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aDepartment of Psychology, University of Fribourg, Fribourg, Switzerland; bWe Are Cube, Bern, Switzerland; cBusiness School, Institute for 
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ABSTRACT 
The Hybrid Usability Inventory (HUI) is a usability questionnaire that uses a combination of pictorial 
and verbal information to express the meaning of its items. This study aimed to extend the static pic-
torial representation by using animations. Previous research has not yet addressed the positive or 
negative outcomes of using animations in pictorial questionnaires. We hypothesized that an ani-
mated questionnaire would have an additional positive effect on respondents’ questionnaire experi-
ence, motivation, and preferences without impinging psychometric properties. The goal of the 
present study was to compare the static HUI with an animated version (AniHUI) in an online test set-
ting. Respondent-centered aspects (questionnaire experience) and psychometric properties (sensitiv-
ity, validity, reliability) were assessed. Participants (N¼ 192) interacted with a website prototype 
(either high or low usability) and subsequently assessed the website’s usability either with HUI or 
AniHUI, the System Usability Scale (SUS), and further measures of interest. Results suggest that 
AniHUI did not differ substantially from HUI. However, both the static and animated scales were 
superior to the SUS regarding respondent-centred measures. Findings suggest that the HUI and the 
AniHUI are engaging and reliable scales that can be used in research and practice.

HIGHLIGHTS
� This study is the first that systematically compares a static and an animated hybrid usability 

scale regarding respondent-centered aspects (questionnaire experience) and psychometric 
properties.
� The static and the animated hybrid usability scale achieved psychometric results comparable to 

the SUS but were rated more favorably on respondent-centered aspects (i.e., motivation, aes-
thetics, and perceived completion time).
� The animated questionnaire did not emerge to be more engaging than the static one, being at 

the same level as the hybrid questionnaire.
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1. Introduction

The presumably most common and cost-effective way of col-
lecting information about individuals is by means of question-
naires. They were introduced in the first half of the 19th 
century (Gault, 1907) and made ever since a meteoric rise in 
empirical research and practice. Standardized questionnaires 
are also popular in the domain of usability evaluation, where 
they are frequently used during or after usability tests (Sauro & 
Lewis, 2016). However, the use of verbal questionnaires comes 
with certain limitations: (1) Only the literate population can 
answer them (Sonderegger et al., 2016). (2) Validated instru-
ments are often unavailable in languages other than English, 
making them difficult to use across language barriers 
(Baumgartner et al., 2020). (3) Participants’ motivation might 
suffer when answering long questionnaires or a battery of mul-
tiple questionnaires, leading to inadequate answering behavior, 

such as random answers (Robins et al., 2001). To overcome 
these limitations, alternative questionnaire types using pictures 
(pictorial) or a combination of pictures and words (hybrid) 
have been proposed (Baumgartner et al., 2021, 2023). While the 
number of established image-based tools is relatively modest, 
even fewer questionnaires use animations. The scope of this 
article is to investigate whether there are advantages associated 
with the use of animated questionnaires and whether they are 
useful in the context of a usability evaluation. Previous research 
on pictorial scales has shown that difficulties might appear 
regarding the reliable and understandable communication of 
meaning through images alone (Baumgartner et al., 2023). 
Therefore, it was suggested that animations in hybrid scales 
could be used for easier communication of specific content 
(e.g., movement, changes over time, highlighting). Although 
the idea seems reasonable and understandable, the question 
arises how this might affect the experience of the respondents 
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and as to what consequences this approach might have on the 
psychometric properties of the scale.

1.1. Usability evaluation

Usability is defined as the “extent to which a system, prod-
uct, or service can be used by specified users to achieve 
specified goals with effectiveness, efficiency, and satisfaction 
in a specified context of use” (ISO 9241-210, International 
Organization for Standardization, 2019, p. 3). Being inte-
grated into the overall umbrella construct of user experience 
(UX, ISO 9241-210, International Organization for 
Standardization, 2019), usability plays a vital role for practi-
tioners to assess the outcome of the interaction of a user 
with services and products. This is also reflected in the fact 
that usability is still routinely assessed in the context of 
interface development. The user-centered development pro-
cess is considered the gold standard in system design. 
Prototypes and design variants of an interface are tested at 
regular intervals with actual users to find out whether they 
can efficiently and effectively interact with the design and 
whether the interaction is satisfactory (Gould & Lewis, 1985; 
Noyes & Baber, 1999; Salah et al., 2014). The method 
applied in such an iterative design and evaluation procedure 
is referred to as usability test (Nielsen, 1994). In a usability 
test, various forms of data are recorded. In addition to inter-
view and observational data, the collection of subjective 
usability data is common (for more details, see Sauer et al., 
2020; Sonderegger et al., 2019). These data on subjective 
experiences are usually collected by means of standardized 
questionnaires. Over the past 30 years, more than 20 stand-
ardized instruments were published assessing usability in 
different forms (for an overview, see Assila et al., 2016).

1.2. Alternative questionnaire types

In recent years, alternative questionnaire types for usability 
assessment were created, such as pictorial and hybrid usabil-
ity questionnaires. A pictorial scale may be defined as “an 
instrument that makes use of image-based elements to con-
vey the meaning of its items” (Sauer et al., 2020, p. 1). A 
hybrid scale adds verbal elements (i.e., a question or a 
description) to the image-based elements to convey the 
underlying meaning (Baumgartner et al., 2021). The ration-
ale for developing and using pictorial scales is to provide 
users with inclusive access to questionnaires and facilitate 
usability evaluation. Especially hybrid scales have been 
shown in past studies to be more convenient for participants 
and were preferred when directly compared with verbal 
scales (Baumgartner et al., 2021, 2023). There are several 
advantages related to the use of hybrid questionnaires (as 
compared to verbal scales), with the most important being: 
(1) They provide a concrete visualization of abstract con-
cepts (e.g., usability) and give the respondent context (e.g., 
showing a specific usage situation). (2) The visual informa-
tion is complemented by a verbal statement or a question, 
which makes it easier for participants to understand the 
intended meaning (e.g., Ghiassi et al., 2011; Sauer et al., 

2020). (3) They stimulate interest, provide pleasure or joy, 
and increase the respondents’ motivation to complete this 
kind of scale (e.g., Desmet, 2003; Haddad et al., 2012). 
There are also some disadvantages: (1) When completing 
hybrid scales, participants typically need more time per item 
compared to using verbal items. In the wake of a growing 
need for more economic instruments, the number of items 
needs to be reduced to a reasonable number to compete 
with verbal instruments. (2) If verbal and pictorial informa-
tion does not match well, there is the risk of ambiguity, 
which might lead to confusion and wrong answers. (3) The 
development process is more complex and time-consuming 
than creating verbal items, and specialist drawing skills are 
needed to visualize the items (e.g., Desmet et al., 2016). 
Given that hybrid instruments have promising advantages, 
and potential drawbacks, we searched for ways to improve 
their characteristics to take advantage of their positive fea-
tures and mitigate the negative ones. In this work, we con-
sidered the inclusion of animations as a promising next step 
in the evolvement of image-based scales.

1.3. Animated questionnaires

An animation is an illusion of movement created by rapidly 
displaying a sequence of static images (Harrison & 
Hummell, 2010). The first film animations became popular 
in the 19th century and primarily served amusement pur-
poses (Bendazzi, 2015). Besides entertainment, animations 
are used today in various contexts, such as arts, advertising, 
and marketing, but also in learning environments, such as 
computer animations for medical education (Knapp et al., 
2022; Ruiz et al., 2009). In the context of questionnaire 
design, an animated scale brings motion into play as an add-
itional element. Consequently, we define an animated scale 
as an instrument that uses image-based elements enhanced 
with motion to convey the meaning of its items. To our 
knowledge, only a few validated questionnaires match the 
definition of an animated instrument. In emotion research, 
PREMO (Product Emotion Measurement Tool, Desmet, 
2003; Laurans & Desmet, 2017) was created to assess 14 
emotions toward a product using an animated hand-drawn 
avatar and specific sounds for each emotion. Another instru-
ment in this field is the AniSAM (Animated Self-Assessment 
Manikin, Sonderegger et al., 2016), which is a dynamic ver-
sion of the original SAM (Bradley & Lang, 1994) using ani-
mations to express arousal (i.e., a heartbeat with low or high 
intensity). In the medical field, the Animated Activity 
Questionnaire (AAQ, Peter et al., 2015) was developed using 
animated video sequences to assess the activity limitations of 
patients with hip or knee osteoarthritis. A further animated 
scale was developed by Setty et al. (2019) to assess dental 
anxiety in children. Addressing a similar population, the 
Computer Face Scale (Gulur et al., 2009) assesses pain and 
mood using an animated face that ranges from a smile to a 
frown.

Several potential disadvantages are related to the use of 
animated questionnaires: (1) Rebetez et al. (2010) argue that 
animations could have an overwhelming effect on the 
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working memory since change between frames needs to be 
memorized and processed to understand the item’s meaning. 
(2) Another argument is that not all graphical elements are 
instantly present but appear in a sequence of time. 
Participants must wait until the animation ends to have all 
the information ready for subsequent interpretation. This 
might lead to a longer item completion time. (3) Finally, 
creating and implementing animations in a questionnaire 
requires a lot of time and effort.

There are also potential advantages of using animated 
questionnaires. (1) Animations provide more information 
than a static representation (Tversky et al., 2002). In conse-
quence, item comprehension could be facilitated due to the 
availability of more detailed information. (2) They serve well 
as support for certain representations, such as expressing 
emotions (Caicedo & Van Beuzekom, 2006), reducing the 
abstraction level by showing a concrete representation from 
beginning to end. (3) Animations have the potential to 
enhance intrinsic motivation (B€ulb€ul & Abdullah, 2021) and 
were found to be more intuitive and much more enjoyable 
(Desmet, 2003) and hence might contribute to an improved 
experience of answering a questionnaire.

1.4. Questionnaire experience

Questionnaire experience (QX) is a recently introduced con-
cept aiming to capture respondents’ subjective experiences 
when answering a questionnaire. QX bears some resem-
blance to the underlying ideas of the concept of user experi-
ence (UX) and was defined as a comprehensive experiential 
process that respondents undergo when completing a ques-
tionnaire or a test (Sauer et al., 2020). It is considered an 
extension to the traditional psychometric properties of a 
scale with the purpose of providing a more wide-ranging 
assessment of a given questionnaire (Baumgartner et al., 
2021). The assessment of QX offers insights on (1) how 
engaged the participants were (motivation), (2) how com-
prehensible the scales were (comprehension), (3) how 
demanding it was to complete the scales (workload), (4) 
how satisfied the participants were with the questionnaire 
(satisfaction), (5) how aesthetically appealing the question-
naire was (aesthetics), and (6) how much time participants 
thought they needed to complete the questionnaire (per-
ceived time). Assessing these aspects alongside classical psy-
chometric properties helps to identify experiential issues of 
instruments. Furthermore, they represent a valuable comple-
ment when comparing two or more instruments.

1.5. Development of the hybrid and animated usability 
inventory

The Hybrid Usability Inventory (HUI) is a so-called hybrid 
instrument developed to assess perceived usability. It con-
sists of a verbal question (e.g., “How quickly did you achieve 
your goal with the website?”) and pictorial information that 
visually expresses the corresponding answer options. The 
pictorial content is based on the PUI (Pictorial Usability 
Inventory, Baumgartner et al., 2020). However, it uses a 

subset of the original 12 items to make the instrument more 
economical and less time-consuming (see Figure 1). The 
selection of the six items was based on the results of a com-
prehension test that was conducted for a previous study (cf. 
Baumgartner et al., 2023). The six items with the highest 
comprehension rates were selected for the present study.

In contrast to previous versions of the PUI, the answer 
options were reduced from a 7-point to a 5-point Likert 
scale, and all answer options are depicted instead of only the 
extreme points. Consequently, five representations were cre-
ated for each item, each one representing one of the scale 
points. Radio buttons with numerical anchors are used for 
displaying the corresponding answer option. Figure 2 shows 
the initial display consisting of the question and the five 
answer options. In addition to the question, a call to action 
is shown to explain to the user the handling of the scale 
(“Use the buttons −2 to 2 to select the option that most 
applies to you”).

Several design strategies were applied to distinguish 
adequately between answer options, consisting of (1) a 
change in the avatar’s facial expression (e.g., frowning vs. 
smiling), (2) the use of colors for key elements (i.e., red, 
grey and green tones), and (3) the application of Weber’s 
law using geometric progression to express the change in a 
given stimulus (e.g., the varying degree the time of the stop-
watch is filled; Kunin, 1955). In addition to these design 
strategies, we designed a gender-fluid avatar to overcome 
binary stereotypes and avoid the need to implement two or 
more gender representations (e.g., Ku et al., 2005; 
Sonderegger et al., 2016). Several pilot studies were run with 
students to develop the gender-fluid avatar.

For the purpose of this study, an enhanced version of 
HUI was created using animations (AniHUI). The anima-
tion consists of a 3-s primary animation representing the 
main idea of the item by manipulating graphic elements 
(e.g., completing the path to a goal or counting the time on 
the stopwatch). Figure 3 shows the animation sequence. The 
animation is repeated once to ensure that the respondent 
does not miss any information. A secondary 1-s animation 
is played when the pictorial representation is in its end state 
(i.e., after running the main animation twice) and consists 
of slight movements of the avatar to make it appear alive 
and to motivate the respondent to complete the rating.

1.6. Aim of the research and hypotheses

This study aimed to systematically compare respondent- 
centered aspects and psychometric properties of the HUI 
with an animated version of the same instrument (AniHUI) 
in an online test setting (i.e., a website usability test). The 
primary goal consisted of gaining insights into whether 
AniHUI would have benefits on an experiential level (e.g., 
motivation, preference) and whether psychometric properties 
were acceptable. The System Usability Scale (SUS, Brooke, 
1996) was used as an additional measure of comparison of 
which questionnaire experience and psychometrics were 
assessed as well. The secondary goal consisted of testing a 
gender-fluid representation of the avatar.
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Figure 1. HUI items 1–6 with the most positive answer option selected.

Figure 2. HUI item 1 with the initial display for the question and the answer options.

Figure 3. Primary animation sequence of AniHUI item 1, from beginning to end state.
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In general, we expect HUI to have psychometrics close to 
those of the SUS. A previous study (Baumgartner et al., 
2023) with the preceding version of HUI showed very simi-
lar results for sensitivity and high coefficients of convergent 
validity (r¼ .773). Furthermore, we do not expect consider-
able differences between HUI and AniHUI since both scales 
use the same pictorial and verbal content. Instead, we expect 
differences rather on an experiential level. Therefore, we put 
the following hypotheses forward for the questionnaire 
experience:

H1: Higher motivation and stronger preferences for HUI and 
AniHUI compared to SUS, with AniHUI having the highest 
ratings (AniHUI>HUI> SUS). Previous studies 
(Baumgartner et al., 2021, 2023) showed increased motiv-
ation ratings for the hybrid questionnaire type, and most 
participants preferred a hybrid questionnaire over a verbal 
one. Furthermore, we assume that the animated version 
gives a further motivation boost because of the inclusion 
of motion, which makes the questionnaire more vivid and 
pleasant to interact with (B€ulb€ul & Abdullah, 2021).

H2: Higher objective item completion time for HUI and 
AniHUI compared to SUS, with AniHUI having the longest 
completion time (AniHUI>HUI> SUS). Two previous 
studies (Baumgartner et al., 2021, 2023) demonstrated that 
completion times for hybrid items are generally longer 
than for verbal items due to the additional pictorial infor-
mation that has to be processed. We assume that item 
completion times are even longer for the animated versions 
since the animation must be played before giving a rating. 
The SUS is considered to have the shortest item comple-
tion time since only verbal content is shown.

H3: Lower subjective questionnaire completion time for HUI 
and AniHUI compared to SUS, with AniHUI having the 
lowest questionnaire completion time (AniHUI<
HUI< SUS). We assume that time perception is biased 
when completing the animated and hybrid questionnaire. 
There is evidence from motivation and flow research that 
intrinsically motivated participants tend to lose track of 
time when engaged in a pleasant or motivating activity 
(Conti, 2001; Nakamura & Csikszentmihalyi, 2014). Since 
we expect completing the animated questionnaire as a 
pleasant activity, we assume that time flies faster for the 
participants during questionnaire completion. We expect a 
similar effect to happen for the hybrid questionnaire but to 
a lesser extent.

2. Methods

2.1. Participants

Participants were recruited by an email invitation sent to 
bachelor’s and master’s students of various fields of study at 
the University of Fribourg. Moreover, the study was adver-
tised on the webpage of the Psychology Department. Ten 
gift vouchers (each 20 CHF) were raffled to increase partici-
pation. The study was conducted in German. The sample 
consisted of 192 participants (75.5% female, 24.5% male) 

with ages ranging from 17 to 84 years (M¼ 25.76, 
SD¼ 8.64). Amongst the participants were 149 students 
(77.6%), 33 employees (17.2%), and 10 persons who did not 
report their professional status (5.2%). Two participants 
(�1%) reported having some form of color blindness. 
Participants rated their experience with websites in general 
above midscale (M¼ 5.55, SD¼ 1.11) on a 7-point Likert 
scale ranging from 1 (very low) to 7 (very high). Thirty-six 
participants (18.8%) indicated they had seen the website 
before.

An a priori sample size estimation was conducted using 
effect sizes obtained in a previous study (d¼ .868; 
Baumgartner et al., 2023). According to the power calcula-
tion, 76 participants would be required to achieve a power 
of 1−b¼ .95 assuming an error probability of a¼ .050. 
Being aware of the issues of using exemplary data to esti-
mate population effect sizes (e.g., Anderson, 2019), we con-
siderably increased our sample size to be able to detect 
smaller effects.

2.2. Website prototype and user tasks

In the present study, participants interacted with a website 
of a fictitious leisure center, which was manipulated in 
terms of usability (low vs. high). The manipulation consisted 
of several violations of usability heuristics (Nielsen & 
Molich, 1990), such as excessively long delays when loading 
pages or inappropriate form design. The same website was 
already used in a previous study (Baumgartner et al., 2023) 
in which the manipulation of usability proved successful. In 
contrast to the previous study, participants completed only 
two instead of three tasks to minimize study completion 
time and dropout rate. The two tasks consisted of (1) find-
ing the opening hours of a specific sauna and (2) buying an 
annual subscription for the leisure center. Participants were 
able to navigate on the webpage to solve the tasks freely. 
Furthermore, they were instructed to move to the next task 
in case they could not find the solution within 4 min. A 
browser script was used to record whether participants 
interacted with the website.

2.3. Measures and instruments

The measures and instruments used in this study are divided 
into respondent-centered and psychometric measures. 
Respondent-centered measures involve aspects of QX 
(motivation, comprehension, etc.), preference, and question-
naire completion time. Psychometric measures consist of 
sensitivity, measures of convergent validity, and internal 
consistency. The measures and instruments are described in 
the following sections in more detail.

2.3.1. Respondent-centered measures
To assess respondent-centered aspects of the usability ques-
tionnaires, the Questionnaire Experience Questionnaire 
(QXQ; Baumgartner et al., 2023) was presented after the 
completion of the hybrid or animated scale and SUS. The 
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QXQ consists of three multi-item scales assessing motiv-
ation, comprehension, and workload. Two single-item scales 
are used to measure satisfaction and aesthetics. The scales 
are rated on a seven-point Likert scale (1¼ totally disagree, 
7¼ totally agree). In addition, a single-item scale for per-
ceived questionnaire completion time was used in this study 
(1¼ very little time, 7¼ very much time). The QXQ was 
already used in a previous study (Baumgartner et al., 2023) 
with a large sample (N¼ 777) in which the multi-item scales 
obtained acceptable to excellent reliability scores. Table 1
shows the wording of the scales and Cronbach’s alpha 
values.

Moreover, respondents’ questionnaire preference was 
assessed by using a bipolar seven-point Likert scale 
(1¼ verbal questionnaire, 7¼ image-based questionnaire), 
and questionnaire completion time in seconds was recorded 
by the online survey tool.

2.3.2. Sensitivity
Sensitivity refers to the ability to distinguish between differ-
ent levels of usability (Lewis, 2002). For an instrument being 
highly sensitive, large differences in usability scores are 
expected when websites are evaluated that vary regarding 
their design (e.g., a well-designed webpage is compared with 
an ill-designed webpage). This study assessed sensitivity by 
comparing scores of the various scales assessing a well- 
designed or an ill-designed webpage.

2.3.3. Convergent validity
Convergent validity refers to the idea that when two inde-
pendent instruments measure the same construct, high cor-
relations between them are to be expected (Messick, 1979). 
As the main convergent measure for this study, the System 
Usability Scale (Brooke, 1996) was chosen, a ten-item verbal 
scale that is answered with a 5-point Likert scale 
(1¼ strongly disagree, 5¼ strongly agree). The SUS is a 
prominent and frequently used instrument in the field of 
usability evaluation, with translations in various languages 
and good psychometric properties (for an overview, see 
Lewis, 2018). Sauro and Lewis (2016) have introduced a 
grading system, ranging from “A” to “F” for easier interpret-
ation of scores. This study used a validated German version 
of the SUS (Gao et al., 2020).

In addition to the SUS, a self-created single-item scale for 
overall satisfaction was used (“Overall, I was satisfied with 
this website.”). The scale was rated on a 7-point Likert scale 
(1¼ strongly disagree, 7¼ strongly agree).

2.3.4. Internal consistency
Internal consistency is one measure of reliability and esti-
mates how well the items of a questionnaire relate to each 
other (Coolican, 2017). Internal consistency is expected to 
be high when a questionnaire is assumed to measure a one- 
dimensional construct. Internal consistency of HUI, 
AniHUI, and SUS was assessed by calculating Cronbach’s 
alpha.

2.3.5. Related variables to the avatar’s gender
At the end of the study, two items were used to assess gen-
der-related perception of the avatar in the HUI and 
AniHUI. The first item asked for the gender the participant 
would attribute to the avatar, using a 7-point Likert scale. 
The adjective anchors “very male” (left extreme) and “very 
female” (right extreme) represented the extreme values, and 
“neutral” was used as the middle category. The second item 
asked how important it is to the participant that the avatar 
represents the participant’s own gender. A 7-point Likert 
scale was used with adjective anchors “not at all important” 
(left extreme) and “very important” (right extreme).

2.4. Experimental design

A two-factorial between-subjects design was employed in 
this study, with questionnaire type as the first independent 
variable (AniHUI vs. HUI) and system usability as the 
second independent variable (low vs. high). The latter per-
mitted to estimate sensitivity.

2.5. Procedure

Participants who clicked on the link in the study invitation 
were redirected to an online questionnaire where they 
received information about the study procedure and data 
privacy. After giving informed consent and completing a 
page with initial questions (demographics, website experi-
ence), participants were randomly assigned and redirected to 

Table 1. Items of the questionnaire experience questionnaire (QXQ) and Cronbach’s alpha values for multi-item scales (based on 
Baumgartner et al., 2023).

Measurable indicator Item Cronbach’s alpha

Questionnaire motivation The questionnaire was fun. .903
The questionnaire was entertaining.
The questionnaire was interesting.

Questionnaire comprehension The questionnaire was comprehensible. .871
The questions were clear.
The questionnaire was easy to fill in.

Questionnaire workload The questionnaire was too long. .738
The questionnaire was complicated.
The questionnaire was tedious to fill in.

Questionnaire satisfaction Overall, I was satisfied with the questionnaire. –
Questionnaire aesthetics The questionnaire had an appealing design. –
Questionnaire completion time How much time did it take you to complete the questionnaire? –

The wording was translated from German to English.
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either the low or the high usability version of the website of 
the fictitious leisure center. They were asked to solve two 
tasks using the website. After interacting with the website, 
participants were redirected to the online questionnaire, 
where they had to indicate how many tasks they could com-
plete and whether they already knew the webpage. On the 
subsequent pages, participants completed the post-test 
usability questionnaires, consisting of either HUI or 
AniHUI, and SUS. The sequence of presenting hybrid and 
verbal usability questionnaires was counterbalanced to pre-
vent order effects (i.e., half of the participants completed 
HUI/AniHUI first, and the other half SUS first). After each 
usability questionnaire, respondent-centered measures were 
assessed using the QXQ. On the last pages, participants were 
asked how they perceived the avatar (i.e., the gender evalu-
ation of the avatar, the importance of gender representa-
tion), which post-test usability questionnaire they preferred 
most (HUI/AniHUI, SUS), if they completed the question-
naire seriously and whether they want to participate in the 
raffle. Finally, they were thanked for their participation.

2.6. Inclusion criteria and data treatment

The following criteria were used to include data sets for the 
analysis: (1) participants with complete data sets, (2) partici-
pants who genuinely interacted with the website prototype, 
(3) participants without multiple study participation, and (4) 
participants who responded “yes” to the question of whether 
they completed the study seriously. Out of 243 participants, 
192 were included for data analysis according to these 
criteria.

Non-parametric tests were used for data analysis in case 
requirements for normal distribution and homogeneity of 

variance were not met. The following analyses were made: 
Comparisons of group means to determine sensitivity and 
respondent-centered measures (Mann–Whitney U test, 
Wilcoxon signed-rank test), correlational analyses for con-
vergent measures (Spearman’s rank correlation), analysis of 
variance to check for potential order effects, calculation of 
internal consistency (Cronbach’s alpha), and frequency anal-
yses for questionnaire preference and avatar-related analyses 
(descriptive percentages). The significance level for all analy-
ses was set to 5%.

3. Results

3.1. Analysis of respondent-centered measures

3.1.1. QXQ
Wilcoxon tests for all six measurable indicators of the QXQ 
were conducted to identify differences in respondent-cen-
tered aspects between HUI and SUS and between AniHUI 
and SUS (within-subjects comparisons). In addition, Mann– 
Whitney U tests were conducted to test whether there are 
significant differences between HUI and AniHUI (between- 
subjects comparisons). Figure 4 gives an overview of the 
results.

The analysis of the within-subjects comparisons showed 
significant differences in questionnaire motivation, question-
naire aesthetics, and perceived completion time. This effect 
pattern emerged similarly for HUI and AniHUI. They were 
both rated higher in motivation and perceived as more aes-
thetically pleasing and less time-consuming than their verbal 
counterpart (i.e., SUS). With regard to questionnaire com-
prehension, questionnaire workload, and questionnaire satis-
faction, no significant differences were found (all p> .05). 

Figure 4. Overview of QXQ indicators, including statistical parameters of Wilcoxon test (HUI vs. SUS, AniHUI vs. SUS) and Mann–Whitney U test (HUI vs. AniHUI).
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The analysis of the between-subjects comparisons showed 
no significant difference for any of the respondent-centered 
aspects (all p> .05).

3.1.2. Preference
The results of the questionnaire preference are presented in 
Figure 5. The analysis showed that a majority of participants 
preferred the HUI (59.8%) over the SUS (25.0%). The 
AniHUI was also preferred by most participants (56.0%) 
compared to the SUS (39.0%).

3.1.3. Completion time
The analysis of completion time is illustrated in Figure 6. 
The results for average item completion time show large sig-
nificant differences between HUI and SUS and between 
AniHUI and SUS (all p< .001). No significant difference 
was found between HUI and AniHUI (p> .05).

Regarding questionnaire completion time, no significant 
difference was spotted between HUI and SUS (p> .05). 
However, a significant difference was found between 
AniHUI and SUS, with AniHUI requiring on average 7 s 
longer to process than SUS (p< .01). However, no 

significant difference was obtained between HUI and 
AniHUI (p> .05).

3.2. Analysis of psychometric properties

3.2.1. Order effects
Analyses of variance were conducted to assess whether the 
order of questionnaire administration had an effect on the 
usability ratings. The analysis showed no significant main 
effects of order on HUI [F(1, 90)¼ 0.86, p¼ .412, g2

parti-

al¼ .007] and SUS [F(1, 90)¼ 0.20, p¼ .412, g2
partial¼ .007] 

and AniHUI [F(1, 98)¼ 1.38, p¼ .244, g2
partial¼ .014] and 

SUS [F(1, 98)¼ 0.67, p¼ .415, g2
partial¼ .007].

3.2.2. Sensitivity
Mann–Whitney U tests were carried out to assess the differ-
ence between low and high usability for HUI, AniHUI, and 
SUS. The analysis showed significant differences for all 
instruments (cf. Table 2). All usability questionnaires were 
highly sensitive, distinguishing well between low and high- 
usability conditions, with AniHUI showing a large effect size 
(r¼ .500), and HUI and SUS showing medium effect sizes 
(r� .370).

Figure 5. Overview of questionnaire preference for HUI, AniHUI, and SUS.

Figure 6. Overview of item and questionnaire completion time for HUI, AniHUI, and SUS. Notes: Data of N¼ 7 participants (3.76% of the overall sample) were 
excluded from data analysis since it was identified as outliers.

Table 2. Sensitivity of HUI, AniHUI, and SUS as a function of usability levels, including means, grades, and statistical parameters of Mann–Whitney U test.

Low usability M (SD), grade High usability M (SD), grade U z p r

HUI (N¼ 92) 70.02 (19.87), C 85.42 (15.26), Aþ 593.50 3.64 <.001��� .379
SUS (N¼ 92) 70.57 (20.04), C 84.15 (13.58), Aþ 613.00 3.47 <.001��� .362
AniHUI (N¼ 100) 72.28 (16.17), Cþ 87.01 (15.58), Aþ 528.50 5.00 <.001��� .500
SUS (N¼ 100) 69.85 (18.73), C 82.70 (14.12), A 705.50 3.76 <.001��� .376

Notes: Grades range from “A” to “F” (cf. Sauro & Lewis, 2016); ���p < .001.
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3.2.3. Convergent validity
Correlations were calculated to determine convergent valid-
ity (cf. Table 3). The analysis showed a strong correlation 
between HUI and SUS and a slightly lower correlation 
between AniHUI and SUS. Comparing the two correlations 
using Fisher’s Z indicates a small effect (Cohen’s q¼ 0.156). 
The correlation with the single-item scale for satisfaction 
was similarly high for HUI and SUS and again slightly lower 
for AniHUI.

3.2.4. Internal consistency
For the analysis of internal consistency, all items of the 
respective questionnaire were used. The results showed good 
Cronbach alpha values for HUI (a¼ .827), AniHUI 
(a¼ .814), and SUS (a¼ .886).

3.3. Evaluation of avatar

The evaluation of how the participants perceive the gender 
of the avatar is shown in Figure 7. The results show that 
almost two-thirds of the participants perceive the avatar as 
male, slightly more than 10% see it as female, and only a 
quarter perceive it as both male and female. When asked if 
it is important to present an avatar with the same gender as 
the respondent, three-quarters of the participants do not 
think gender congruence is important, and 15% think it is 
important, with about 12% being undecided.

4. Discussion

This study systematically compared a static hybrid usability 
questionnaire (HUI) with an animated hybrid questionnaire 
(AniHUI), focusing on respondent-centered aspects of ques-
tionnaire experience and psychometric properties. In add-
ition, both instruments were compared with a standardized 
instrument that measures perceived usability (i.e., the SUS). 
Findings indicate that respondent-centered aspects were very 
similar for HUI and AniHUI, with both having advantages 

on motivation, aesthetic appeal, and perceived completion 
time over the SUS. Moreover, static and animated question-
naires obtained fairly similar results regarding psychometric 
properties (i.e., high sensitivity, high convergent validity, 
and good internal consistency).

With regard to respondent-centered measures, we 
assumed in our first hypothesis (H1) that motivation and 
preference were highest for AniHUI, followed by HUI and 
SUS (AniHUI>HUI> SUS). Results indicated that HUI 
and AniHUI obtained considerably higher motivation rat-
ings than SUS. Although we expected the AniHUI to be 
more engaging than the HUI, no such effect was observed. 
The same holds true for questionnaire preference, which 
was clearly higher for HUI and AniHUI compared to the 
SUS but did not differ much between them (HUI: 59.8%; 
AniHUI: 56.0%). Therefore, the findings are partially in line 
with H1 since no clear advantage of the animated question-
naire over the static one could be found. One explanation 
might lie in the animation itself. Comics or cartoons often 
use exaggeration as a mechanism to convey the intended 
meaning and create an entertaining experience (Eisner, 
1985). It could be that the animations were too subtle to 
promote a more enjoyable experience. However, it must also 
be mentioned in this context that using too much exagger-
ation might risk bias in the rating (Reynolds-Keefer et al., 
2011). Another explanation could be that the animations 
alone have a similar impact as the static pictures because 
they lack an auditive supplement that emphasizes the ani-
mated content, such as sound effects (B€ulb€ul & Abdullah, 
2021). Other instruments, such as the PREMO, use sounds 
that correspond to the emotion the avatar represents 
(Caicedo & Desmet, 2009; Desmet, 2003). Hence, it is pos-
sible that additional auditory stimuli would lead to an even 
more positive evaluation of the AniHUI in terms of partici-
pant motivation.

Our second hypothesis (H2) stated that HUI and 
AniHUI would require increased item completion times 
compared to SUS, with AniHUI requiring the most time to 
be completed (AniHUI>HUI> SUS). In line with our 
hypothesis, results showed that verbal items were completed 
the fastest (�5 s). However, no significant difference was 
found between HUI (�8 s) and AniHUI (�9 s), although 
results are pointing toward that direction (p¼ .058). Again, 
our assumptions were only partially met. We conclude that 
verbal content is processed faster than hybrid content and 
that the additional animation also needs some extra time 
but does not differ significantly from the hybrid version. 

Table 3. Correlations between HUI, AniHUI, and measures of convergent valid-
ity (SUS, single item for satisfaction).

SUS Satisfaction (single item)

HUI (N¼ 92) .827��� .763���

SUS (N¼ 92) – .801���

AniHUI (N¼ 100) .771��� .642���

SUS (N¼ 100) – .765���

Note: ���p < .001.

Figure 7. Evaluation of avatar’s gender and importance of gender-congruent representation in percentages.
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Looking at questionnaire completion time, results suggest 
that HUI and SUS need about the same amount of time to 
complete (�50 s), and AniHUI needs a couple of seconds 
longer (�56 s). Even if HUI and AniHUI have four items 
less than the SUS, both instruments are completed in under 
1 min on average, which makes them still very time-efficient 
in administration.

In our third hypothesis (H3), we assumed that subjective 
time perception is different between hybrid and verbal ques-
tionnaires, with the animated questionnaire having the 
shortest perceived completion time, followed by the hybrid 
questionnaire, and lastly, the verbal questionnaire 
(AniHUI<HUI< SUS). Results suggest a significant differ-
ence between the hybrid and verbal questionnaire in the 
expected direction but no difference between the hybrid and 
the animated questionnaire. Again, our hypothesis is par-
tially in line with our assumptions and underlines that 
AniHUI and HUI behave very alike. This finding is interest-
ing since the objective completion time for HUI and SUS is 
about the same (�50 s) and even longer for AniHUI 
(�56 s). However, from the respondents’ point of view, it is 
perceived as faster than completing the verbal questionnaire. 
One explanation might be that participants are generally 
more engaged when processing pictorial questionnaires and 
tend to lose track of time (e.g., Conti, 2001). Whether the 
image-based elements are animated or not does not seem to 
matter. Another explanation could be that participants used 
the number of items as an argument for comparison and 
evaluated the instruments with fewer items as less time- 
consuming.

With regard to psychometric properties, the analysis of 
sensitivity between usability conditions revealed a medium 
effect for HUI and SUS (r� .370) and a large effect for the 
AniHUI (r� .500). In this regard, HUI and SUS behave very 
similarly, whereas differences using the AniHUI seem more 
pronounced, especially in the high-usability condition. 
Analyses for convergent validity showed that correlations 
between HUI and SUS were generally high (r¼ .827), and 
correlations with the single-item scale for satisfaction were 
substantial and in the same range as those with the SUS 
(r� .780). This finding is also reflected in the obtained aver-
age usability score, which is almost the identical for HUI 
and SUS. For the AniHUI, correlations with SUS (r¼ .771) 
and the satisfaction scale (r¼ .642) were of slightly lower 
magnitude. Finally, internal consistency turned out to be 
good for HUI (a¼ .827), AniHUI (a¼ .814), and SUS 
(a¼ .886), indicating the items of the questionnaires relate 
well to each other. Taken together, data analysis indicates 
good psychometric values for HUI comparable to an estab-
lished instrument, such as the SUS. Results of the AniHUI 
are generally somewhat lower. Given that the correlation 
between AniHUI and SUS indicates a strong agreement 
between measures (r> .700, e.g., Aron & Aron, 1999), we 
conclude that there is sufficient evidence that perceived 
usability is adequately measured. However, we might not 
dismiss the possibility that the animations impacted the 
results in some way.

Another finding that is worth mentioning is about the 
perceived workload when completing a questionnaire. There 
are concerns mentioned in the literature that animations 
could have an overwhelming effect on the respondent (e.g., 
Rebetez et al., 2010). We did not find any evidence to sup-
port this assumption in this study. No significant differences 
were observed between AniHUI and HUI or SUS concern-
ing relevant respondent-centered aspects, such as question-
naire workload or questionnaire comprehension. Therefore, 
we conclude that these concerns are unfounded, at least in 
the context of this study with this particular sample.

The secondary goal of this study consisted of testing a 
gender-fluid version of the pictorial scales. Despite attempts 
to design a gender-neutral representation, two-thirds of par-
ticipants evaluated the avatar as male, and only a quarter 
perceived it as both female and male. Interestingly, when 
participants were asked how important the correct gender 
representation is for them (i.e., whether the gender of the 
avatar corresponds with the gender of the respondent), 
almost three-quarters of participants reported that it is not 
important for them. Since about 15% of participants indicate 
that adequate representation is important to them (and an 
additional 12% are unsure about this), the question of gen-
der-appropriate representation in pictographic scales is rele-
vant. We believe that using a gender-fluid avatar in pictorial 
questionnaires is a viable way of representing the protagon-
ist in a questionnaire because it removes the need to design 
and implement multiple versions of a scale. Nevertheless, 
further design iterations with a more stringent evaluation 
procedure are needed to develop such an avatar.

The present study has some limitations. Three-quarters of 
the participants were students, which means that most par-
ticipants were highly educated. We assume that students are 
more efficient at completing questionnaires than non-stu-
dents, which might have influenced some of the results (e.g., 
completion time). In addition, the size of the sample in this 
study allows to detect medium to large effects. It would be 
interesting for future studies to address the non-significant 
effects of interest using a larger and more diverse sample. 
Furthermore, roughly a fifth of the participants reported 
already having seen the webpage. Since we cannot know 
which version of the website (i.e., low or high usability) they 
interacted with in the preceding study, there is the possibil-
ity that the previous interaction shaped their experience 
somehow. However, we do not believe that this preceding 
experience had a considerable influence on the results since 
the previous study was conducted more than one year 
before this study. As an additional limitation, we note the 
mixed experimental design employed in this study, in which 
the assessment of HUI and AniHUI was conducted 
between-subjects, while the SUS was assessed within-sub-
jects. For a more stringent experimental design, the inclu-
sion of a control group exclusively assessing the SUS would 
have been beneficial. But since there were no effects of ques-
tionnaire order detected, we believe that the potential impact 
on results was minimal.

Future research may look further into the direction of 
whether animated questionnaires coupled with sound effects 
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have a more positive impact on questionnaire experience 
than silent animated scales. In this context, it would also be 
important to assess whether the perceived attractiveness of 
the sound effects might bias the actual rating in some way, 
leading to a measurement error. Similar concerns have been 
raised earlier with regard to the attractiveness of pictorial 
scales (cf. Haddad et al., 2012). Scale developers should be 
aware, however, that animating a questionnaire is labor- 
intensive, and whether the additional effort ultimately pays 
off should be considered. Another promising line of research 
may be to determine better which audiences benefit from 
hybrid or animated scales. There is a list of assumptions 
concerning favorable conditions for administering pictorial 
scales to groups, such as non-native speakers or people with 
poor language skills (see Sauer et al., 2020). However, 
research has not yet examined whether the usefulness and 
subjective perception of hybrid scales differ systematically 
between important demographic variables (age, gender, or 
other variables of interest).

5. Conclusion

Results of this study imply that AniHUI showed increased 
motivation compared to a verbal scale (i.e., SUS), but it did 
not differ considerably from the static scale (i.e., HUI). In 
fact, most measures assessed in this study showed a pattern 
very similar to the static scale. Therefore, we conclude that 
the animated questionnaire—as it was implemented in this 
study—did not provide additional benefits that are not 
already covered by the hybrid scale. However, considering 
the findings of respondent-centered measures and psycho-
metric properties, we suggest for practitioners and scientists 
alike that both instruments are suitable to assess perceived 
usability.

Acknowledgments

We are very grateful to We Are Cube and Puzzle ITC for the support 
in the design and technical matters, to Ga€elle Meyer and Oriane Clerc 
for the help in scale development and data collection, and to Veronica 
Solombrino for the numerous design and animation reviews.

Ethical approval

This study obtained ethical approval from the Internal Review Board 
within the Psychology Department of the University of Fribourg 
(approval no. 546).

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This study was funded by a research grant (no. 100019_188808) from 
the Swiss National Science Foundation (SNSF).

ORCID

Juergen Baumgartner http://orcid.org/0000-0003-1341-7502 

References

Anderson, S. F. (2019). Best (but oft forgotten) practices: Sample size 
planning for powerful studies. The American Journal of Clinical 
Nutrition, 110(2), 280–295. https://doi.org/10.1093/ajcn/nqz058

Aron, A., & Aron, E. N. (1999). Statistics for psychology. Prentice-Hall, 
Inc.

Assila, A., De Oliveira, K. M., & Ezzedine, H. (2016). Standardized 
usability questionnaires: Features and quality focus. Electronic Journal 
of Computer Science and Information Technology, 6(1), 15–31.

Baumgartner, J., Ruettgers, N., Hasler, A., Sonderegger, A., & Sauer, J. 
(2021). Questionnaire experience and the hybrid system usability 
scale: Using a novel concept to evaluate a new instrument. 
International Journal of Human–Computer Studies, 147, 102575. 
https://doi.org/10.1016/j.ijhcs.2020.102575

Baumgartner, J., Sauer, J., & Sonderegger, A. (2020). Pictorial usability 
inventory (PUI) a pilot study. In Proceedings of the Conference on 
Mensch Und Computer (pp. 43–52).

Baumgartner, J., Sonderegger, A., & Sauer, J. (2023). Questionnaire 
experience of the pictorial usability inventory (PUI) – A comparison 
of pictorial and hybrid usability scales. International Journal of 
Human–Computer Studies, 179, 103116. https://doi.org/10.1016/j. 
ijhcs.2023.103116

Bendazzi, G. (2015). Animation: A world history: Volume I: 
Foundations–The golden age. Routledge.

Bradley, M. M., & Lang, P. J. (1994). Measuring emotion: The self- 
assessment manikin and the semantic differential. Journal of 
Behavior Therapy and Experimental Psychiatry, 25(1), 49–59. https:// 
doi.org/10.1016/0005-7916(94)90063-9

Brooke, J. (1996). SUS: A “Quick and Dirty” Usability Scale. In 
Usability evaluation in industry (pp. 207–212). https://doi.org/10. 
1201/9781498710411-35

B€ulb€ul, A. H., & Abdullah, K. (2021). Emotional design of educational 
animations: Effects on emotion, learning, motivation and interest. 
Participatory Educational Research, 8(3), 344–355. https://doi.org/10. 
17275/per.21.69.8.3

Caicedo, D. G., & Desmet, P. M. A. (2009). Designing the new PrEmo. 
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