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Abstract

The System Usability Scale (SUS), created by Brooke (1996),
is a widely used measure to assess subjective usability.
However, few digital tools have been created to help collect
the required data and compute SUS scores, which rely upon
a formula that is complex. The aim of the project was to
develop an open-source iOS app to help experimenters easily
collect data, automatically compute SUS scores, and
conveniently export study data. To ensure the free SUSapp is
itself usable for both experimenters and participants, human
factors iterative design and development methods were
used, and the final version of the iPhone app was assessed
using ISO 9241-11's suggested measurements of efficiency,
effectiveness, and satisfaction. Based on the results of this
assessment, we can conclude that the app is usable, with
100% of the participants successfully using the application to
rate a series of products, and a SUS score of 91. This
supports the viability of using the SUSapp as an alternative
to traditional methods of collecting SUS data. Further, use of
the SUSapp will eliminate transcription and scoring errors
that are often encountered when using other forms of the
SuUS.
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Introduction

The System Usability Scale (SUS), developed by Brooke (1996), is a widely used tool to
measure subjective usability. The modified instrument (Bangor, Kortum, & Miller, 2008), shown
in Figure 1, contains 10 questions. It is one of the most widely used instruments in the
assessment of subjective usability with over 1,200 citations in the usability literature (Brooke,
2013). In practice, many human factors practitioners and researchers have administered the
SUS survey either via paper or utilized web-based services, such as SurveyMonkey or Qualtrics.
All of these methods are suitable from a psychometric standpoint, as research has indicated
that paper and electronic forms of surveys are roughly equivalent (Davidov & Depner, 2011;
Dodou & de Winter, 2014). While web-based services can be more convenient than paper,
because they offer data visualization and cloud storage features, practitioners must still export
data files and calculate SUS scores.

Strongly Strongly
Disagree Agree
1. I think that I would like to use this [ 1 ] 217 3 1 4 71 5 ]
product frequently.
2. I found the product unnecessarily | 1 | 2 | 3 | 4 | 5 |
complex.
3. Ithought the product was easy to use. [T T 217 3 475 ]
4. I think that I would need the support 1 [ 2 [ 3 4 ] 5 |
of a technical person to be able to use —
this product.
5. I found the various functions in the | 1 | 2 | 3 | 4 | 5 |
product were well integrated.
6. I thought there was too nmch [T T 217 3 [ 4 5 ]
inconsistency in this product.
7. 1 imagine that most people would 1T [ 2 [ 3 ] 4 | 5 |
learn to use this product very quickly. —
8. I found the product very awkward to [T [ 2 [ 35 4 5]
use. =
9. I felt very confident using the
product. ' - [+ [ 2 [ 3 ] 4715 ]
10. I needed to learn a lot of things S
before I could get going with this [t [ 2 [ 3 [ 4 [ s |
product.

Figure 1. The System Usability Scale (Brooke, 1996), in its modified form (Bangor, Kortum, &
Miller, 2008).

As discussed below, the calculation of SUS scores has proven to be one of the difficulties
associated with using the instrument. Although there are excellent calculation spreadsheets
available (e.g., Sauro, 2018; Tullis & Albert, 2018), many experimenters still calculate the
scores themselves, either by hand or by using their own custom spreadsheet.

The SUS is scored using the following formula:
((Q1-1)+(Q3-1)+( Q5-1)+(Q7-1)+(Q9-1)+(5-Q2)+(5-Q4)+(5-Q6)+(5-Q8)+(5-Q10)) x 2.5
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Although not mathematically difficult, the number of terms, the scaling factor, and the
alternating question scoring format makes the SUS scoring formula complex to use in practice,
and so the scoring calculations are often incorrect. Sauro and Lewis indicated that between 3%
and 28% of SUS scores are calculated incorrectly, most likely due to the alternating form of the
questions (2011).

Administering the system usability scale in the field can also be cumbersome. If the
experimenter is utilizing one of the web-based data collection tools (e.g., SurveyMonkey or
Qualtrics), then a laptop is most often used (Morgan, 2019) and must be secured. If the
experimenter is using paper, then that paper must be managed. More importantly, regardless of
which collection method is used, the survey must be set up so participants can complete it, and
data must be transcribed and/or scored, which can lead to additional errors or data loss.

Because smartphone use is so common, with over 80% percent of people in the United States
having a smartphone (Comscore, 2017), it was decided to collect data on this platform because
it would be familiar to most experimenters and participants.

In previous work on developing a phone-based System Usability Scale assessment tool (de
Castro & Macias, 2016) an Android application was developed. The researchers focused their
evaluation primarily on the administrator as the user. In the research described here, we have
developed an iOS application (so that there would be an application for this platform, versus
Android in the case of de Castro & Macias), and the evaluation efforts were focused exclusively
on the study participant as the user. With that in mind, the goal of this project was two-fold.
The first goal was to develop an open-source, freely available iOS application that allows
practitioners and researchers to collect SUS survey results, automatically compute scores, and
export data in a streamlined process via a mobile platform. The second goal was to ensure that
the application itself is usable for practitioners, researchers, and most importantly, study
participants. Simply put, the usability assessment tool needs to be usable too, so we wanted to
identify any major usability problems and fix them before sharing the app with others.

The Application

The application, SUSapp, was developed using React Native. React Native is an open-source
software project created by Facebook to allow simple creation of cross-platform (i.e., iOS and
Android) applications. React Native is used under the MIT License, which allows users to use
and modify the software without restriction. A user-centered design process was utilized in the
creation of the SUSapp. Specifically, we used human factors methods for design and
development, such as iterative design and development with integrated usability and HF
assessments throughout the design cycle. This in turn helped ensure that the app would fulfil
users’ needs and would be as easy to use as possible. In particular, we wanted to create a tool
that would allow experimenters to quickly and easily collect and score SUS data in the field, and
we wanted to make that experience as usable as possible for the participants who would be
taking the SUS on this new mobile platform.

Based on discussions with practitioners during the development process, the SUSapp tool
focuses on the primary goals of collecting data, computing SUS scores, and then sending that
data to the experimenter. It provides summary SUS score data to the experimenter after each
participant and sends that data to the experimenter on demand. More sophisticated data
exploration and analysis features were purposely excluded from the tool, as there are excellent
software tools that are better suited to that set of tasks.

The tool allows experimenters to manage multiple studies simultaneously on the platform, so
that several studies, or products within a single study, can be easily managed (Figure 2A).
Based on feedback during the initial trails, it also supports the substitution of the product name
into the field that says “product” (Figure 2B). This allows users to more easily map their rating
task to the product they are using and has been shown to have no impact on the reliability or
validity of the instrument (Sauro, 2011). For example, when testing the usability of a new
printer, the word “system” in the questions could be replaced by the word “printer” (e.g. "I
found the printer unnecessarily complex”).

The data collection screen presents a single question at a time (Figure 2C) and utilizes the
modified SUS question 8, where "cumbersome" has been replaced with “awkward” in order to
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maximize understandability by the participants (Bangor, Kortum, & Miller, 2008; Finstad, 2006).
Single screen presentation for each question was used to ensure maximum clarity of reading,
ease of touch operation, and minimization of missed questions. This stands in contrast to the
work of de Castro and Macias (2016) who presented 5 questions per page.

The original version of the SUS (Brooke, 1996), with alternating positive and negative
questions, was utilized for the application. There is mounting evidence that these alternating
scales, while helping to protect against acquiescence bias (Schriesheim & Hill, 1981) and
extreme response bias (Cronbach, 1950), can be difficult for a subset of the population to
interpret (Kam & Fan, 2018). For instance, Sauro and Lewis (2011) have shown that an all
positive version of the SUS is highly correlated with the original version. As more evidence of
this equivalence is published, it is likely that the SUSapp will allow for either the original or
positive version to be administered.

w1l T-Mobile Wi-Fi 5 9:46 PM w1l T-Mobile Wi-Fi % 231PM ® 7 35% w1l T-Mobile Wi-Fi = 9:33 PM

Home Add a New Product SUS Survey

This is what you are collecting data for.
I think that | would like to use this

phone frequently.

iPhane Name of the Product:

Disagree

Use this word instead of 'system' in the SUS
survey: (optional)

Description:

Figure 2. Screenshots for the SUSapp tool: (A) the tool can manage multiple products or tests,
(B) the word "product" can be changed to the name of the system being tested, and (C) each
question/statement is presented on its own screen for ease of reading, as larger font size can be
used. This also makes it easier for users to step through the questions and helps ensure all
questions are answered.

Upon completion of the survey, the participant is prompted to return the device to the
experimenter (Figure 3D). The experimenter can then see the computed SUS score for that
participant and is provided with an opportunity to enter any notes associated with that
particular session that might be pertinent (Figure 3E). After saving that participant’s data, the
experimenter can view the summary statistics for all participants in the study and then continue
with additional participants or email the entire data set for further analysis (3F). Raw scores, as
well as, full computed SUS scores for each subject, and average SUS scores for each study are
pre-calculated in the saved and sent CSV data file. The data are also stored locally on the
mobile platform. This close control of the data ensures that the experimenter is not dependent
on network connections for data preservation, and that no data is stored in the cloud, which
could represent a security risk (Yu & Wen, 2010) or HIPPA violation (Wang, Wang, Ren, & Lou,
2010). This approach is in contrast to the app developed by de Castro & Macias (2016), whose
system relies on internet connections to collect and store the data. Local data control also
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means that once a user has downloaded the application, they are no longer dependent on the
app developer for anything (e.g., maintenance of the back-end servers) in order to be able to
collect or access their data.

eeco0 ATET 7 5113 PM 2:23 PM

SUS Survey SUS Survey

Participant: 1
Score: 72.5
Final Notes: participants:

You've Finished!

mean:

stdev:

Hit confirm and hand this
max:

device back to the
experimenter.

min:

Note: All data saved locally on device.

Figure 3. Screenshots for the SUSapp tool after the participant has completed the survey: (D)
the tool instructs the participant to return the device to the experimenter, (E) the experimenter
can add any notes regarding the experiment or session, and (F) the experimenter can see
summary statistics for all participants on the test and can continue the study or have the data
emailed to any address.

Usability Assessment of the SUSapp

The following sections provide details on how the SUSapp was assessed. The assessment was
performed to ensure that the application was sufficiently easy to use for participants who would
be rating products, services, and systems using the app.

Methods

Following the SUSapp’s development, a summative usability assessment was performed to
determine if the application could be easily used by participants in a typical usability study.

Study Design

The study designh was a between-subjects design with one condition: All participants used the
SUSapp to evaluate a number of products. Participants evaluated numerous products using the
SUSapp for the sole purpose of gaining experience using the application. The scores associated
with each product were not considered data or used in the analysis because the usability of the
SUSapp itself was the focus of this study. Participants rated the usability of the SUSapp using
the SUS presented on SurveyMonkey, in case the usability of the application was exceptionally
bad. To clarify further, we were not assessing the usability of the products participants were
using, but rather, participants rated these products using SUSapp only so they could have a
basis for rating the usability of the SUSapp itself.

As specified in ISO 9241-11 (ISO, 1998), usability was assessed using the measures of
efficiency, effectiveness, and satisfaction, that is, the dependent variables. Efficiency is defined
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as the amount of time it took a participant to complete a task. The number of seconds it took
for a participant to complete the SUS on SUSapp was measured, starting from when the
participant selected “Start” after reading the instructions to when they hit "Confirm” after
finishing the survey.

Effectiveness is defined as being able to complete a specified task. This was measured by noting
whether or not a participant was able to successfully finish taking the SUS survey on the app.

Satisfaction measured the participant’s subjective impression of whether the SUSapp was
usable. This was measured using the System Usability Scale (Brooke, 1996) on SurveyMonkey
(we did not depend on the SUSapp for this part of the study in case the app had usability
problems). The SUS yields a single score on a 100-point scale. SUS scores can be interpreted as
being similar to a 100-point academic grading scale, for example, 90-100 on the SUS is
comparable to an A letter grade, 80-89 is like a B, and so on (Bangor, Miller, & Kortum, 2009).

Participants

Participants were 35 Rice University undergraduates who were recruited from the university’s
human subject pool. All students volunteered as participants in exchange for partial course
credit; if students did not want to participate in research, they completed an alternative
assignment. Of these participants, three were excluded from data analysis due to either
experimenter error or equipment failure.

Twenty-six participants were female and six were male. The mean age was 19.2 years, with a
range of 18 to 22 years and a standard deviation of 1.3 years. Most of the participants were
Asian (53%). The others were Caucasian (22%), Hispanic (22%), and African American (3%).

The mean self-reported score for phone and tablet application experience on a scale of 1 (being
a novice) to 10 (being an expert) was 6.7 (s = 1.6). The mean self-reported score for overall
computer expertise on a scale of 1 (being a novice) to 10 (being an expert) was 6.1 (s = 1.6).
When asked to indicate how often they use phone or tablet applications on a scale of 1 to 5,
participants self-reported a mean of 4.8, where 1 is never and 5 is frequently.

While all participants were highly educated and had experience with phone or tablet
applications, they are nevertheless a sample of potential future SUSapp users. In addition, this
sample size was sufficient for identifying major problems with the SUSapp design (Faulkner,
2003; Macefield, 2009). If any problems were identified, the goal was to address them before
release of the SUSapp on the Apple app store.

Materials

Three everyday objects were randomly presented to participants: a generic can opener, an
analog alarm clock, and a temporal artery thermometer. Subjective usability evaluations of the
three products were made using the SUSapp, which was installed and accessed on a mobile
device (iPhone 6S). The usability of these products was not the focus of the study, so we did not
assess the usability of the tasks performed with these products. Rather, participants rated the
products as a means to gain experience using the SUSapp, and so that we could assess their
performance while completing the SUS on the SUSapp, that is, collect efficiency and
effectiveness measures. At the end of the study, participants completed the SUS with respect to
their use of the SUSapp earlier in the session. Subjective usability assessments of the SUSapp
were administered using SurveyMonkey on a laptop (MacBook Pro 2013). We did not use the
SUSapp to evaluate itself; in case the usability of the app was so poor that it might have
impacted the ratings.

Procedure

Prior to the start of the study, participants were given an Institutional Review Board (IRB)
approved consent form to sign. After the consent form was signed, the experiment commenced.
In order to minimize experimental bias in the form of demand characteristics, where users
provide the answers they think the experimenter wants to hear (Holleran, 1991), participants
were only informed that they would be taking part in a study on the usability of everyday
objects. They were told that they would be using and rating three different products, but no
mention was made to the participant that the true goal of the experiment was to evaluate the
usability of the SUSapp (not the products) until the end of the experiment.
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Participants were given a specific task to accomplish with each of the following products:

e Can Opener: Use the can-opener to open the provided can.
e Alarm Clock: Set an alarm for 9:00 a.m.
e Temporal Artery Thermometer: Take your own temperature.

Following each task, participants were asked to assess the usability of the product they had just
used by using the SUS survey on the SUSapp. When participants were using the SUSapp,
efficiency and effectiveness measures were collected. After all of the three tasks were
completed, participants were asked to assess the usability of SUSapp by taking the SUS survey
on SurveyMonkey. This allowed us to assess overall usability of the SUS app while mitigating
the impact of potential demand characteristics. Finally, participants were asked to fill out a
background and demographics survey. They also had the option of providing open-ended
feedback about SUSapp.

Results

The following sections discuss the results of this study. These results suggest that the SUSapp is
very easy for participants to use when they rate the usability of products, services, or systems.

Efficiency

The mean time it took to complete the SUS as administered on SUSapp was 36 seconds, with a
standard deviation of 10 seconds and a range of 16 to 86 seconds. This is a reasonable amount
of time to complete a 10-item survey and is significantly less time than the average survey
completion times of 300 seconds reported for 10 question surveys in a large study of internet-
based survey administrations (Chudoba, 2019).

Effectiveness
Mean completion rate of the SUS when administered via the SUSapp was 100%.

Some confusion was noted about the handoff screen, which immediately follows completion of
the SUS survey. The hand off screen prompts users to hand the device back to the researcher
(see Figure 3D). It was observed that participants were unsure if they were supposed to hit the
confirm button or if the experimenter was supposed to perform that action. Either action is
valid, and so this minor confusion did not contribute to any failures in completion of the SUS
survey by the participants.

Satisfaction

For satisfaction, as measured by the System Usability Scale (SUS), the mean was 90.8 (out of
100), with a standard deviation of 7.3 and a range of 72.5 to 100. This score corresponds to an
"A" on the University Grading Scale developed and validated by Bangor, Kortum, and Miller
(2009) to help interpret SUS scores. The SUS score of 90.8 also corresponds to an adjective
rating between "excellent" and "best imaginable" on the adjective rating scale, which also can
be used to make sense of SUS scores (Bangor et al., 2009). These results suggest that the
SUSapp is perceived as highly usable.

Discussion and Conclusions

Through the examination of efficiency, effectiveness, and satisfaction measures, the data have
shown that participants are able to use the SUSapp to complete the SUS on an iPhone in a
reasonable amount of time. In addition, participants are satisfied with the usability of the app.
For these reasons, one can conclude that the SUSapp is a usable application.

There are a few limitations to this study. First, this study was focused on the assessment of
usability from the viewpoint of the participant, who must take the survey, because this is of
paramount concern for the administration of usability assessments. While every attempt was
made to ensure the usability of the SUSapp for the researcher, future assessment will need to
examine the usability of setting up the app by the experimenter. While we did consider SUS
administrators as users when designing the application, future work should more deeply assess
the application from experimenter’s perspective in order to identify problems that might arise
from that use case. The study was also limited because the participants of this study consisted
of healthy, well-educated, young undergraduate students. In the field, this may often not be the
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case. Nonetheless, undergraduates are prospective SUSapp users. This issue can be addressed
in future research to further improve the SUSapp. We also encourage researchers and
practitioners to help us continue to improve the application by reporting any issues through
GitHub (https://github.com/jeffreyxiong/sus-app/).

Overall, we believe that the SUSapp is a viable alternative for administering the SUS in the field
and laboratory. The mobile platform presentation and calculation of final SUS scores provides a
distinct advantage over existing options. Because the SUSapp utilizes a ubiquitous mobile
platform and eliminates scoring errors, we believe that it might have the potential to improve
the efficiency and workflow of usability practitioners as they collect usability data.

Tips for Usability Practitioners
The following tips can help you determine if the SUSapp is appropriate for your study:

e Use the SUSapp as a convenient platform for gathering SUS data in the field and
laboratory; the SUSapp is free and can be administered on a ubiquitous mobile
platform.

e Use the SUSapp to eliminate transcription errors that are often encountered when using
the paper form of the SUS. When the SUSapp is used, the data input by the participant
is compiled into a single spreadsheet for each study.

e Use the SUSapp to eliminate scoring errors on the SUS that can occur with paper and
web-based survey tools, as scores are automatically calculated within the final
datasheet.
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