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ABSTRACT

The System Usability Scale (SUS) questionnaire is a broadly used
usability measurement tool, which is fast in its application and
straight forward in its interpretation. While the original SUS ques-
tionnaire was envisioned as a one-dimensional "quick and dirty"
approach to measure usability, research over the past 25 years
revealed helpful insights and dimensions to contextualize and com-
pare individual SUS scores on. In this paper, we present an open
source web-based analysis toolkit for the SUS questionnaire, which
calculates SUS measurements, analyses them based on the insights
and contextualization scales suggested by previous work, and pro-
vides versatile plotting facilities to create appealing SUS graphs for
scientific publications and presentations.
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1 INTRODUCTION

According to the technology acceptance model by Davis et al. [10],
user form a behavioural intention to use products, prototypes, or
software based on their attitude towards and consequent acceptance
of them. This attitude is influenced by the perceived usefulness but
also the perceived ease of use, also called usability. Consequently,
usability is an important field of study where interdisciplinary per-
spectives and approaches meet. Besides many techniques, such as
qualitative surveys, interviews, and observational techniques, one
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established method of measuring usability is using validated usabil-
ity questionnaires. Here, a famous usability questionnaire is the
System Usability Scale (SUS) by Brooke [7]. Originally envisioned
and self-described as a one-dimensional "quick and dirty" approach,
SUS questionnaires accounted for about 43% of post-study usabil-
ity questionnaires used in the experiments identified in a meta
analysis conducted by Lewis et al. [19] in 2009. Throughout the
last 25 years, the initial validation of the questionnaire with n =
20 participants increased to n = >10,000, making the SUS a "fairly
quick, but apparently not that dirty" approach as Lewis described
it [18]. With recent developments towards the application of the
SUS in new contexts such as elderly people or people with cog-
nitive impairments [14] and the validation efforts of the SUS for
various languages [12], this trend shows no sign of slowing down.
Ultimately, the SUS has good reliability with a coefficient alpha
usually around 0.92, high correlations with likelihood to recommend
(0.75) and high correlations of overall experience (0.80) [4].

Besides its use in studies and specific validation endeavours of the
SUS questionnaire itself, multiple researchers proposed approaches
to contextualize SUS scores, trying to answer the question of what a
specific SUS score actually means. As SUS scores, spanning between
0 and 100, follow neither a normal nor a uniform distribution, they
cannot be interpreted linearly and especially not as a percentage
value. Consequently, researchers calculated percentile curves of SUS
scores from SUS study datasets, tried to contextualize SUS scores on
adjectives, grading, net promoter score, quartile and acceptability
scales, calculated at which point SUS scores become conclusive,
and investigated the dimensionality of the SUS questionnaire by
deriving learnability as a secondary dimension besides the usability
of a system. All these contextualization and interpretation insights
potentially add value over reporting pure SUS scores.

To date, only a handful of mostly commercial tools exist that help
to calculate SUS scores. While these likely help usability researchers,
the calculation of SUS scores itself is fairly simple and most tools
do not provide further support, such as allowing researchers to
compare different conditions, to plot graphs, to provide statistical
analysis or to contextualize the calculated results regarding the
aforementioned interpretation scales. Notably, comparatively so-
phisticated toolkits do exist for competing questionnaires, like the
User Experience Questionnaire (UEQ) by Laugwitz et al. [16]. As
we believe such features would be especially valuable for other
usability researchers and practitioners using the SUS, we have de-
veloped an open source web-based analysis toolkit for the system
usability scale that can calculate SUS scores, create a variety of
different SUS plots and help researchers to contextualize their re-
sults on the interpretation scales developed in previous works. In
contrast to the available tools, a special focus lays hereby on the
usage of the tool in scientific studies and the report of results in
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the form of measurements and camera-ready figures in scientific
publications. Additionally, we introduce the concept of normaliz-
ing the per-question averages of all 10 questions to represent their
contribution towards the corresponding SUS study score to provide
additional comparative insights.

2 RELATED WORK

While, to our best knowledge, holistic tools combining the calcu-
lation, comparison, contextualization and plotting of SUS scores
do not exist to date and there is no scientific literature on such
SUS calculation tools, there are some free and commercially avail-
able tools for the calculation of SUS scores with varying scopes
(see Table 1). One free example is the "SUS Calculator" from uiux-
trends.com [29], which allows for the calculation of an average SUS
score based on an in-browser version of the SUS questionnaire. The
free online appendix [2] of the book "Measuring the user experience:
collecting, analysing, and presenting usability metrics" by Albert et
al. [1] contains an Excel spreadsheet for the calculation of multiple
SUS scores based on transcribed values from the SUS questionnaire
using the SUS calculation formula.

A commercially available SUS tool by quix.app [21] can be in-
cluded in websites and apps as a questionnaire and report average
SUS scores on a dashboard with contextualization on grading and
adjective SUS scales. Similarly, the commercial SUS tool included
in the usability toolkit by tryMyui.com [27] allows for interpreta-
tion, contextualization and even rudimentary plotting of SUS scores
based on online questionnaires used to investigate the usability
of websites. The "SUS Guide & Calculator Package" provided as a
commercially available Excel sheet for the calculation and inter-
pretation of SUS scores by MeasuringU [20], a company founded
by Jeff Sauro and James R. Lewis, allows for the SUS calculation,
interpretation, statistical analysis and computation of sample size
conclusiveness. While the commercially available "System Usability
Scale (SUS) Plus" tool by www.usabilitest.com [30] has no functional-
ity for plotting graphs, it is quite comprehensive in contextualizing
SUS results based on transcribed values from the SUS questionnaire,
including contextualization on the letter grading scale, adjective
scale, net promoter scale, calculating Cronbach’s alpha and the
learnability dimension. It even allows for the generation of SUS
questionnaire PDFs tailored to the website’s or prototype’s name.
An analysis toolkit in the form of an Excel spreadsheet, provided
supplementary to guidelines for usability research by the Victo-
rian Government [13], allows for the calculation of average SUS
scores for multiple conditions and their contextualization on the
acceptability scale.

Not primarily envisioned as a calculation or plotting tool but
rather aiding decisions about confidence interval problems based
on the knowledge that the distribution of SUS study scores is gener-
ally skewed, which violates symmetry assumptions, Clark et al. [9]
developed a freely accessible calculation tool providing recommen-
dations for practitioners about which confidence intervals to apply
to their results based on the sample size of the study. Additionally,
the tool also calculates and plots the inserted SUS study contextu-
alized on some SUS contextualization scales. Also, not primarily a
SUS calculation tool but noteworthy, Xiong et al. [31] developed
"SUSapp", a free iOS smartphone application, to aid the SUS usage
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for research or product development. Using their smartphone-based
app, experimenters can hand the smartphone with SUS question-
naires for a product to participants, who fill out the questionnaire
and hand the smartphone back to the experimenter, and then the
app calculates the subject’s individual SUS scores and the product’s
average SUS score.

3 THE SUS ANALYSIS TOOLKIT

Many usability practitioners using the SUS default to using tools like
Excel to calculate SUS scores and plot corresponding graphs, which
is not only cumbersome but could also lead to wrong interpretations,
as raw SUS scores are easy to misinterpret, e.g., because they are not
linear or to be interpreted as a percentage value. The tool proposed
in this paper is supposed to support them by offering an effective
and efficient way to calculate all relevant SUS measurements and
create clearly visualized, interactable, and customizable graphs for
provided SUS datasets (e.g. uploaded as CSV files). Practitioners
and researchers can use the proposed tool to quickly evaluate their
usability study results based on these contextualization approaches
and insights, or generate and download publishable SUS graphs
for research publications and presentations. In its current state, the
analysis tool is capable of importing both single condition studies,
but also the results of multiple SUS studies or conditions, e.g. for
iterative formative studies, comparative studies with the SUS score
as the independent variable or A/B testing.

Hereby, the tool offers several ways to configure and customize
the generated interactive plots. Features among others include
choosing between different plot styles (e.g. box plot, bar chart, radar
charts, or percentile curves), showing only the results of specific
conditions or questions, choosing between different contextualiza-
tion scales, showing a conclusiveness graph based on the number of
participants for a condition, or showing average scores for specific
SUS items. All of these generated plots are downloadable as graphs
in PNG formats.

3.1 User Workflow

The SUS Analysis Toolkit is purely web-based and no installation or
additional software is necessary, the tool can be directly accessed in
any browser. Notably, it can also be hosted locally through a Python
server using the open source code of the toolkit, if desired. To import
the SUS scores of a usability study, they have to be converted into
a CSV file. In this file, one row represents a filled-out questionnaire,
with each column being one of the ten raw item values of the SUS
and finally the eleventh row being a variable for the condition or
study. The starting page of the tool provides examples of valid
CSV files for both multi- and single variable usability evaluations,
which can be downloaded and used as a template. Furthermore,
the starting page contains a short introduction and explanation of
the tool, as well as relevant references to the scientific publications
the tool is based on. When the CSV file has been created, it can be
uploaded directly to the starting page by drag-and-dropping the
CSV file into one of two upload forms, one for a single variable
usability evaluation and the other for the multi-variable evaluations.
After the CSV file is validated, e.g. checked for the correct format
and plausibility of raw scores, the user will either be redirected to
the multi- or single study interface, depending on which upload
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Tool | Licensing | Calculation | Comparison | Benchmarking | Plotting | Validation | Statistics
uiuxtrends.com [29] freeware X)
Albert et al. [2] freeware (X)
quix.app [21] commercial X X
tryMyui.com [27] commercial X X
measuringu.com [20] | commercial X X X X) X X
usabilitest.com [30] | commercial X X X)
vic.gov.au [13] freeware X X X)
Clark et al. [9] open source X X X) X)
Xiong et al. [31] open source X X)
SUS Analysis Toolkit | open source X X X X X) X)

Table 1: The 9 existing SUS tools identi ed during our investigation and the SUS Analysis Toolkit itself, visualized with their
licences and provided functionality in terms of calculation, comparison, contextualization, plotting, validation and statistics.

form was chosen. This process is visualized in Figure 1. The multi- Options), users may customize their graphs. Customization features
variable interface will be described in more detail in Section 3.2 and include, but are not limited to:

the single variable interface in Section 3.3. the plot type (barchart, box plot, or notched box plot) of the
Depending on the size of the conducted study, the most time- graph

consuming part of this procedure is likely the creation of the CSV comparison scales: Adjective scale, grade scale, quartile scale,
le by transcribing the raw SUS values from the questionnaire, acceptability scale, net promoter Scale

which might take some time. Once this is done and uploaded to which of the di erent variables in the uploaded CSV- le

the tool, the creation of SUS graphs themselves is instant and the should be plotted

All generated plots and tables can be downloaded as camera-ready plotted
PNG graphs and CSV tables independently, customized to t their whether the mean, standard deviation, both or neither should
intended application case (e.g. single- or double-column papers), or be plotted

downloaded as a complete analysis. the orientation (horizontal or vertical) of the graph

the title of the X-Axis of the graph (E.g. describing the dif-
ference between the variable)

The customized interactive plot can be utilized by users to com-

3.2 Multi-Variable Interface

If the user chose the multi-variable upload option, he is conse-
quently redirected to the multi-variable interface shown in Figure 2. ~ pare the average SUS score of multiple conditions in a single study
The multi-variable upload is supposed to o er a customizable utility ~ Or iterative SUS study scores for formative testing purposes with
toolkit to compare the results of multiple SUS studies or conditions ~€ach other and with several provided types of contextualization
within comparative evaluation studies using the SUS score as an in- Scales. The contextualization scales, their origins, and scienti ¢
dependent variable with each other. Here, the users can retrieve all derivations are as follows.

re_Ievantquantitative measurements (e.g_. average, mgdian, quartiles, Adjective Scal&he adjective scale (see Figure 3 on the right
min, and max "a'9es) for e_a_lch of the Va”_ab'?s’ _V'_eW di erent_analy- side of the plot) consists of the adjective ratings Worst Imaginable ,
ses (e..g. comparing gondltlons, comparing |nd.|V|duaI guestlons, O boor, OK, Good, Excellent and Best Imaginable , where each
Che""”?g the con_clusweness) and then customize all displayed plots of the 1-100 SUS scores corresponds to one of these adjectives. The
accordm_g to f[helr need and dqwnload them as graphs and tat_>|es. measurements for this scale were taken from Saw2d[which in

The multl-varlaple $US a.naIyS|.s |nterfac§ consists .of the follqwmg turn is based on a study by Bangor et &8] [n which a large (n=1000)
pIo_t/tabIe combn_watlons with their _respectlve c_ustomlzatlon options, usability study was conducted where a seven-point likert scale with
which are explained in the following sub_sectlons: SUS StUdY SCO€ the adjectives was added to the SUS questionnaire. The results of
comparison, SL.JS study score percentne curve coqtextuahzanon, the study showed a high correlation between six of the adjectives
Per-Item/Question score contributions, and conclusiveness of the ¢ jikert scale and the overall SUS scores, subsequently creating

results. the adjective scale.

3.2.1 SUS Study Score Comparidtre SUS Study Score Compar- Grade ScalBangor et al. 8] suggested using the traditional

ison Graph is the closest to traditional SUS graphs found in existing school grading scale (i.e., 0-59 = grade F, 60-69 = D, 70-79 = C,
literature, visualizing SUS study scores as either box plots, notched etc.) to contextualize SUS scores. This seems to be a natural t,
box plots, or bar charts and allowing the contextualization of scores since according to the study, a SUS score of 70 is about average
using contextualization scales (see Figure 3 and Figure 4 for the and 70 on the school grading scale would correspond to a C -,
corresponding data table). Through the customization options on generally perceived as an average grade. However, this method
the right side of the interactive plot (see Figure 2 - Customization has limitations. For example, it is almost impossible to get an A,
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Figure 1: The user ow of the SUS Analysis Toolkit: After conducting an experiment utilizing the SUS questionnaire, results can

be transferred into a CSV template le provided by the tool. Depending on the type of study (e.g. an iterative or comparative
usability study with SUS scores being the independent variable or a singular usability evaluation utilizing the SUS questionnaire),
the CSV le can be uploaded to the single- or multivariable SUS Analysis section. After calculating all relevant metrics and
generating customizable, interactive plots, the user can download and use the generated calculations, tables and graphs.

since SUS scores above 90 are exceedingly rare, with only 1% ofPassives . Saurad3 shows, that there is a correlation between the

SUS score2f] reaching them as can be seen on the percentile
curve graph displayed in Figure 5. Therefore, this original grading
scale was later revised by Sauro et &5[ Here, they analysed

data from 446 surveys and 5000 individual SUS responses to create’

a revised grading scale based on the percentiles of the data. This
revised grading scale is used in the tool. (see Figure 2 on the right
side of the interactive plot area)

Quartile ScaleThe quartile scale contextualizes the SUS score
on the quartile scale identi ed by Bangor et al3] that was also
used to develop the adjective and grading scale, visualizing all 4
quartiles and the median of the dataset. Importantly, this is to be
distinguished from the percentile curve and the corresponding
percentile curve graph, which was developed based on a dataset
and analysis from Sauro et al. [25].

Net Promoter ScalAnother metric that has been shown to cor-

SUS and the NPS and consequently created the NPS scale.

Acceptability Scale=inally, the acceptability scale classi es aver-
age SUS scores as either acceptable or not acceptable . According
to Bangor et al. §], as the average SUS Score is roughly 70, SUS
scores higher than 70 would be acceptable, while those below
50 are not acceptable . The range between 50-70 is marginally
acceptable, divided into low marginal and high marginal . The
lower ranges for this scale were chosen by considering the ranges
of the grading and adjective scale. For example, on the adjective
scale, a score of 51.6 is OK, so anything lower is considered not
OK and subsequently not acceptable . (see Figure 8, the third
contextualization scale from the left)

3.2.2 Percentile Curve Contextualization Grdptis graph shows
the calculated SUS study scores of the uploaded dataset on a per-
centile curve derived from over 5000 SUS questionnaires. The data

relate with the SUS is the Net Promoter Score (NPS). The NPS is afor this curve is taken from Sauro et al2§. Viewing the results

widely used, yet arguably controversial, metric of customer loyalty.
It consists of a single question: How likely is it that you would
recommend our company to a friend or colleague? . This question
is then answered on an eleven-point likert scale ranging from Not
likely at all to Extremely likely . Responders who give responses
from O through 6 are called Detractors and those who give re-
sponses at 9 or 10 are called Promoters, the remaining are called

of the uploaded SUS study on this curve is not redundant to the
traditional SUS comparison graph, not even when using the quartile
contextualization scale. Importantly, the quartile contextualization
scale is based on a di erent dataset by Bangor et &, jvhich

can lead to small di erences when comparing the SUS study score
to percentile correlations between the two calculation approaches.
Using the percentile curve tells the researcher how well the systems
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