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ABSTRACT

The System Usability Scale (SUS) is a widely used questionnaire to assess the sub-
jective usability of interactive products or services. Past research has already demon-
strated psychometric properties of the SUS in different languages. However, there
are no international psychometric studies that empirically proof that the SUS can be
applied for the same product in different international markets. Therefore, the aim of
this study was to investigate if the SUS provides comparable results. Participants from
China, Germany and the USAwere asked to perform different use cases using the info-
tainment system of a series production vehicle followed by an evaluation using SUS
in their corresponding language. We assessed various psychometric quality measures
to evaluate the SUS. Based on the results, the translations received validation support
to a certain extent, but further research or adjustments are necessary to validate the
SUS as a global questionnaire in the context of an infotainment system.

Keywords: Usability, Method development, Human machine interface, System usability scale,
Intercultural comparison

INTRODUCTION

Due to technological advancement, the interaction between systems and users
is playing an increasingly important role worldwide. Globalization emphasi-
zes the cultural factor of such an interaction. In-Vehicle Information Systems
(IVIS) are a standard technology in many road vehicles but new features can
lead to distraction and safety issues (Svenson & Patten, 2005). Therefore,
the usability design of IVIS is crucial. The evaluation of usability in turn is
important to assess the extent an IVIS meets the characteristics of usability.
The greater aim of those evaluations is to increase the usability by identifying
areas of improvement in the interactions (Gray & Salzman, 1998). Results
can be used to provide feedback on a product, to indicate the likely success of
a product in the intended market or to compare two or more similar products
(Butler, 1996; Rennie, 1981). Usability of a product or a system can be evalu-
ated using questionnaires which are a cost-effective and time-efficient method
to collect self-reported data from users. The quality of those questionnaires
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can be classified by their psychometrics. Psychological questionnaires should
generally include reliability, construct validity, and sensitivity considerations
(Nunnally, 1978). The most widely used questionnaire to assess the usability
of a system or product is the System Usability Scale (SUS) by Brooke (1986).
The survey consists of ten questions, each to be answered on a five-point
Likert scale from “strongly agree” to “strongly disagree”. The scale is now
being used in various surveys to assess the usability of user interfaces, such as
software interfaces, websites or In-Vehicle interfaces (Bangor et al., 2008) and
has been established as an industry standard (Baumgartner et al., 2019; Lewis
& Sauro, 2017). Measuring usability using the SUS only takes mere minutes
per system and participant which makes it a convenient method in the indu-
stry context (Orfanou et al., 2015). Since the SUS was developed, numerous
studies have confirmed its excellent psychometric properties (Lewis, 2018).
It can be used for small sample sizes while still yielding reliable test results
(Tullis & Stetson, 2004). Another advantage of the SUS is that it is techno-
logy agnostic and can therefore be used to assess the usability of a wide range
of products, such as phones or IVIS (Li et al., 2017) and automated driving
(Forster et al., 2019). Originally, the SUS was developed having a one factor
structure with the one factor of perceived usability. Multiple studies reanaly-
zed SUS indicating a two factors structure (Borsci et al., 2009), with items 4
and 10 aligning on a separate factor from the other items. Lewis and Sauro
(2009) defined the two factors as Learnability (items 4 and 10) and Usability
(all other items). An increasing number of studies are focusing on usability
across cultures (Clemmensen, 2011; Clemmensen & Roese, 2010). There-
fore, the SUS has already been translated into different languages. Vatrapu
and Perez-Quinones (2006) claim that usability testing cannot provide accu-
rate information of a local product when it is tested using techniques that do
not consider cultural influences. Numerous cross-culture studies have been
conducted on a wide range of products and cultures using the SUS in order
to investigate usability. Those studies show significant differences in perfor-
mance among users from different cultures (Gao et al., 2020). However, it is
difficult to identify the reasons for these differences. Finstad (2006) argued
that the original SUS may not be suitable in multicultural environments as
non-native English speakers may interpret it differently. This assumption ali-
gns with the results of Marzuki et al. (2018) showing that different cultures
can interpret similar words or phrases in a different manner. Cultural and lin-
guistic differences are often insufficiently considered in the literal translation
of questionnaires (Hilton & Skrutkowski, 2002). This negligence can also
be found in the usage of the SUS: In the Polish translation the word “cum-
bersome” in item 8 of the SUS is replaced by “inconvenient” (Borkowska &
Jach, 2017); in the Arabic translation it is replaced by “strange” (AlGhannam
et al., 2018). Wang et al. (2020) stressed that a certain concept does not have
the same relevance in different cultures. Although there are multiple studies
that examined the reliability and validity of the questionnaires’ translations,
a literature research did not reveal the extent to which an international com-
parison of the same product in different markets using the SUS is reliable,
valid and sensitive. Therefore, the goal of this study is to investigate if the
SUS leads to comparable results or if cultural background may influence the
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results. The study aims to answer the research question if the SUS is indeed
a global questionnaire.

METHOD

Participants

In total, N = 102 participants took part in the on-road study with n = 36
from China, n = 36 in the USA and n = 30 in Germany. In Germany, three
females and 27 males participated in the study with 15 participants owning
a BMW. The mean age was 54.0 years (SD = 11.0) ranging from 26 to 74
years. None of the participants experienced BMW’s ID 7.0 previously. In the
USA 24 male and 12 female participants took part in the study. Mean age in
the USA was 39.5 years (SD = 8.3) with a range from 27 to 68 years. Sixteen
participants owned a BMW. In total, 36 participants took part in the study in
China with 28 being male. The mean age was 35.5 years (SD = 7.1) with a
range from 25 to 54 years. The majority of the participants (N = 18) owned
a BMW.

Human Machine Interface

The participants were able to interact with the infotainment system of the
BMW X5 using the vehicles Human-Machine-Interface (HMI). The intera-
ction with the system is possible using multiple interaction modalities. Users
can operate with a central control element which consists of control buttons
(e.g., menu, back, options) and a controller which is operated by pressing,
shifting and rotating. Also, the users can use the touch screen or the voice
control which can be activated through a button on the steering wheel.

Study Design and Procedure

The study was conducted as a between-subjects design with country being
the independent variable and the score of the SUS being the dependent vari-
able. The study was conducted in three different countries and was carried
out in Shanghai, China in 2019, in Sherman Oaks, California, USA in 2019
and in Würzburg, Germany in 2018. In each country, a corresponding native
speaking investigator conducted the study. After welcoming the participants
and proving a consent form, a preliminary survey was conducted. The par-
ticipants filled out a demographic questionnaire and answered additional
questions about vehicle usage and experience with the interaction moda-
lities. After an introduction into the vehicle operations of the BMW X5,
participants were asked to perform different use cases in the vehicle. The inve-
stigator sat in the passenger seat and read the tasks out loud. Each participant
completed a total of nine use cases with five use cases being conducted while
driving. After finishing each use case in all modalities, the next use case was
carried out. The tasks were always started from the home screen of the IVIS.
The driving use cases were conducted in a traffic restrictive area. The partici-
pants drove a given route with a maximum speed of 30 km/h. It was pointed
out that the driving safety had the highest priority and that drivers should
refuse to handle use cases if the use cases seem to be too distracting. After
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completing the nine use cases, participants evaluated the infotainment system
of the BMW X5 regarding usability using the SUS in their corresponding
language.

Statistical Procedure and Data Analysis

Statistical tests were conducted using the Software IBM SPSS Statistics. Inter-
nal consistency was calculated as a measure of scale reliability. Construct
validity was examined by conducting a factor analysis. The total sample of
N = 102 was included in the analysis.

RESULTS

Descriptive Statistics

The total SUS score was calculated for each country. The average score across
all three countries wasM= 74.95 (SD= 19.69). In Germany the average SUS
score was M = 72.08 (SD = 18.37), in the USA M = 78.89 (SD = 21.22)
and in China M = 73.89 (SD = 19.49).

Sensitivity

A Kolmogorov-Smirnov test revealed that the assumption of a normal distri-
bution was not fulfilled (p = .002). Because the ANOVA seems to be robust
to violations of non-normality when sample sizes are equal, an ANOVA was
applied. Homogeneity of variances asserted using Levene’s test showed equal
variances could be assumed (p = .890). The F-test showed no significant
difference between the SUS scores, F(2,99) = 1.07, p = .346, ηp

2
= .02.

Item Analyses

As a measure of reliability, Cronbach’s alpha was calculated to assess the
internal consistency. The reliability analysis revealed high internal consistency
in all three countries. In Germany, the SUS revealed an average Cronbach’s
alpha of α = 0.88, in the USA of α = 0.92 and in China of α = 0.87.
In multiple item analyses the correlations of each item with the total scale
were calculated. The correlations between each item and the overall questi-
onnaire score for each country can be found in Table 1. A correlation less
than r = 0.30 would indicate that the item may not belong to the scale. This
wasn’t the case for any item in the presented study. The corrected item total
correlations ranged between 0.30 < r < 0.86. If Cronbach’s alpha becomes
much larger after a certain item has been removed, the regarding question
may not fit the higher-level construct of usability. Cronbach’s alpha when the
item of interest is omitted can be found in Table 1. Deleting item 6 would
increase Cronbach’s alpha to α = 0.88, which could lead to the considera-
tion of removing item 6 whereas in Germany a removal of item 2 could be
considered.
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Table 1. Results of the item analyses in Germany, USA and China.

Germany USA China
Item Corrected

Item-Total
Correlation

Cronbach’s α

if item
deleted

Corrected
Item-Total
Correlation

Cronbach’s α

if item
deleted

Corrected
Item-Total
Correlation

Cronbach’s α

if item
deleted

1 .649 .869 .475 .922 .419 .870
2 .416 .885 .801 .905 .707 .849
3 .693 .867 .855 .902 .749 .845
4 .512 .881 .712 .910 .649 .852
5 .788 .861 .656 .913 .509 .858
6 .632 .870 .862 .903 .306 .881
7 .550 .876 .837 .902 .680 .853
8 .854 .854 .740 .908 .575 .861
9 .481 .880 .418 .929 .302 .867
10 .642 .870 .719 .910 .572 .856

Note. The bold values show the increased Cronbach’s alpha after the respective item removal.

Factor Analyses

Construct validity was investigated by means of a factor analysis for each
country individually. Because there are controversial opinions in the litera-
ture whether the SUS is unidimensional or bidimensional, two factor analyses
were carried out. Factor loads below± .20 were not taken into account. Only
factors with eigenvalues ≥ 1 were considered (Kaiser, 1960). The values can
be found in Table 2. Principal Component Analyses (PCA) were performed
for each country. Kaiser-Meyer-Olkin (KMO) measures of sampling adequ-
acy were above the minimum of .50 (Field, 2013) in each country. Bartlett’s
tests of sphericity were significant in each country (p < .001).

Germany. The KMO measure for the PCA of sampling adequacy was
KMO = 0.81. The examination of the scree-plot yielded empirical justifi-
cation for retaining one factor which accounted for 51.06 % of the total
variance. Furthermore, because all ten items have a result of at least± .40, the
factor can be interpreted. The second factor analysis with two factors revea-
led, that two factors accounted for 65.43 % of the total variance. Among the
factor solutions, the varimax-rotated two-factor solution yielded the most
interpretable solution, and most items loaded highly on only one of the two
factors.

USA. The KMO measure for the PCA of sampling adequacy was KMO
= 0.83. The examination of the scree-plot yielded empirical justification for
retaining one factor which accounted for 60.53 % of the total variance. Fur-
thermore, because all ten items have a result of at least ± .40, the factor can
be interpreted. Although the scree-plot indicates the presence of one factor
with eigenvalues greater than 1, a two-factor solution was also performed
revealing that two factors accounted for 71.94 % of the total variance.

China. The KMO measure for the PCA of sampling adequacy was
KMO = 0.74. The examination of the scree-plot yielded empirical justifi-
cation for retaining one factor which accounted for 48.14 % of the total
variance. Furthermore, because all ten items have a result of at least ± .40,
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Table 2. Results of the one-factor and two-factor solution in Germany, USA and China.

Germany USA China

Compo-
nent
Matrix

Rotated Com-
ponent
Matrix

Compo-
nent
Matrix

Rotated Com-
ponent
Matrix

Compo-
nent
Matrix

Rotated Com-
ponent Matrix

Factor 1 1 2 1 1 2 1 1 2

Item 1 .765 .833 .569 .876 .533 .303 .494
Item 2 .453 .886 .861 .744 .442 .804 .670 .445
Item 3 .799 .911 .899 .629 .660 .855 .641 .574
Item 4 .584 .338 .508 .767 .802 .207 .768 .744 .278
Item 5 .868 .740 .466 .738 .306 .824 .696 .394 .649
Item 6 .724 .478 .557 .901 .671 .607 .400 .827
Item 7 .651 .358 .589 .878 .702 .527 .775 .796 .216
Item 8 .909 .708 .570 .788 .865 .684 .762
Item 9 .586 .706 .489 .389 .297 .566 .296 .562
Item 10 .684 .237 .786 .778 .875 .728 .784

Note. Bold values show on which factor the items load. Factor loads ± .20 are not shown.

the factor can be interpreted. Although the scree-plot indicates the prese-
nce of one factor with eigenvalues greater than 1, a two-factor solution was
also performed showing that two factors accounted for 59.36 % of the total
variance.

DISCUSSION

Assessing usability of a product or a system is crucial for its evaluation. To
get access to the customer’s feedback and to enable comparisons of products,
psychometrically suitable methods are needed. A widely used questionnaire
to assess usability is the SUS. It is applied for different technologies all around
the globe in several languages and its psychometrics have been investigated
in multiple studies. However, a literature research did not reveal the extent to
which an international comparison of the same product in different markets
is reliable, valid, and sensitive. Therefore, the aim of this study was to inve-
stigate whether the SUS leads to comparable results for the same product in
different markets. For this purpose, the infotainment system of the BMWX5
was evaluated in three different countries: Germany, USA and China. The
infotainment system of the BMW X5 can be considered having acceptable
usability in all three countries. Participants rated the same system. Assuming
there are no cultural factors affecting the evaluation, the SUS should show
similar results across countries. This was the case in the present study: The
total mean scores did not differ between Germany, USA and China. To fur-
ther evaluate sensitivity, supplementary questionnaires or methods to assess
usability should be included in further studies in order to ensure that there
are no differences in the usability rating. Additionally, to proof the ability of
the SUS and its translations to differentiate between different systems, more
infotainment systems should be included in further studies. Analyzing Cron-
bach’s alpha as an indicator for internal consistency revealed a high internal
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consistency for each country. According to George and Mallery (2003), the
results for China and Germany can be considered good and even excellent
for the USA. In an item analysis for each country was found that all items
of the SUS seem to belong to the scale in its respective language. Removing
certain items which may not fit the higher-level construct of usability would
increase indicators of internal consistency. The items that may be taken into
account for deletion differ between the three countries. Despite the consistent
results on reliability and validity, differences were found when comparing
which item deletion would increase internal consistency in each language.
This might question the assumption of the SUS being a global question-
naire. For the USA, the item analysis showed conspicuous findings for item
8. Item 8 was already discussed in previous work due to the adjective cum-
bersome (AlGhannam et al., 2018; Borkowska & Jach, 2017). The concept
of something being cumbersome may not have the same relevance in diffe-
rent cultures. Inconsistencies in single item analyses potentially arise due to
different interpretations of the adjective in different languages. Hilton and
Skrutkowski (2002) already stressed that cultural and linguistic differences
are often insufficiently considered in the translation of questionnaires. The
results of the factor analyses are controversial. As with Brooke (1996), a one-
factor analysis was used to confirm the unidimensionality of the SUS. To test
the bidimensionality, a two-factor analysis has been performed. Both can be
interpreted across all countries with the serious difference that the two factor
analysis explains a higher proportion of the total variance. This suggests that
the SUS is bidimensional which questions the globality of the SUS, since the
individual items of each country load differently on the two factors. Also,
the two-factor structure, in which items 4 and 10 load on the same factor
(Lewis & Sauro, 2009) could not be replicated. So, construct validity could
be proven, but a globality of the SUS with the factor analysis is difficult to
assess. Based on the results, the English, German, and Chinese translations
of the SUS received validation support to a certain extent. The mean sco-
res ranked similar across the three languages and correlations between single
items and the total score were high across languages. However, there are
inconsistencies in single item reliability analyses. Which might question the
assumption of the SUS being a global questionnaire with regard to its item
structure. Furthermore, different factor loadings across countries hinder to
assess the globality of the SUS. Overall, the three SUS translations seem to be
capable of measuring the subjective usability of an infotainment system, but
further research and adjustments of the translations are necessary to validate
the SUS as a global questionnaire in the context of an infotainment system.
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