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ABSTRACT

We have developed a pictorial multi-item scale, called P-
SUS (Pictorial System Usability Scale), which aims to
measure the perceived usability of mobile devices. The
scale is based on the established verbal usability
questionnaire SUS (System Usability Scale). A user-
centred design process was employed to develop and
refine its 10 pictorial items. The scale was tested in a first
validation study (N=60) using student participants.
Psychometric properties (convergent validity, criterion-
related validity, sensitivity, and reliability), as well as the
motivation to fill in the scale were assessed. The results
indicated satisfactory convergent validity for about two-
thirds of the items. Furthermore, strong correlations were
obtained for the sum scores between verbal and pictorial
SUS, and the pictorial scale was perceived as more
motivating than the verbal questionnaire. The P-SUS
represents a first attempt to provide a pictorial usability
scale for the evaluation of (mobile) devices.
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1 INTRODUCTION

Coined over 30 years ago, usability is a concept of
considerable importance for practitioners as well as for
scientists in the domain of human-computer interaction
(HCI). Describing two different qualities of the interaction
of a user with a technical artefact, definitions of usability
usually differentiate between a subjective consequence
(satisfaction) and objective
(effectiveness and efficiency) of a user-system interaction.
The International Organization for Standardization defines
usability 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’ [29; p. 6]. Although this
conceptual breadth is the reason why some scientists
argue that the usability construct is a dead-end from a
theoretical point of view [59], a growing community of
practitioners is out there adhering to the concept, driven
by digitalisation of our lives and the continuous need to
make the astounding technological progress accessible for

behavioural indicators

the common user. This is generally done by evaluating
usability throughout the development cycle of interactive
artefacts allowing the development of technical systems
that match the requirements of a user, also referred to as
user-centred design (ISO 9241-210; [30]). While the
concept of user experience (UX) has brought a slight shift
in the scope of the user-centred design process by
including also emotional experience as an important
outcome measure, the assessment of subjective attitudes
remains a predominant indicator of the interaction quality
within the user-centred design process - a measure
generally assessed by means of usability questionnaires.
However, completing multi-item usability questionnaires
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can be tedious and time-consuming in usability testing.
According to Brooke [10], test users are reluctant to reply
to long usability questionnaires after an extended usability
test and tend to lose focus, leading to insufficient and
biased data. In this context, a pictorial scale might provide
a more effective, motivating, and pleasant alternative to
verbal usability questionnaires.

1.1 Verbal Usability Questionnaires

A broad choice of instruments assessing the subjective
experience of users interacting with technical devices is
available (for an overview, see [4]), differing considerably
with regard to their scope, detail, and length. With regard
to the scope of measurement, it can be distinguished
between instruments that assess exclusively usability as a
subjective attitude towards the interaction with a system
and others that open the scope towards the evaluation of
user experience. A more fine-tuned categorisation can be
made by the criteria put forward by Christophersen and
Konradt [14], consisting of (a) evaluation purpose
(summative vs. formative evaluation), (b) evaluated
system (device type, domain), (c) dimensionality (single
vs. multiple dimensions), (d) answer format (Likert-type,
free text answers, ‘no opinion’-options), and (e) item
format (statement, question, semantic differential). Further
criteria might be important to consider as well, such as
length of the questionnaire, how established and
frequently used an instrument is and of which quality the
psychometric properties of the instrument are. An
additional important criterion, especially for non-English
researchers and practitioners is if the desired instrument
exists in a validated form in the target language.

A well-known tool in usability practice and research is the
System Usability Scale (SUS, [10,40]). This ten-item scale
has been referred to as an industry standard [11] and is
considered to be one of the most widely wused
questionnaires in usability practice [38]. The scale has
excellent psychometric properties with measures of
reliability scoring over .90 (e.g. [3,55]), good indicators of
validity (e.g. [3,34]) and sensitivity [55]. In addition,
several norming studies (e.g. [3,54,56]) have presented
normative data providing an empirical basis for the
interpretation of SUS scores. According to such normative
data, a SUS score of 65 can be interpreted as a marginally
acceptable result. This corresponds to a D grade ranging
between the adjectives “OK” and “good” [3] and
represents approx. the 40% percentile rank [54]. While the
SUS is described as a “quick and dirty” instrument [10]
due to its brevity, a plethora of other scales have been
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developed in order to assess usability and related
constructs.

Elaborate usability questionnaires with more than 70
items such as the MPUQ (Mobile Phone Usability
Questionnaire; [53]) or the IsoMetrics [23] have the
advantage that they consist of multiple dimensions. This
increases, in the context of a formative evaluation, their
diagnostic value and provide (in contrast to short
questionnaires or even single-item scales) more
information of where usability flaws may hide. Drawbacks
are that they are time-consuming and require a
considerable investment of motivation and effort of the
participants. Thereby, negative effects such as increased
dropout rates, a reduced response rate, and undesirable
participants’ behaviour might be the consequence.
Bosnjak and colleagues [41] found that participation rates
were significantly lower when the expected survey length
was 30 minutes or longer. Furthermore, survey length was
a greater predictor of response rates than materialistic
incentives. Similarly, Galesic and Bosnjak [22]
demonstrated that participants were more likely to start
and complete a questionnaire if it only took 10 minutes,
compared to 20 and 30 minutes. For answers given near
the end of the longer survey, they observed that
participants generally spent less time and that the length
of open question responses decreased significantly.
Participants also showed a tendency of marking the same
score on the response scale for questions later in the
survey, resulting in reduced variability in responses.
Another potential consequence of long questionnaires is
negative  survey impact
participants’ motivation in following studies and results in

experience, which can
a loss of response quality [46]. Creating a positive survey
experience is therefore not only important for present
study motivation but also participation in subsequent
studies.

Research suggests that positive affect increases interest
and enjoyment of interesting tasks and therefore results in
a higher intrinsic motivation [32]. One way to increase
participants’ motivation in usability studies is to provide
questionnaires in a way that goes beyond the usual verbal
evaluation. This could be done by creating pictorial
questionnaires.

1.2 Pictorial Usability Questionnaires

A limited number of pictorial instruments has been
developed in the domain of HCI. These instruments are
exclusively dedicated to the measurement of emotion or
mood, such as SAM (Self Assessment Manikin; [7]),

Page 2



CHI 2019 Paper

PREMO (Product Emotion Measurement Tool; [16]), PAM
(Pick-A-Mood;  [18]), LEMtool (Layered Emotion
Measurement Tool; [13]) and AniSAM/AniAvatar [57].
With regard to usability, a pictorial single-item scale has
been developed recently [4].

Numerous advantages are associated with the use of
pictorial instruments. It has been argued that the use of
pictorial items increases motivation. This has been
attributed to the fact that pictorial items are more
intuitively understandable and cognitively less demanding
[7,17]. This and the pictures in general make the
processing quicker and more pleasant [25,58]. Another
important advantage of pictorial questionnaires is that
they are independent of language. Therefore, a pictorial
instrument does not have to be translated when used in
different linguistic zones and can be used across cultures
[18]. Furthermore, the language independence simplifies
the questioning of children and people with lower
linguistic skills [12,24,50,57].

The use of pictorial scales also has some drawbacks. First
of all, it has been argued that pictorial items may not be as
intuitively understandable as suggested in the literature
[5]. Pictorial items can be vague and not contain enough
hints for a reliable judgement [36]. They also have been
criticised to be too oversimplified [57]. This can lead to
misinterpretation or confusion and thus to increased
processing time and flawed answers [51,57]. Pictorial
items could also contain elements such as gestures or
facial expressions that are not understood equally across
cultures [4]. A way to avoid such misunderstandings is to
add verbal hints or verbal instructions. By consequence,
the items are no longer completely language independent
[5,9]. A further point to consider is the potential
(subjective) influence of a picture on the participant. There
is a risk that a subject could choose an item because it is
subjectively attractive, and not because its meaning
correctly reflects the subject’s experiences or thoughts
[25,51]. In addition, the development of valid pictorial
scales can be very time-consuming and may demand
several adaptions and pre-tests [57].

1.3 Research Goals

The purpose of this project was twofold. The first aim was
to develop a pictorial usability questionnaire based on the
well-established verbal usability questionnaire SUS [10]
that facilitates gathering subjective data. The reason for
creating a pictorial version of the SUS was to provide an
inclusive, motivating and pleasant alternative to the most
widely used usability questionnaire. The pictorial items
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were designed specifically with regard to the evaluation of
smartphones, which represents a frequently used
everyday device. Since most items of the SUS are
formulated in a very general way, they can be easily
applied to various devices that use a graphical user
interface. Kortum and Bangor [35] for example
demonstrated in an online study that the SUS is well
suitable and valid for the evaluation of a wide range of
devices such as mobile phones, navigation systems, audio
players, etc.

The second aim was to gather initial data allowing us to
determine psychometric properties of the newly
developed pictorial scale with a first lab-based study.
Additional goals were to gain further insights into how
such scales are perceived. To our knowledge, there are no
pictorial multi-item scales developed yet for the
measurement of perceived usability.

2  SCALE DEVELOPMENT

2.1 Scale Development Process

The development process consisted of three phases. An
overview of the development process is given in table 1.

Table 1. Overview of the iterative process of P-SUS
development comprising phases, methods, number of
involved team members or participants and steps.

Phase Method

z
72]
-+
(¢}
e

Iteration 1 Association Elicitation Test
Design Meeting
Implementation
Design Meeting
Implementation
Think-Aloud

Iteration 2 Design Meeting
Implementation
Design Meeting
Implementation
Think-Aloud

Expert Survey
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=
(=]

Iteration 3 Design Meeting
Implementation
Design Meeting
Think-Aloud and Rapid
Prototyping

Validation Study

BOmWOEHEHDO®OERO®ROO

g W

E

=
<
e

C=Conception, R=Realization, E= Evaluation

In each phase, a three-step procedure was applied, which
was modelled on the Plan-Build-Run model used in IT
projects [62], resulting in Conception-Realization-
Evaluation. Several methods were applied for the three
steps, consisting of (a) association elicitation test, (b)
design meetings, (c) implementation of changes, (d) think-
aloud protocols, (e) rapid prototyping, (f) expert survey
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and (g) validation study. The methods are described in
more detail in the following paragraphs.

2.1.1 Methods Used for Conception

Association elicitation test. An association elicitation test
was applied at the beginning of the first phase to gain
insights into the mental models of participants filling in
the verbal SUS questionnaire. The procedure was inspired
by the gesture elicitation study of Angelini et al. [1] but
was used to gather associations with verbal items instead
of gestures. Nine students and young professionals (sex: 5
male, 4 female; age: M = 32.00, SD = 14.29; occupation: 2
computer scientists, 3 students, 1 business analyst, 1
foreign language assistant, 1 commercial clerk, 1
homemaker) were first confronted with the verbal items
of the SUS and asked to explain how they understand the
items by making free associations. In a subsequent step,
they were asked to sketch out briefly on paper what
images come into their minds when thinking of the item.
The drawing part was inspired by the design studio
method, a collaborative approach for ideation and design
critique with users [6]. Sketches from all nine participants
were then analysed by three authors for recurring themes
and used as the first basis for visual representations of the
pictorial items. Interpretation issues were discussed in
subsequent design meetings.

Design meeting. Regular design meetings were held for
two reasons: to discuss ideas and results of think-aloud
protocols and to generate solutions for interpretation
issues of ambiguous items. The core team consisted of two
undergraduate psychology students and a supervisor with
research- and graphical skills (UX design). Occasionally,
experts in design (graphic designer, art historian) were
invited to collaboratively develop ideas for adequate
representations. Ideas were sketched out explicitly with
paper and pencil to assure a swift proceeding. Outcomes
were concrete modifications such as replacements for
misleading visual elements with more specific ones,
recommendations for focus on meaningful elements, etc.

2.1.2 Methods Used for Realization

Implementation of changes. Ideas developed in the various
design meetings were drawn as vector graphics to easily
allow modifications for subsequent iterations. Depending
on the suggested modifications, existing items were
adapted or built from scratch based on core components of
a previously developed style guide (for more details see
2.2).
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Rapid prototyping. A rapid prototyping approach was used
in the last phase to refine items and test them in rapid
iteration cycles. This approach is used in development
teams to test extensive changes or new designs on a
software with a low-fidelity prototype (to e.g. identify
usability flaws) before spending resources to implement
the changes on the software [27]. The goal was to test the
current version of the scale with a person in a think-aloud
setting and implement obtained feedback directly after the
session. The elaborated version was then tested with the
next person, etc. Such rapid iteration cycles were applied
five times.

2.1.3 Methods Used for Evaluation

Think-aloud protocols. Think-aloud protocols (e.g. [37])
were carried out in all
comprehension for each item by asking users to verbalise
their understanding of the pictorials. A facilitator wrote
down the interpretations. They were then categorized by
the same facilitator with regard to accuracy (high,
medium, low). If an item was not sufficiently
comprehensible, the facilitator asked the participant at the
end of the session which visual elements were difficult to
understand and how the item could be improved to match
its original meaning. In the following design meeting,
these inputs were shared and discussed within the whole
team. They were used as a basis for brainstorming and
further development of the items.

iterations to evaluate

Expert survey. An expert survey was conducted online at
the end of the second iteration to gather insights from
experts in visual design and usability. Ten experts
(usability experience in years, M = 9.90, SD = 5.82) were
asked for their opinion with regard to each pictorial item.
The procedure was as follows: (a) The items were shown
one by one (exposure). (b) Participants had to write down
their personal interpretation of the scale and describe
which visual elements led to their interpretation. (c) After
that, they were shown the verbal wording of the
corresponding SUS item. They then had to give a
subjective rating on a seven-point Likert scale of how
comprehensible the pictorial scale was. (d) In the end,
participants had to write down specific suggestions for
improving the scales.

Validation study. An initial validation study was carried
out with the goal to test several psychometric properties
of the P-SUS in an experimental setting. Convergent
validity, criterion-related validity, sensitivity, and internal
consistency were assessed. A similar set of psychometric
properties was already used by other researchers
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conducting validation studies of newly developed
instruments (e.g. [44,45].

2.2 Pictorial Items of the P-SUS

Ten pictorial items were developed for the P-SUS within
three iterations (see figure 1). They are based on the verbal
items of the SUS [10]. Items are bipolar and consist of two
visual representations, one for each extreme point. A
seven-point scale was used since research suggests that
more than five answer options maximize the reliability of
a scale (e.g. [48]). Furthermore, a seven-point version is
more likely to provide integer interpolations than five-
point scales [20].

Items were drawn using a professional design tool called
Sketch (www.sketchapp.com) to obtain vector graphics. In
the beginning, a provisional design style guide was
developed that consists of a number of core components
such as avatar representations, visual elements/objects
(e.g. smartphone), symbols and icons. This style guide was
continuously refined and specific details and components
were adapted during the design process.

The two visual extreme points used for each item depict a
positive and a negative usage condition, consisting of an
avatar interacting with a mobile device and further
elements to convey and underline the specific meaning of
the item. Several visual elements were used to increase
comprehensibility, such as signal colours (red, green),
meaningful symbols (check mark, x mark, light bulb,
question mark), and elements from comic strips such as
text bubbles [19] and onomatopoeia [33]. All items were
designed in a similar fashion.

Two versions of the items were developed, a male and a
female version with otherwise identical content. Since
some items turned out to be difficult to understand, we
added a few verbal elements in form of keywords and
onomatopoeia for the items 01, 03, 04, 07 and 08 in order
to increase comprehensibility and to minimize ambiguity.
This was done because the above described iterative user-
centred design-process indicated that some items turned
out to be difficult to understand. A full list of the ten
pictorial items and a full overview of their evolution
through the development process can be found in the
supplementary materials or under
https://invis.io/FXNXGNBAVCT.
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Figure 1. A pictorial version of the ten verbal SUS items
with positive and negative extreme points and seven-point
scale.
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3  VALIDATION STUDY

3.1 Goal of the Study

The goal of the study was to collect indicators describing
the validity and reliability of the developed P-SUS.
Convergent validity, criterion-related validity, sensitivity,
reliability, questionnaire completion time and motivation
to complete the questionnaire were assessed in a lab-based
experiment, in which participants first interacted with a
smartphone prototype developed by Hamborg and
colleagues [26], and second evaluated the prototype by
means of usability questionnaires.

3.2 Method
3.2.1 Participants

Sixty participants took part in this study (65% female,
83.3% students). Participants were recruited from the
Department of Psychology (33.3%) and other departments
of the University of Fribourg and Berne, and did not have
specific knowledge of HCI and usability. They were aged
between 20 and 31 years (M = 22.88, SD = 1.56) and rated
themselves rather highly in smartphone expertise (M =
5.73, SD = 0.78) on a seven-point Likert scale ranging from
1 (beginner) to 7 (expert). All participants possessed
smartphones.

3.2.2 Experimental Design

A one-factorial between-subjects design was used with
system usability as the independent factor. System
usability was manipulated by providing the participant
with a simple navigation structure of the prototype (high
usability) vs. a complex one (low usability). The two
prototypes differed exclusively with regard to their
navigation structure; all visual and aesthetical elements
were identical.

3.2.3 Measures and Instruments

To determine the quality of the pictorial questionnaire,
four primary psychometric measures were assessed: (1)
convergent validity, (2) criterion-related validity, (3)
sensitivity and (4) internal consistency. Two secondary
psychometric properties were obtained with regard to the
questionnaire modality (pictorial vs. verbal), consisting of
(5) questionnaire completion time and (6) motivation to
complete the questionnaire. All measures and instruments
are outlined below.

Convergent validity. Convergent validity is a subtype of
construct validity and is presumed to correlate highly
when two independent questionnaires measure the same
construct (e.g. [43]). It was assessed by using the SUS [10]
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as the main convergent validity measure for perceived
usability. The SUS consists of ten items and represents a
well-established verbal questionnaire for the assessment
of perceived usability. The original version of the SUS uses
a five-point Likert scale (1 = strongly disagree, 5 =
strongly agree), but for the purpose of this study, the
response format was adapted to a seven-point scale using
the original verbal anchors (for more details see 2.2). The
SUS is a widely-used instrument with high internal
consistency (Cronbach’s a > .91; [2]).

Criterion-related  validity.  Criterion-related  validity
describes the relationship between two independent
measures of the same construct. An estimation of
criterion-related validity was assessed by measuring two
‘objective’ performance aspects of the interaction with the
smartphone prototype (task completion time and number
of interactions) and correlating them with the ‘subjective’
score of the P-SUS and the SUS, respectively. We expect
correlations of medium size between measures of
subjective and objective usability (for a detailed discussion

see [4]).

Sensitivity. Sensitivity describes the ability of a scale to
distinguish between different levels of usability [39]. It
was assessed by comparing group-means of the low
usability condition with the high usability condition. A
significant difference is to be expected when an
instrument is said to be highly sensitive.

Internal consistency. Internal consistency ‘refers to the
homogeneity of the items in the measure’ [26; p. 968] and
is the most commonly accepted measure of reliability. It
was assessed by calculating Cronbach's alpha separately
for both pictorial and verbal scale. An internal consistency
of & > .90 is to be expected from a highly reliable
questionnaire [49].

Questionnaire completion time. Questionnaire completion
time refers to the time participants needed to fill in the
questionnaire. It was measured in seconds and was
automatically recorded by the online questionnaire.

Motivation to complete the questionnaire. Motivation to
complete the questionnaire was assessed using the three-
item subscale of the short version of the IMI (Intrinsic
Motivation Inventory; [61]), originally developed by Ryan
[52]. The items were used to determine the level of fun,
joy, and interest experienced during an activity. The
wording was adapted by specifying the kind of activity:
‘Filling in the questionnaire was fun’, I enjoyed filling in
the questionnaire very much’ and ‘T would describe filling
in the questionnaire as very interesting’. A seven-point
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scale was used (1 = strongly disagree, 7 = strongly agree).
McAuley and colleagues [42] reported an acceptable
internal consistency for the subscale (x = .78).

3.2.4 Procedure

Participants were tested individually either in a quiet
room at the University of Fribourg or at the participant’s
home. The facilitator provided a laptop with the
smartphone prototype and the questionnaires. After filling
in the form of informed consent and a demographical
questionnaire (age, gender, field of study, expertise and
possession of a smartphone), the participant carried out
three tasks on a smartphone prototype that was displayed
on the laptop. These consisted of (a) creating a new entry
in the address book, (b) retrieving the phone bill, and (c)
changing the ringtone of the smartphone. Half of the
participants operated a prototype with a simple menu
structure (high usability), whereas the other half operated
one with a complex structure (low usability). After the
completion of the tasks, participants filled in P-SUS and
SUS. The sequence of these questionnaires was
counterbalanced in order to avoid carry-over effects. After
each questionnaire, complete the
questionnaire was assessed using the short version of the
IMILL

motivation to

3.2.5 Data Analysis

Correlational analyses, comparisons of group means and
reliability tests were used for data analysis. Correlations
were computed to estimate convergent and criterion-
related validity, comparisons of group means were used to
determine if the instruments are capable to distinguish
between different levels of usability, and reliability tests
were carried out to assess internal consistency of the
questionnaires. The interpretation of the effect size r was
based on Cohen [15], who differentiates between small (r
=.100), medium (r = .300) and large effects (r = .500). We
applied non-parametric tests when requirements for
normal distribution and homogeneity of variance of the
data were not met.

4  RESULTS

4.1 Primary Psychometric Properties

Convergent walidity. Analysis of the data revealed
correlations of r > .500 for about two-thirds of the items.
However, items 04, 06 and 10 were below the expected
magnitude level (see table 2). Importantly, a high
correlation was obtained between pictorial and verbal sum
score of the SUS (r = .865).
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Table 2. Means of positively poled items (1-7) and sum
score (0-100) of P-SUS and SUS, and correlation of verbal
with pictorial items (N=60).

Item verbal pictorial ,
M (SD) M (SD)

01 4.00 (1.66) 4.62 (1.69) 6247
02 5.30 (1.91) 5.45 (1.81) 673"
03 5.45 (1.59) 5.50 (1.67) 801
04 6.88 (0.37) 6.05 (1.13) .378**
05 5.03 (1.56) 5.58 (1.44) 548%**
06 5.38 (1.53) 6.08 (1.21) 211
07 5.50 (1.64) 5.52 (1.54) 5754
08 5.35 (1.89) 5.08 (1.95) 646"
09 5.32 (1.48) 5.65 (1.51) 668%**
10 6.22 (1.14) 5.83 (1.44) 489***
Score 74.06 (19.21) 75.61 (19.39) 865%**

*p<.05 " p<.0L; " p<.001

Criterion-related validity. The sample size was reduced to
N=57 due to technical issues of recording the data of three
participants. Moderately negative correlations were
obtained between task completion time (M = 75.20, SD =
33.24) and sum scores of both the pictorial SUS (r =
-.342"*) and the verbal SUS (r = -.419™"), respectively. The
magnitude of correlations between user interactions (M =
31.44, SD = 15.61) and sum scores for both instruments
were identical (r = -.495***). Overall, the criterion-related
validity for both pictorial and verbal scales revealed a
highly similar pattern.

Sensitivity. A Mann-Whitney test was conducted to assess
if the sum scores of both scales are able to distinguish
between low and high usability condition. The P-SUS
obtained significantly higher scores in the high-usability
condition than in the low-usability condition (Mdnmign =
42.52, Mdnjpw = 19.26, U = 101.00, z = -5.16, p = .000, r =
-.666). A highly similar pattern was observed for the SUS
(Mdnhigh = 42.76, Mdnijew = 19.03, U = 94.00, z = -5.26, p =
.000, r = -.680). The results suggest that P-SUS and SUS
distinguish very well between devices of high and low
usability.

Internal consistency. The reliability analysis revealed high
internal consistency for both scales, the P-SUS (a = .912)
and the verbal SUS (a = .914). Both values were calculated
using all ten items.
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4.2 Secondary Psychometric Properties

Questionnaire completion time. T-tests were carried out to
assess if there was a difference in the amount of time
needed to fill in the P-SUS and SUS, respectively.
Participants needed significantly more time filling in the
pictorial questionnaire (M = 113.33, SD = 44.42) than the
verbal one (M = 78.12, SD = 29.37, t (59) = 6.520, p = .000, r
= .424).

Motivation to complete the questionnaire. T-tests were
carried out to assess if there were significant differences
with regard to the motivation of filling in the pictorial and
verbal questionnaire. Results showed on all three items,
motivation was rated higher when filling in the pictorial
questionnaire: fun (Mpictoriat = 5.03, SD = 1.63; Myerbal = 4.22,
SD = 1.45, t (59) = 3.673, p = .001, r = 0.254), joy (Mpictorial =
5.33, SD = 1.59; Myerbal = 3.85, SD = 1.46, t (59) = 6.710, p =
.000, r = .436), and interest (Mpictorial = 4.95, SD = 1.41;
Muyerbat = 3.92, SD = 138, 1 (59) = 4.689, p = .000, r = .346).
Comparison of sum scores revealed a significant
difference in motivation between pictorial and verbal
questionnaire (Mpictorial = 5.11, SD = 1.44; Myerpar = 3.99, SD
= 1.26, £ (59) = 5.732, p = .000, r = .382).

5 DISCUSSION

The findings of the validation study revealed high
convergent validity for seven out of ten pictorial items,
with correlations of r > .500. Three items showed a
correlation below .500 (item 04: ‘T think that I would need
the support of a technical person to be able to use this
system’; item 06: ‘T thought there was too much
inconsistency in this system’; item 10: ‘T needed to learn a
lot of things before I could get going with this system’).
One possible reason for the low correlations might be that
the items were still too ambiguous and open to multiple
interpretations, despite the efforts that have been made
during the iterative design phase. Interestingly, the global
scores of P-SUS and SUS were highly correlated (r = .866),
which demonstrates that a very similar overall result can
be obtained and that both instruments measure the same
construct.

The results with regard to criterion-related validity
showed correlations of medium size for task completion
time and medium to large effects for the number of
interactions with the prototype. Research shows generally
mixed evidence for the relationship between subjective
and objective usability, with meta-analyses indicating
medium to large effects (e.g. [47,55]), whereas others
indicate rather small effects (e.g. [29]). Nevertheless, since
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both instruments showed a similar pattern of effects, we
consider these results to be acceptable.

The analysis of sensitivity demonstrated that the P-SUS is
able to detect changes in usability, with effect sizes
indicating a large effect. A highly similar pattern could be
demonstrated for the verbal SUS.

Reliability analysis revealed a Cronbach’s Alpha from
above .900 for both scales, which is considered as an
excellent internal consistency [49]. With regard to the
verbal SUS, indicators of this study are very similar to
outcomes of reliability analyses from other authors [2].

Questionnaire completion time was significantly lower for
the verbal questionnaire compared to the pictorial one.
Participants spent in the mean three to four seconds
longer per item when filling in the P-SUS compared to the
verbal version. One interpretation might be that
participants are more used to fill in verbal questionnaires
and less to fill in pictorial ones, that is they process verbal
content easier and quicker. Another interpretation could
be that the participants needed more time to decipher the
true meaning of the scale, since some items consisted of
various visual elements. The second interpretation is in
stark contrast with the initial hypothesis of this study
suggesting that pictorial scales are more intuitively
understandable and thus processed quicker (see also [8]).

However, questionnaire motivation was significantly
higher for the P-SUS compared to the verbal
questionnaire. The largest difference was obtained for the
joy item, indicating that participants enjoyed more filling
in the pictorial questionnaire than the verbal one. This
goes in line with the opinion of other authors (e.g. [58])
that pictorial scales are more pleasant, which is likely due
to the visual nature and the amusing images of such
questionnaires. Some participants also commented and
verbalised between the different parts of the experiment
that they liked the pictorial scale very much. Similar
behaviour has also been reported by other researchers

(e.g. [16]).

With regard to these findings, however, some limitations
need to be addressed: (a) The sample consisted of only
sixty participants and was rather homogeneous with
regard to participants’ occupation, education level,
experience, and age. In order to generalize results, further
studies need to be conducted using a larger and more
heterogeneous sample. (b) Another potential limitation
that should be considered is the possibility that the results
might be biased to a certain degree by expert effects. It can
be assumed that participants with an academic
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background (as the ones in this study) are more often
faced with verbal questionnaires than those without. They
perceive such questionnaires as routine, the shorter
completion time for the SUS might be interpreted as an
indicator for this assumption. Thus, such participants
encounter fewer problems filling in verbal questionnaires
compared to pictorial ones, which, by contrast, pose a
completely new challenge. Therefore, it would be
interesting to compare the two questionnaire versions
without such a bias by, for example, training participants
to get used to pictorial scales. (c) Another limitation
addressed the interpretation of the pictorials across
cultures. Even if pictorial instruments are mainly
nonverbal, they may contain visual elements that are
more prevalent in certain cultures [21]. Therefore, such
questionnaires need to be evaluated across cultures in
order to assess to which degree consistent interpretations
are obtained. (d) A further limitation is linked to the
nonverbal nature of pictorial scales. Not all pictorial items
used in the P-SUS are exclusively nonverbal. Half of the
items used verbal keywords in order to increase their
comprehensibility and reduce ambiguity (see section 2.2).
Therefore, the P-SUS can be described as a hybrid scale,
consisting of pictorial and verbal elements such as
onomatopoeia and short keywords. We assume that user
groups with special needs such as dyslexic users and users
with lower levels of education would benefit from hybrid
scales, since pictures combined with simple keywords are
presented instead of exclusively verbal statements. Future
studies should include users with special needs to address
this assumption. (e) Since the majority of our participants
were students or people with a high level of education, we
used a 7-point scale to give them more options when
responding to the questions (see e.g. [60]). Since we used a
7-point scale for both the pictorial and standard SUS in the
present study, it is not likely that the extended response
format has affected the results (an appropriate adjustment
was made to the multiplier of the usability score).
However, practitioners who want to use the normative
data available for the SUS might wish to continue using a
5-point scale. (f) The last limitation relates to the three
items (04, 06 and 10) that obtained low convergent
validity. Two possible solutions for future development
could be: (1) to refine the pictorial items in order to get
acceptable correlations (i.e. r > .500), or (2) to remove the
three items and use a seven-item version of the P-SUS for
further validation. Further research needs to address the
question whether the low correlations might also be due
to issues in understanding the verbal items.

CHI 2019, May 4-9, 2019, Glasgow, Scotland, UK

6 CONCLUSION

Overall, the psychometric properties of the P-SUS and the
additional variables evaluated in this study can be
considered as satisfactory given its close conformity with
the results obtained using the verbal scale. These first
results with regard to the psychometric properties of a
pictorial usability questionnaire are encouraging. They
demonstrate that similar results can be obtained with a
pictorial scale compared to a verbal one, with the
additional advantage of increased motivation, but also
with the drawback of a longer completion time.
Furthermore, the findings show that the application of a
mix of various design-methods supports the scale
development, considering inputs of users and experts as
well. Nevertheless, more work on the scale and further
validation studies with a larger and more heterogeneous
sample are needed in order to permit a valid and reliable
pictorial assessment across cultural and linguistic borders.
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