be distributed and will not be played back in the presence 

of persons other than the researchers. The recordings will be used only for scientific analysis, and deleted 

from Xxx xxxx xxxx within one month after finishing the Xxx xxxx xxxx internship. 

 

Further information 

If you want more information about this study, the study design, or the results, you can contact Jolijn Hesen 

(contact email: jolijn.hesen Xxx xxxx xxxx).  

  

If you have any complaints about this study, please contact the supervisor, Dimitra Micha (contact email: 

dimitra.micha Xxx xxxx xxxx). You can report irregularities related to scientific integrity to confidential 

advisors of the TU/e. 
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Informed consent form 
 

Questionnaires for Usability Feedback 

 

- I have read and understood the information of the corresponding information form for participants.  

 

- I have been given the opportunity to ask questions. My questions are sufficiently answered, and I 

had sufficient time to decide whether I participate.  

 

- I know that my participation is completely voluntary. I know that I can refuse to participate and that I 

can stop my participation at any time during the study, without giving any reasons. I know that I can 

withdraw permission to use my data up to 24 hours after the data have been recorded. 

 

- I agree to voluntarily participate in this study carried out by the research group Human Technology 

Interaction of the Eindhoven University of Technology. 

 

- I know that no information that can be used to personally identify me or my responses in this study 

will be shared with anyone outside of the research team. 

 

 

Certificate of consent 

 

I, (NAME) 

……………………………………….………………………………………………………………………

…  

want and provide consent to participate in this study. 

 

 

 

 

 

 

 

Participant’s Signature Date 
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APPENDIX E: PERMUTATION TESTING FIGURES 

 

 

Figure 1. Distribution of differences between adjusted and original SUS scores for item 1 found in 5000 

permutations. Gray bars indicate the frequency of each difference found in the permutations and the red 

line indicates the difference found in the original sample by subtracting the original SUS item score from 

the adjusted SUS item score. The proportion of times the permutations found an absolute difference equal 

or greater than the difference found in the original sample was p = .013. 

 

 

Figure 2. The distribution of permutation p-values found in 500 simulations of permutation testing with 

each 1000 permutations of sample size n=236 for SUS item 1. The gray bars indicate the frequency of 

permutation p-values found in the 500 permutation tests and the red line indicates the significance level of 

α = .05. 

Permutation p-values 
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Figure 3. Distribution of differences between adjusted and original SUS scores for item 2 found in 5000 

permutations. Gray bars indicate the frequency of each difference found in the permutations and the red 

line indicates the difference found in the original sample by subtracting the original SUS item score from 

the adjusted SUS item score. The proportion of times the permutations found an absolute difference equal 

or greater than the difference found in the original sample was p = .38. 

 

 

Figure 4. Distribution of differences between adjusted and original SUS scores for item 3 found in 5000 

permutations. Gray bars indicate the frequency of each difference found in the permutations and the red 

line indicates the difference found in the original sample by subtracting the original SUS item score from 

the adjusted SUS item score. The proportion of times the permutations found an absolute difference equal 

or greater than the difference found in the original sample was p = .12. 
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Figure 5. Distribution of differences between adjusted and original SUS scores for item 4 found in 5000 

permutations. Gray bars indicate the frequency of each difference found in the permutations and the red 

line indicates the difference found in the original sample by subtracting the original SUS item score from 

the adjusted SUS item score. The proportion of times the permutations found an absolute difference equal 

or greater than the difference found in the original sample was p = .0054. 

 

 

Figure 6. The distribution of permutation p-values found in 500 simulations of permutation testing with 

each 1000 permutations of sample size n=236 for SUS item 4. The gray bars indicate the frequency of 

permutation p-values found in the 500 permutation tests and the red line indicates the significance level of 

α = .05. 

Permutation p-values 
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Figure 7. Distribution of differences between adjusted and original SUS scores for item 5 found in 5000 

permutations. Gray bars indicate the frequency of each difference found in the permutations and the red 

line indicates the difference found in the original sample by subtracting the original SUS item score from 

the adjusted SUS item score. The proportion of times the permutations found an absolute difference equal 

or greater than the difference found in the original sample was p = .19. 

 

 

Figure 8. Distribution of differences between adjusted and original SUS scores for item 6 found in 5000 

permutations. Gray bars indicate the frequency of each difference found in the permutations and the red 

line indicates the difference found in the original sample by subtracting the original SUS item score from 

the adjusted SUS item score. The proportion of times the permutations found an absolute difference equal 

or greater than the difference found in the original sample was p = .028. 
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Figure 9. The distribution of permutation p-values found in 500 simulations of permutation testing with 

each 1000 permutations of sample size n=236 for SUS item 6. The gray bars indicate the frequency of 

permutation p-values found in the 500 permutation tests and the red line indicates the significance level of 

α = .05. 

 

 

Figure 10. Distribution of differences between adjusted and original SUS scores for item 7 found in 5000 

permutations. Gray bars indicate the frequency of each difference found in the permutations and the red 

line indicates the difference found in the original sample by subtracting the original SUS item score from 

the adjusted SUS item score. The proportion of times the permutations found an absolute difference equal 

or greater than the difference found in the original sample was p < .001. 

 

Permutation p-values 
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Figure 11. The distribution of permutation p-values found in 500 simulations of permutation testing with 

each 1000 permutations of sample size n=236 for SUS item 7. The gray bars indicate the frequency of 

permutation p-values found in the 500 permutation tests and the red line indicates the significance level of 

α = .05. 

 

 

Figure 12. Distribution of differences between adjusted and original SUS scores for item 8 found in 5000 

permutations. Gray bars indicate the frequency of each difference found in the permutations and the red 

line indicates the difference found in the original sample by subtracting the original SUS item score from 

the adjusted SUS item score. The proportion of times the permutations found an absolute difference equal 

or greater than the difference found in the original sample was p < .001. 

 

 

Permutation p-values 
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Figure 13. The distribution of permutation p-values found in 500 simulations of permutation testing with 

each 1000 permutations of sample size n=236 for SUS item 8. The gray bars indicate the frequency of 

permutation p-values found in the 500 permutation tests and the red line indicates the significance level of 

α = .05. 

 

 

Figure 14. Distribution of differences between adjusted and original SUS scores for item 9 found in 5000 

permutations. Gray bars indicate the frequency of each difference found in the permutations and the red 

line indicates the difference found in the original sample by subtracting the original SUS item score from 

the adjusted SUS item score. The proportion of times the permutations found an absolute difference equal 

or greater than the difference found in the original sample was p = .78. 

 

Permutation p-values 
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Figure 15. Distribution of differences between adjusted and original SUS scores for item 10 found in 5000 

permutations. Gray bars indicate the frequency of each difference found in the permutations and the red 

line indicates the difference found in the original sample by subtracting the original SUS item score from 

the adjusted SUS item score. The proportion of times the permutations found an absolute difference equal 

or greater than the difference found in the original sample was p = .92. 
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APPENDIX F: POST-HOC TUKEY PAIRWISE 
COMPARISONS  

This Appendix includes all sixty post-hoc Tukey pairwise comparisons from the sensitivity analyses of the 

SUS, UMUX, UMUX-lite/liteR, CSAT, and minimized SUS scores using ANOVAs. As each metric was 

used fifteen times for the pairwise comparison, the p-values should be interpreted with a Bonferroni 

correction of .05/15 = .003.  

 
> # anova ------------------------------------------------------------------ 
> res.aov <- aov(susscore ~ alldata$app, alldata) 
> summary(res.aov) 
              Df Sum Sq Mean Sq F value Pr(>F)     
alldata$app    2 130166   65083   218.8 <2e-16 *** 
Residuals   1813 539260     297                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(res.aov) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = susscore ~ alldata$app, data = alldata) 
 
$`alldata$app` 
                 diff       lwr       upr     p adj 
xxxxxxxx    -1.244715 -5.261652  2.772221 0.7475982 
xxxxxxxx    17.250595 15.157762 19.343428 0.0000000 
xxxxxxxx    18.495311 14.669143 22.321478 0.0000000 
 
> # anova ------------------------------------------------------------------ 
> res.aov <- aov(umuxscore ~ alldata$app, alldata) 
> summary(res.aov) 
              Df Sum Sq Mean Sq F value Pr(>F)     
alldata$app    2 239547  119773   342.6 <2e-16 *** 
Residuals   1813 633791     350                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(res.aov) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = umuxscore ~ alldata$app, data = alldata) 
 
$`alldata$app` 
                 diff       lwr       upr     p adj 
xxxxxxxx     0.487744 -3.867064  4.842552 0.9626691 
xxxxxxxx    23.811278 21.542414 26.080142 0.0000000 
xxxxxxxx    23.323534 19.175541 27.471527 0.0000000 
 
> # anova ------------------------------------------------------------------ 
> res.aov <- aov(umuxlite ~ alldata$app, alldata) 
> summary(res.aov) 
              Df Sum Sq Mean Sq F value Pr(>F)     
alldata$app    2 201650  100825   241.7 <2e-16 *** 
Residuals   1813 756325     417                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(res.aov) 

App3 – App1 
App2 – App1 
App2 – App3 

App3 – App1 
App2 – App1 
App2 – App3 
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  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = umuxlite ~ alldata$app, data = alldata) 
 
$`alldata$app` 
                 diff       lwr       upr     p adj 
xxxxxxxxx   -2.190233 -6.947418  2.566952 0.5266547 
            21.341279 18.862776 23.819783 0.0000000 
            23.531512 19.000252 28.062772 0.0000000 
 
> # anova ------------------------------------------------------------------ 
> res.aov <- aov(umuxlite_r ~ alldata$app, alldata) 
> summary(res.aov) 
              Df Sum Sq Mean Sq F value Pr(>F)     
alldata$app    2  85197   42599   241.7 <2e-16 *** 
Residuals   1813 319547     176                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(res.aov) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = umuxlite_r ~ alldata$app, data = alldata) 
 
$`alldata$app` 
                 diff       lwr       upr     p adj 
            -1.423651 -4.515822  1.668519 0.5266547 
            13.871831 12.260804 15.482859 0.0000000 
            15.295483 12.350164 18.240802 0.0000000 
 

> # anova ------------------------------------------------------------------ 
> res.aov <- aov(csat ~ alldata$app, alldata) 
> summary(res.aov) 
              Df Sum Sq Mean Sq F value Pr(>F)     
alldata$app    2  368.3  184.13   265.6 <2e-16 *** 
Residuals   1813 1256.8    0.69                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(res.aov) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = csat ~ alldata$app, data = alldata) 
 
$`alldata$app` 
                  diff        lwr        upr     p adj 
            -0.1095442 -0.3034694 0.08438097 0.3814034 
             0.9086880  0.8076525 1.00972343 0.0000000 
             1.0182322  0.8335168 1.20294764 0.0000000 
 
> # anova ------------------------------------------------------------------ 
> res.aov <- aov(minsusscore ~ alldata$app, alldata) 
> summary(res.aov) 
              Df Sum Sq Mean Sq F value Pr(>F)     
alldata$app    2 105460   52730   169.8 <2e-16 *** 
Residuals   1813 563043     311                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(res.aov) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = minsusscore ~ alldata$app, data = alldata) 

App3 – App1 
App2 – App1 
App2 – App3 

App3 – App1 
App2 – App1 
App2 – App3 

App3 – App1 
App2 – App1 
App2 – App3 
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$`alldata$app` 
                 diff      lwr       upr     p adj 
            -1.594909 -5.69947  2.509653 0.6331226 
            15.431219 13.29273 17.569704 0.0000000 
            17.026127 13.11650 20.935758 0.0000000 
 
> # anova ------------------------------------------------------------------ 
> res.aov <- aov(susscore ~ alldata$freq_use, alldata) 
> summary(res.aov) 
                   Df Sum Sq Mean Sq F value Pr(>F)     
alldata$freq_use    3  90938   30313   94.95 <2e-16 *** 
Residuals        1812 578488     319                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(res.aov) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = susscore ~ alldata$freq_use, data = alldata) 
 
$`alldata$freq_use` 
                                                 diff        lwr         upr     p adj 
A few times per month-A few times per day  -16.943102 -19.940515 -13.9456881 0.0000000 
A few times per week-A few times per day    -9.039741 -11.538877  -6.5406052 0.0000000 
A few times per year-A few times per day   -21.090336 -25.907887 -16.2727852 0.0000000 
A few times per week-A few times per month   7.903361   4.899789  10.9069330 0.0000000 
A few times per year-A few times per month  -4.147234  -9.244740   0.9502712 0.1560294 
A few times per year-A few times per week  -12.050595 -16.871980  -7.2292102 0.0000000 
 
> # anova ------------------------------------------------------------------ 
> res.aov <- aov(umuxscore ~ alldata$freq_use, alldata) 
> summary(res.aov) 
                   Df Sum Sq Mean Sq F value Pr(>F)     
alldata$freq_use    3  80226   26742    61.1 <2e-16 *** 
Residuals        1812 793112     438                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(res.aov) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = umuxscore ~ alldata$freq_use, data = alldata) 
 
$`alldata$freq_use` 
                                                 diff        lwr        upr     p adj 
A few times per month-A few times per day  -15.816846 -19.326520 -12.307171 0.0000000 
A few times per week-A few times per day    -8.140392 -11.066632  -5.214151 0.0000000 
A few times per year-A few times per day   -20.200163 -25.841039 -14.559288 0.0000000 
A few times per week-A few times per month   7.676454   4.159568  11.193340 0.0000001 
A few times per year-A few times per month  -4.383318 -10.351992   1.585356 0.2333285 
A few times per year-A few times per week  -12.059772 -17.705136  -6.414407 0.0000003 
 
> # anova ------------------------------------------------------------------ 
> res.aov <- aov(umuxlite ~ alldata$freq_use, alldata) 
> summary(res.aov) 
                   Df Sum Sq Mean Sq F value Pr(>F)     
alldata$freq_use    3  99393   33131   69.92 <2e-16 *** 
Residuals        1812 858582     474                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(res.aov) 

App3 – App1 
App2 – App1 
App2 – App3 
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  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = umuxlite ~ alldata$freq_use, data = alldata) 
 
$`alldata$freq_use` 
                                                 diff       lwr         upr     p adj 
A few times per month-A few times per day  -17.079920 -20.73158 -13.4282589 0.0000000 
A few times per week-A few times per day    -9.414537 -12.45916  -6.3699131 0.0000000 
A few times per year-A few times per day   -23.434874 -29.30395 -17.5657935 0.0000000 
A few times per week-A few times per month   7.665383   4.00622  11.3245466 0.0000005 
A few times per year-A few times per month  -6.354954 -12.56510  -0.1448133 0.0425766 
A few times per year-A few times per week  -14.020337 -19.89409  -8.1465858 0.0000000 
 
> # anova ------------------------------------------------------------------ 
> res.aov <- aov(umuxlite_r ~ alldata$freq_use, alldata) 
> summary(res.aov) 
                   Df Sum Sq Mean Sq F value Pr(>F)     
alldata$freq_use    3  41994   13998   69.92 <2e-16 *** 
Residuals        1812 362751     200                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(res.aov) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = umuxlite_r ~ alldata$freq_use, data = alldata) 
 
$`alldata$freq_use` 
                                                 diff        lwr          upr     p adj 
A few times per month-A few times per day  -11.101948 -13.475527  -8.72836826 0.0000000 
A few times per week-A few times per day    -6.119449  -8.098454  -4.14044354 0.0000000 
A few times per year-A few times per day   -15.232668 -19.047570 -11.41776575 0.0000000 
A few times per week-A few times per month   4.982499   2.604043   7.36095526 0.0000005 
A few times per year-A few times per month  -4.130720  -8.167312  -0.09412862 0.0425766 
A few times per year-A few times per week   -9.113219 -12.931158  -5.29528079 0.0000000 
 
> # anova ------------------------------------------------------------------ 
> res.aov <- aov(csat ~ alldata$freq_use, alldata) 
> summary(res.aov) 
                   Df Sum Sq Mean Sq F value Pr(>F)     
alldata$freq_use    3  148.7   49.56   60.82 <2e-16 *** 
Residuals        1812 1476.4    0.81                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(res.aov) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = csat ~ alldata$freq_use, data = alldata) 
 
$`alldata$freq_use` 
                                                 diff        lwr        upr     p adj 
A few times per month-A few times per day  -0.6811363 -0.8325633 -0.5297093 0.0000000 
A few times per week-A few times per day   -0.3526611 -0.4789155 -0.2264067 0.0000000 
A few times per year-A few times per day   -0.8681373 -1.1115162 -0.6247583 0.0000000 
A few times per week-A few times per month  0.3284753  0.1767371  0.4802134 0.0000002 
A few times per year-A few times per month -0.1870009 -0.4445230  0.0705211 0.2426059 
A few times per year-A few times per week  -0.5154762 -0.7590488 -0.2719036 0.0000004 
 
> # anova ------------------------------------------------------------------ 
> res.aov <- aov(minsusscore ~ alldata$freq_use, alldata) 
> summary(res.aov) 
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                   Df Sum Sq Mean Sq F value Pr(>F)     
alldata$freq_use    3  68258   22753   68.69 <2e-16 *** 
Residuals        1812 600245     331                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
> TukeyHSD(res.aov) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = minsusscore ~ alldata$freq_use, data = alldata) 
 
$`alldata$freq_use` 
                                                 diff        lwr        upr     p adj 
A few times per month-A few times per day  -14.905301 -17.958561 -11.852041 0.0000000 
A few times per week-A few times per day    -7.790054 -10.335752  -5.244355 0.0000000 
A few times per year-A few times per day   -17.744348 -22.651657 -12.837039 0.0000000 
A few times per week-A few times per month   7.115248   4.055715  10.174781 0.0000000 
A few times per year-A few times per month  -2.839046  -8.031526   2.353433 0.4957269 
A few times per year-A few times per week   -9.954294 -14.865509  -5.043080 0.0000012 
 
> # anova ------------------------------------------------------------------ 
> res.aov <- aov(susscore ~ alldata$time_use, alldata) 
> summary(res.aov) 
                   Df Sum Sq Mean Sq F value Pr(>F)     
alldata$time_use    3  58364   19455   57.66 <2e-16 *** 
Residuals        1810 610652     337                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
2 observations deleted due to missingness 
> TukeyHSD(res.aov) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = susscore ~ alldata$time_use, data = alldata) 
 
$`alldata$time_use` 
                  diff       lwr       upr     p adj 
1-3 y-0-1 y   6.177316  3.414704  8.939928 0.0000001 
3-10 y-0-1 y 14.602163 11.458547 17.745780 0.0000000 
10+ y-0-1 y  18.747768 12.677508 24.818027 0.0000000 
3-10 y-1-3 y  8.424847  5.676136 11.173559 0.0000000 
10+ y-1-3 y  12.570452  6.694982 18.445921 0.0000003 
10+ y-3-10 y  4.145604 -1.918342 10.209551 0.2941776 
 
> # anova ------------------------------------------------------------------ 
> res.aov <- aov(umuxscore ~ alldata$time_use, alldata) 
> summary(res.aov) 
                   Df Sum Sq Mean Sq F value Pr(>F)     
alldata$time_use    3  61880   20627   46.04 <2e-16 *** 
Residuals        1810 810932     448                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
2 observations deleted due to missingness 
> TukeyHSD(res.aov) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = umuxscore ~ alldata$time_use, data = alldata) 
 
$`alldata$time_use` 
                  diff       lwr       upr     p adj 
1-3 y-0-1 y   5.129638  1.946060  8.313215 0.0002095 
3-10 y-0-1 y 14.680060 11.057420 18.302699 0.0000000 
10+ y-0-1 y  19.084821 12.089578 26.080064 0.0000000 
3-10 y-1-3 y  9.550422  6.382863 12.717981 0.0000000 
10+ y-1-3 y  13.955184  7.184413 20.725955 0.0000008 
10+ y-3-10 y  4.404762 -2.583206 11.392730 0.3670320 
 
> # anova ------------------------------------------------------------------ 



IMPROVING THE SUS FOR USABILITY EVALUATION IN PRACTICE 80 

> res.aov <- aov(umuxlite ~ alldata$time_use, alldata) 
> summary(res.aov) 
                   Df Sum Sq Mean Sq F value Pr(>F)     
alldata$time_use    3  50539   16846   33.66 <2e-16 *** 
Residuals        1810 905870     500                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
2 observations deleted due to missingness 
> TukeyHSD(res.aov) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = umuxlite ~ alldata$time_use, data = alldata) 
 
$`alldata$time_use` 
                  diff       lwr       upr     p adj 
1-3 y-0-1 y   5.271856  1.907080  8.636632 0.0003399 
3-10 y-0-1 y 13.447802  9.618974 17.276630 0.0000000 
10+ y-0-1 y  17.440476 10.047088 24.833865 0.0000000 
3-10 y-1-3 y  8.175946  4.828100 11.523792 0.0000000 
10+ y-1-3 y  12.168620  5.012480 19.324760 0.0000765 
10+ y-3-10 y  3.992674 -3.393025 11.378373 0.5057037 
 
> # anova ------------------------------------------------------------------ 
> res.aov <- aov(umuxlite_r ~ alldata$time_use, alldata) 
> summary(res.aov) 
                   Df Sum Sq Mean Sq F value Pr(>F)     
alldata$time_use    3  21353    7118   33.66 <2e-16 *** 
Residuals        1810 382730     211                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
2 observations deleted due to missingness 
> TukeyHSD(res.aov) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = umuxlite_r ~ alldata$time_use, data = alldata) 
 
$`alldata$time_use` 
                  diff       lwr       upr     p adj 
1-3 y-0-1 y   3.426706  1.239602  5.613811 0.0003399 
3-10 y-0-1 y  8.741071  6.252333 11.229810 0.0000000 
10+ y-0-1 y  11.336310  6.530607 16.142012 0.0000000 
3-10 y-1-3 y  5.314365  3.138265  7.490465 0.0000000 
10+ y-1-3 y   7.909603  3.258112 12.561094 0.0000765 
10+ y-3-10 y  2.595238 -2.205466  7.395943 0.5057037 
 
> # anova ------------------------------------------------------------------ 
> res.aov <- aov(csat ~ alldata$time_use, alldata) 
> summary(res.aov) 
                   Df Sum Sq Mean Sq F value Pr(>F)     
alldata$time_use    3  108.1   36.04   43.08 <2e-16 *** 
Residuals        1810 1514.0    0.84                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
2 observations deleted due to missingness 
> TukeyHSD(res.aov) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = csat ~ alldata$time_use, data = alldata) 
 
$`alldata$time_use` 
                  diff         lwr       upr     p adj 
1-3 y-0-1 y  0.2061162  0.06855625 0.3436762 0.0006970 
3-10 y-0-1 y 0.6267170  0.47018550 0.7832486 0.0000000 
10+ y-0-1 y  0.7223214  0.42006224 1.0245806 0.0000000 
3-10 y-1-3 y 0.4206008  0.28373294 0.5574687 0.0000000 
10+ y-1-3 y  0.5162052  0.22364527 0.8087651 0.0000360 
10+ y-3-10 y 0.0956044 -0.20634044 0.3975492 0.8477965 
 
> # anova ------------------------------------------------------------------ 



IMPROVING THE SUS FOR USABILITY EVALUATION IN PRACTICE 81 

> res.aov <- aov(minsusscore ~ alldata$time_use, alldata) 
> summary(res.aov) 
                   Df Sum Sq Mean Sq F value Pr(>F)     
alldata$time_use    3  53903   17968   52.94 <2e-16 *** 
Residuals        1810 614284     339                    
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
2 observations deleted due to missingness 
> TukeyHSD(res.aov) 
  Tukey multiple comparisons of means 
    95% family-wise confidence level 
 
Fit: aov(formula = minsusscore ~ alldata$time_use, data = alldata) 
 
$`alldata$time_use` 
                  diff       lwr       upr     p adj 
1-3 y-0-1 y   6.114060  3.343243  8.884877 0.0000001 
3-10 y-0-1 y 13.915203 10.762250 17.068157 0.0000000 
10+ y-0-1 y  18.671875 12.583586 24.760164 0.0000000 
3-10 y-1-3 y  7.801143  5.044267 10.558019 0.0000000 
10+ y-1-3 y  12.557815  6.664895 18.450736 0.0000003 
10+ y-3-10 y  4.756672 -1.325285 10.838629 0.1841820 
 

  



IMPROVING THE SUS FOR USABILITY EVALUATION IN PRACTICE 82 

APPENDIX G: SUMMARY OF MEAN DIFFERENCES 
FOUND BETWEEN THE SUS AND ALTERNATIVE 
METRICS 

Table 1 

Mean Differences Between the SUS Score and Alternative Metrics Collected in Previous Studies 

Study 

SUS score 

(CGS) N UMUX 

UMUX-

lite 

UMUX-

liteR 

Minimized 

SUS 

Finstad (2010) 28.8 (F) 273 1.1 
   

Finstad (2010) 88.4 (A+) 285 0.5 
   

Lewis et al. (2013) ?<B+ 389 0.4 3.2 -0.7  

Berkman & Karahoca (2016) 79.5 (A-) 151 1.3 1 5.5 
 

Lewis (2018) 68.7 (C) 618 -0.4 -2 -0.2 
 

Lewis (2019) 69.6 (C) 390 -2.3 -4.4 -1.4 
 

Lewis (2019) 75.5 (B) 453 -0.9 -2.5 1.9 
 

Lewis (2019) 84.8 (A+) 338 -1.6 -1.8 5.6 
 

Lewis (2019) 78.0 (B+) 256 0.3 0.3 4.6 
 

Lah et al. (2020) ?<B+ 483 -0.2 -3.5 -0.4 
 

Lah et al. (2020) ?<B+ 546 -1.1 -2.5 -4.7 
 

Current study: app1 54.7 (D) 554 4.0 3.3 -1.3 0.31 

Current study: app2 71.8 (C+) 1135 -3.0 -0.9 1.6 2.1 

Current study: app3 53.3 (D) 124 2.1 3.6 -1.3 0.75 

Mean (SD) current study   1.0 (3.6) 2 (2.5) -0.3 (1.7) 1.06 (0.95) 

Mean (SD) all studies   0.009 (1.8) -0.52 (2.8) 0.78 (3.2)  

 

 


