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Background: The System Usability Scale (SUS) is a widely used self-—
administered instrument for evaluating the usability of a wide range of prod-
ucts and services. The aims of this descriptive-methodological study were to
develop and investigate the psychometric properties of the Iranian version of
the SUS.

Methods: The study was conducted among 202 university students from the
Tabriz University of Medical Sciences, Iran. Content validity was evaluated by
a panel of 10 experts. Construct validity was assessed by exploratory and con-
firmatory factor analyses. The internal consistency and test-retest reliability
were assessed by Cronbach’s alpha and Intraclass Correlation Coefficient
(ICC), respectively. Additionally the feasibility of the measure was judged by
ceiling and floor effect.

Results: Content validity of the short form of Iranian SUS was established.
Factor analyses supported the conceptual uni-dimensionality, and thus con-
firmed the construct validity of the measure. The internal consistency (o0 =
0.79) and test retest reliability ICC = 0.96) were both approved and there was
also no ceiling nor floor effect.

Conclusions: The findings support the use of SUS for both practical and re-
search settings in Iranian population.
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Introduction

The International Organization for Stan-
dardization (ISO) has defined the usability as
“the extent to which a product can be used
by specified users to achieve specified goals
with effectiveness, efficiency and satisfaction
in a in a specified context of use”.' Effec-
tiveness is the “extent to which a goal or
task is achieved”, efficiency is the “amount
of effort required to accomplish a goal” and
satisfaction is the “level of comfort that the
users feel when using a product and how
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acceptable the product is to users as a means
of achieving their goals”.”

Although the usability has been estab-
lished as an important consideration in
product design, it is required to establish its
importance when it comes to product
choice.” Thus, usability studies are important
for both companies and consumers. From a
company point of view, it is essential to
conduct market research to understand the
exact consumer needs and therefore improve

sales and market share. For consumers, a
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poortly designed product may lead to stress,
frustration and time wasting.”" The results
from usability evaluation studies can be used
to evaluate the possible success of a product
with its intended market, to compare two or
more similar products/setvices and to pro-
vide feedback about the design.”™

There are an increasing number of meth-
ods available for evaluating product designs
for usability, which can be classified as either
empirical or non-empirical methods. The
empirical (also called user-based) methods
involve observing wusers interacting with
products or asking them to express their per-
ceptions of a product’s usability, while non-
empirical (also called expert-based) methods
involve an expert making a judgement about
a product’s usability or a structured check of
a product’s design qualities.”® An empirical
approach may be preferable as there is no
substitute for involving the users when it
comes to improving user-product interaction.
However, in the case of constraints (e.g. user
involvement difficulties, confidentiality issues,
financial or time restrictions) a non-empirical
approach may be preferable.”

The System Usability Scale (SUS) was de-
veloped by Brooke’ as a survey scale for
evaluating the usability of a given product or
service. The SUS has several desirable fea-
tures that make it an appropriate tool for
general usability practitioners. The SUS, as a
reliable, quick and easy method, provides a
single score on a scale that is easily under-
stood by the wide range of people."” This
tool is also flexible enough to assess the us-
ability of a wide range of products and ser-
vices."” The SUS is composed of 10 state-
ments related to various aspects of usability
that are scored on a 5-point scale of strength
of agreement. Final scores for the SUS range
from 0 to 100, with higher scores indicating
higher perceived usability.

As noted earlier, many techniques and
methods have been employed in usability,
most of which have been developed for use
in English-speaking populations. The cross-
cultural adaptation of existing English lan-
guage questionnaires is therefore necessary
for use in other populations. Thus, it was

decided to conduct a study to validate the
Persian version of SUS for people with Per-
sian (Farsi) language in the world, although
this has not been done in any other lan-
guages. The aim of the present study was to
develop and evaluate the psychometric
properties of a Persian version of SUS.

Materials and Methods

Study participants

In this descriptive- methodological study,
a random sample of 202 students from the
Tabriz University of Medical Sciences, Iran
were recruited to express their experiences
with the university food reservation system
using the SUS questionnaire. Demographic
details including age, gender, and educational
level of each participating student were also
recorded. Those students who had used this
system at least once a week for the duration
of one year were included in the study. The
study period was between September and
November 2013.

Instrument (SUS)

The SUS was developed as part of the
usability engineering program in integrated
office systems developed at the Digital
Equipment Company.” The SUS comprises
10 items that relate to the usability of the
system or product. When it comes to select-
ing a usability questionnaire, usability practi-
tioners may have several choices (for exam-
ple, Software Usability Measurement —
SUMI" Usefulness, Satisfaction and Ease of
Use —USE", Poststudy System Usability —
PSSUQ"). The distinct advantage of SUS is
the ease with which the measure may be ap-
plied. The SUS has proved its value over the
years as pointed out by Brooke'* “. . . it is
now possible to choose SUS and be confi-
dent it is a valid and reliable measuring tool,
be able to make a comparison between the
scores you achieve and some normative
standards (and thus with other systems or
products), and to have some idea . .. of . ..
system . . . You can do this quickly, and you
can be fairly sure that you are getting reliable
results by asking a small number of users
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and even, maybe, basing it on their first im-
pressions of the system.” It takes about one
minute to complete the questionnaire, and
no training is required.

The respondents to the SUS are asked to
rate the usability of a given product/system
using items on a 5-point self-report scale
ranging from 1 (Strongly Disagree) to 5
(Strongly Agree). There are five positive
statements (items with odd numbers) and
five negative statements (items with even
numbers), which alternate. The overall SUS
score is calculated by taking 1 from all the
scores on items with odd numbers and sub-
tracting the scores from 5 for all the items
with even numbers. The sum of the scores
for ten items is then multiplied by 2.5 to give
an overall SUS score between 0 (extremely
poor usability) and 100 (excellent usability).

The Persian conversion of the SUS was
conducted in a forward—backward translation
process. The forward translation was carried
out by a specialist in ergonomics. After-
wards, the back translation to the original
English of the Persian version was per-
formed by two professional translators with
experience of living in English-speaking
countries. Some modifications were then
made on the Persian version after comparing
to English back—translation with original
edition. For possible linguistic problems, the
questionnaire was completed by 30 partici-
pants and appraised and some amendments
were made following feedback from partici-
pants.

In qualitative evaluation, the SUS was re-
viewed for content validity by a panel of 10
experts and few items were revised based on
the feedback from expert panel. In quantita-
tive evaluation, a survey involving questions
in two general parts was administered to the
expert panel members. The experts provided
their answers to these questions based on a
4-point scale. The first part included ques-
tions regarding relevancy, clarity and simplic-
ity, which were used to compute Content
Validity Index (CVI), and the next part con-
tained a question regarding the necessity of
each item, that was used for calculation of
Content Validity Ratio (CVR). Based on the
number of expert panel members, CVI and
CVR values higher than 0.75 and 0.62, re-
spectively, were considered appropriate.” It
should be noted that 4 out of 10 items were
revised based on the quantitative results and
qualitative recommendations in the first step
evaluation phase. For the quantitative
evaluation of the content validity, CVI and
CVR showed satisfactory results for each
item (both CVI and CVR ranged between
0.80 and 1.00), and consequently for the
SUS (Table 1).

Some authors have suggested that 5 or
more participants per item or a total sample
size of 200 is sufficient for factor analysis.'*"
"""Thus, a sample of 202 participants was re-
cruited in this study, which indicates a good
sample size.

Table 1: The scores of Relevancy, Clarity, Simplicity, CVI and CVR for SUS

Item Item content Relativity  Clarity Simplicity IVC CVR
1 I think that I would like to use this system frequently. 1.00 0.70 0.80 0.83 1.00
2 I found the system unnecessarily complex. 0.90 0.80 0.90 0.87 1.00
3 I thought the system was easy to use. 1.00 1.00 1.00 1.00 1.00
4 I think that I would need support of a technical person to be 1.00 0.90 0.90 0.93 1.00
able to use this system.
5 I found that the various functions in this system were well inte- 0.90 0.70 0.80 0.80 1.00
grated.
6 I thought that there was too much inconsistency in this system. 1.00 0.80 0.80 0.87 1.00
7 I would imaging the most people learn to use this system very 0.80 0.90 1.00 0.90 0.80
quickly
8 I found the system very cumbersome to use. 0.90 0.90 0.80 0.87 0.80
9 I felt very confident using the system. 0.80 0.90 1.00 0.90 0.80
10 I needed to learn a lot of things before I could get going with this sys- 1.00 0.90 0.90 0.93 1.00
tem.
Total 0.85 0.77 0.81 0.81 0.85

84



Health Promotion Perspectives, Vol. 4, No. 1, 2014; P: 82-89

Data Analysis

The data were presented as Mean (SD)
for the SUS scale and study quantitative
variables and N (%) for qualitative variables.
Ceiling and floor effects were appraised us-
ing percentage of scores at the boundaries of
the scaling range (e.g. 0 and 100). Floor or
ceiling effects are matter of concern if more
than 15% of respondents achieve the lowest
or highest possible score, respectively.'
Cronbach’s alpha and Intraclass Correlation
Coefficient (ICC) were computed for evalu-
ating scale internal consistency and stability
reliability, respectively. Values higher than
0.7, was considered as satisfactory."”

Exploratory Factor Analysis (EFA) was
used for structure detection. The purpose of
structure detection is to examine the under-
lying (or latent) relationships between the
variables. EFA was carried out by Principal
Axis Factoring (PAF) extraction method and
utilizing Varimax Rotation with Kaiser
Normalization. The Scree plot procedure
was used for deciding on the number of fac-
tors to be extracted.” KMO (Kaiser-Meyet-
Olkin) measure of sampling adequacy, Bart-
lett’s test of sphericity and total variance ex-
plained were used for the evaluation of
model sufficiency. High wvalues of KMO
(more than 0.7) generally indicate that a fac-
tor analysis may be useful with the data.
Bartlett’s test of sphericity tests the hypothe-
sis that a correlation matrix is an identity
matrix, which would indicates that variables
are unrelated and therefore unsuitable for
structure detection. Small values (less than
0.05) of the significance probability indicate
a satisfactory factor analysis. Factor loading
values of 0.3 or higher were considered as an
important relationship between items and
factors.”’  Confirmatory Factor Analysis
(CFA) was conducted to assess how well the
EFA extracted model fits to observed data.
The weighted least squares estimation
method was used with weighted matrix of
asymptomatic covariances. Fit indices and
reasonable values of these indices were con-
sidered as y° / df < 5, Root Mean Square
Error of Approximation (RMSEA) < 0.08
and also, Comparative Fit Index (CFI) > 0.9.

Statistical analysis was performed using SPSS
13.0 (SPSS Inc., Chicago, IL) and LISREL
8.80 (Scientific Software International Inc.,
2007). P-values less than 0.05 were consid-
ered as significant.

Procedure and Ethical Considerations

Permission to use the original SUS was
gained by the original author. The Ethical
Committee of the Tabriz University of
Medical Sciences reviewed and approved the
study. The participants were informed about
the general nature of the study and were as-
sured of the privacy of their records. The
written informed consent for the study was
obtained from all the participants.

Results

Sample charactetistics

There was a total of 210 university stu-
dents, from which 202 students (124 males
and 78 females) returned the completed
questionnaires (response rate = 96.19%).
The age of participants ranged from 19 years
to 29 years (mean = 22.1 years; SD = 2.3
years). Among them, 71.8% (n = 145) were
undergraduate and 28.2% (n = 57) were
postgraduate students.

Feasibility
The results showed no Ceiling effect or
Floor effect for the Farsi version of SUS.

Content Validity

In qualitative evaluation of the measure,
experts gave written feedback on the clarity
and relevancy of the content of the SUS
items to the Iranian culture. In general, the
content validity of the measure was sup-
ported in this stage. It is also notable that
some of the items were improved based on
the qualitative suggestions of the expert
panel.

Reliability

The Cronbach’s alpha was 0.79 for the
scale, which indicates adequate internal con-
sistency (more than 0.7). ICC for the scale
(value = 0.96; 95% CI = 0.91 to 0.99) also
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showed a satisfactory (more than 0.7) test
retest reliability.

Construct Validity

For evaluating construct validity, the re-
sults of both EFA and CFA were presented
for the items of the SUS.

EFA

In this analysis, KMO (Kaiser—Meyer—
Olkin) measures of sampling accuracy were
0.81, which established the model suffi-
ciency for these subscales. Bartlett’s test of
sphericity gave P< 0.001, which was in line
with KMOs.” Total variance explained of
the scale was 36.85%. The Scree plot sup-
ported the uni-dimensionality of the SUS

(Fig. 1).

Scree Plot

Eigenvalue
i

Fig. 1: Scree Plot of the SUS

A cut off value more than 0.3 for factor
loadings proposed that all items associated
to the SUS have been convincingly loaded
on the scale (Table 2).

CFA

The CFA model showed sensibly good fit
indices (Chi2 / df = 1.04 < 5; SRMR =
0.051 < 0.1, RMSEA = 0.014 < 0.08, CFI =
0.998 > 0.90, NFI = 0.945 > 0.90, NNFI =
0.996 > 0.90, GFI = 0.973 > 0.90, AGFI =
0.948 > 0.90). Therefore, the model fit was
established logically by the indices and there
was a good support for the one-factor struc-
ture of the SUS.**
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Table 2: Exploratory Factor loadings for SUS

Items SUS
Qs 0.690
Q3 0.663
Q7 0.640
Q2 0.632
Q4 0.615
Q9 0.554

Q10 0.466
Q1 0.404
Q5 0.388
Q6 0.314

In the next step the relationships were
evaluated based on this model. The values of
factor loadings specified that the items had
significant loadings on the one-factor solu-
tion (Fig. 2). Standardized factor loadings
ranged from 0.30 to 0.71 on the scale, with
all items representing moderate to strong
factor loadings™ (Fig. 2).

The statistical significance of the two-
factor correlations (r = 0.70, P < 0.01) sup-
ports the hypothesis that the two factors
(OE and EE subscales) are highly related
dimensions of self-efficacy for childbirth.

Discussion

The present study has resulted in the de-
velopment and validation of the Persian ver-
sion of the SUS for usability studies in Iran
and other Persian-speaking communities.
Usability studies, which are very important
for both the designers of the products and
consumers, have been very limited in Iran.
This may be attributed mainly to the lack of
valid and reliable tools in this regard. There-
fore, Persian-speaking communities have a
great need for valid and reliable tools and
instruments to measure users’ perception of
the usability of a wide range of products and
services. The results of this study showed
that the Persian SUS is a valid and reliable
tool for measuring usability, with psycho-
metric properties consistent with the original
English version.”

Feasibility
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No floor or ceiling effects were observed

for the total score of Persian SUS.

0999099995

Fig. 2: Path diagram revealing the standardized parameters relating items to SUS. All parameters were sta-
tistically significant (All P < 0.05)

When more than 15% of the study partici-
pants produce the maximum or minimum
possible score on a scale, it represents a ceil-
ing or floor effect, respectively, which can be
considered as a measuring limitation of the
instrument.”® The lack of floor and ceiling
effects reassures the usability practitioners of
the validity of this version of the SUS. No
other study reported the measure of ceiling
and floor effects of this instrument, and

therefore comparison may not be estab-
lished.

Content validity

Content validity of the SUS was ap-
proved based on both qualitative (e.g. com-
ments from the panel members) and quanti-
tative results (e.g. the level of agreement
among expert panel members, with CVR
and CVI values higher than 0.85 and 0.81,
respectively). The original instrument did
not use CVR and CVI measures for the es-
sentiality of the items and for simplicity,
relativity, and clarity of the subscales, respec-
tively.” No other study also reported these
measures in their evaluation of the SUS in
which to compare our results.

Reliability

In reliability analyses, the absolute ratings
(e.g. transformed responses for Statements
2,4, 6, 8, and 10 so that all scales had 1 as
the negative and 5 as the positive) for the 10

statements were used to calculate Cron-
bach’s alpha. The SUS showed good internal
consistency (alpha = 0.79). The Cronbach’s
alpha found in our study is in agreement
with those reported previously in English
language studies, which ranged from 0.85
and 0.92."%" In addition, the value for ICC
(0.96) to assess test-retest reliability indicated
excellent reproducibility. The high ICC for
the Persian SUS demonstrates a strong sta-
bility of the SUS over time. Neither the
original study,” nor other studies have evalu-
ated this measure for the SUS.

Factorial (construct) validity

A factor analysis was conducted to de-
termine whether or not the 10 items on the
scale address just one dimension (e.g. usabil-
ity), as expected.” The results indicated that
there was only one significant factor for the
ten SUS statements and supported the one-
factor structure of the SUS.”*** This result
is in line with a previous report by Bangor et
al.,'” who demonstrated that the SUS ques-
tionnaire, as a whole, reflects participants’
perception of the overall usability of a prod-
uct or system and, therefore this confirms
that practitioners should analyze and report
only the overall SUS scores.”

Limitations and future studies

The measure was used among a sample
of students from the Tabriz University of
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Medical Sciences to express their experi-
ences with the university food reservation
system, and therefore further studies testing
other systems and populations may be re-
quired to approve the applicability of the
SUS as a totally accepted practical measure
in Iranian population. The factor analyses
were conducted on the same sample, and
thus it is also recommended to run the CFA
on a separate sample.

Conclusions

The present study aimed to validate and
culturally adapt the System Usability Scale
(SUS) for the Iranian population. The results
of the current study demonstrated high de-
grees of feasibility, reliability and validity for
the Persian version of the SUS as a measure
of usability assessment. The psychometric
properties of the Persian version of the SUS
are comparable with those of the original
English version, and therefore Iranian us-
ability practitioners and researchers may use
it for usability evaluations and for research
purposes.
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