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ABSTRACT
The number of multimodal agents aimed at children with or with-
out neurodevelopmental disorders (NDD) has increased tremen-
dously during the last decade. As this expands, so does research
into methods, tools, and metrics that can reliably assess their im-
pact. Traditionally, the majority of UX Research tools have been
produced for an adult audience, with fewer tools developed for a
younger population. Furthermore, most of these tools use a "direct"
method, in which detailed questions are asked directly to the indi-
viduals. However, when assessing youngsters, and mainly when
direct inquiries are posed, the literature identifies several challenges
and pitfalls not usually faced when testing adults. If overlooked,
they might lead to biased judgments. This paper proposes a novel
approach to UX Evaluation using implicit metrics, which offers the
obvious advantage of avoiding direct questions. We investigated the
application of the Implicit Association Test (IAT) - one of the most
acknowledged tests in psychology to reveal unconscious attitudes,
automatic preferences, and hidden biases - to determine whether
60 school-aged children enjoyed a multimodal interface dedicated
to language assessment. The results, although preliminary, disclose
discrepancies between what children state directly and what the
test detects. With our work, we want to offer two contributions.
The first, technical, describes both the logic as well as the tool we
used to develop the IAT. The second, methodological, offers prelim-
inary but exciting evidence to support the usefulness of implicit
measures, and the IAT, in this field.
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1 INTRODUCTION
The past decade has seen a remarkable transformation in technolo-
gies dedicated to children and able to address the broadest range of
purposes (education, entertainment, therapy). Not only the tech-
nologies are variegate (e.g., from virtual reality to tablet applications
to tangibles interfaces, etc.), but also the modalities of interaction
between the users and the technology itself are constantly evolving,
making it even more complex to correctly and, more importantly,
realistically assess its actual impact.

One of the most interesting and promising examples of new tech-
nology in this field is Conversational Agents (CA), aka software
that allows access to information and services by the use of natural
language communication [18] and can provide a more accessible
User Experience (UX) to subjects. This "naturalization" of the in-
teraction and, as a consequence, of the UX marks a significant step
forward in the Human-Computer Interaction research arena and
paves the way for a closer analysis of the resulting perks to younger
generations.
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The benefits of CA are even more evident when considering
kids who do not exhibit typical development but, in contrast, an
atypical one, such as children with Neurodevelopmental Disor-
ders (NDD). The DSM V - the Diagnostic and Statistical Manual
of Mental Disorders: V edition - describes NDD as a category of
developmental disorders defined by deficiencies in cognitive, social,
and communication domains [4] that embrace intellectual devel-
opmental disorder, global developmental delay, communication
disorders, autism spectrum disorder, attention-deficit/hyperactivity
disorder (ADHD), neurodevelopmental motor disorders, and spe-
cific learning disorders[4]. Unsurprisingly, a considerable part of
the research interest and literature has been directed toward a bet-
ter understanding of the role of these agents as a support tool for
such clinical cohort [14].

CAs, especially those that also present with multimodal interac-
tions (namely the variety of input and output prompts beyond the
voice that can be associated with the specific interaction [27]), can
adjust the difficulty level, content, information access, and pace of
activities to provide a better-customized and accessible experience
[19, 42, 45] that could be an invaluable asset. However, the broad
spectrum of special needs to be addressed and the very multidis-
ciplinary aspects to consider both when designing and evaluating
this target population represent an unprecedented and very intri-
cate challenge for the scientific community. It is imperative that
advances in how to engineer these technologies be accompanied
by equal advances in evaluating and understanding them and vice
versa to fuel a virtuous circle and ensure real progress in the field.

However, how do we estimate the real impact of this technology
on different populations? In adults, UX research is the subject of in-
depth studies, publications, and guidelines [24], but designing and
evaluating agents for children, and more specifically for typical and
atypical children, is an open topic that needs further investigations
[44].

We believe that a realistic and reliable UX assessment is funda-
mental and salient for three main reasons: (i) to prompt the design
and the development of multimodal agents, (ii) to advance research
in this field, and (iii) to provide a better understanding of the role
of these agents in typical and atypical populations [31].

Today, there is still limited reliable knowledge about the usability,
effectiveness, and perception of conversational agents in children
and, even more crucial, in children with NDD [14]. Children’s ex-
perience should be carefully examined differently from what is
typically the practice for adults[35], and assessing children with
or without NDD poses even more challenges and requires distinct
adjustments according to age groups, necessities, skills, and inter-
action with technology. Most UX Research tools have traditionally
been built for an adult audience, with fewer tools developed for
younger people.

Furthermore, most of these tools employ a "direct" approach, in
which comprehensive queries are directed directly at the partici-
pant’s [51]. However, when assessing children, mainly when direct
questions are presented, the research outlines various obstacles and
hazards that are only sometimes encountered when testing adults.
If ignored, they may result in biased conclusions. In our opinion,
a necessary step that needs to be taken is the expansion of the
tools available to perform UX testing in children that consider this
population’s psychological characteristics. This deserves, on the

one hand, some reflections on the limitations of the methodologies
currently in use and reported in the literature and, on the other, a
systematic search for newmethods or tools to improve and enhance
them [3]. Also outside the proper UX domain.

To fill this research vacuum, the present paper reports a case
study and suggests an unusual approach to UX Evaluation based
on implicit measures, which has the obvious advantage of avoid-
ing direct inquiries. We investigated whether school-aged children
enjoyed a multimodal interface dedicated to language assessment
by using the Implicit Association Test (IAT) [26], one of the most
widely used tests in psychology for revealing unconscious atti-
tudes, automatic preferences, and hidden biases [22, 28, 38]. The
study involved 60 children aged 6 to 7 y.o. who interacted with a
conversational agent in two modalities, one multimodal and one
non-multimodal, desktop-based. One researcher later explicitly
asked them to state which one they preferred. Subsequently, all the
subjects underwent an IAT test. Although early, the findings of this
case study show differences between what children say directly
and what the test discovers. With our work, we want to offer two
contributions. The first, technical, describes both the logic and the
tool we used to develop the IAT. The second, methodological, of-
fers preliminary but exciting evidence to support the usefulness of
implicit measures and the IAT in this field. The rest of the paper is
organized as follows: Section 2 provides an overview of the theoret-
ical background, with sub-sections on UX assessment in children
and the main pitfalls and risks. Section 3 describes the Implicit
Measures and Implicit Association Test (IAT) and its applications
to children. Section 4 presents the case study of MARS, the UX, and
the tasks. Section 5 focuses on the empirical case study. Section 6
presents the preliminary results. Section 7 reports the discussion
and the limitations of the work. Section 8 draws conclusions and
sheds light on the directions of our future work.

2 THEORETICAL BACKGROUND
2.1 UX Experience Assessment in Children
There are many different techniques and tools that have been devel-
oped to study User Experience and interaction: quantitative ones,
like user surveys and A/B testing; qualitative ones, such as user
interviews and focus groups; and mixed ones, such as usability
testing [53]. Trying out a product or an app is a complex experi-
ence that can be broken down into different constructs such as
desirability, aesthetic appeal, accessibility, or usability, to name a
few [40]. When it comes to applying these techniques to children,
the number of generic publications on what methodologies to use
is reduced. Among the first to cover this issue were Sherwin and
Nielsen. In their usability studies (2001, 2010, 2018)[48], the au-
thors tested 125 children aged 3 to 12 years old by asking them
to perform a range of tasks they had prepared while applying the
’think out loud’ paradigm. From this series of experiments, Sherwin
and Nielsen defined a series of guidelines that should be applied
when designing for a young audience. They described some skills
children have developed as using tablets and phones has become
more widespread. For example, kids have higher expectations of
interactivity and are more willing to troubleshoot than adults if
something is not working. Despite the differences, many of the
User Interface conventions defined for adults were automatically
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extended also for children. They had been employed when design-
ing technology, from web apps or Conversational Agents. Other
studies navigated children’s acceptance and enjoyment of different
applications through questionnaires such as the User Experience
Questionnaires (UEQ)[17, 32, 33], natural observation and inter-
views [29]. UX research is not only applicable to the digital world.

In recent years, there has been a return to tangible manipulation
and physical interactions as a new way to approach digital data
in a younger population. This field is labeled as ‘Tangible Embed-
ded Interaction’ (TEI) and focuses on mechanical devices to allow
for a more natural and less cognition-driven approach. Vanden
Abeele, Zaman, and De Groff (2012)[52] utilize laddering in their
case study to evaluate the interaction with a ‘cuddly toy interface’
with preschoolers. UX Laddering is an adapted interview method
and data analysis process for investigating the User Experience. The
goal of laddering is to identify and understand the linkages between
crucial perceptual elements across the range of attributes, conse-
quences, and values. The target audience should include children
aged 5 and older, as younger preschoolers may have more difficulty
with such tasks. The studies presented up to now focus on discov-
erability and learnability of the technology at the first and novel
interaction - aka the first time for the first time. The experiment by
Vissers, De Bot, and Zaman (2013)[54] explores long-term User Ex-
perience by adapting the UX Curve. This method relies on the user
to report retrospectively why their experience with a specific prod-
uct changed within a timespan. All the methodologies mentioned
above rely on explicit attitudes: the users, in these cases children,
are directly asked what their beliefs are regarding the products,
and their overt behaviors are observed and recorded. As we will
further explore in the following paragraphs, these methodologies
may not always be the optimal way of investigating the children’s
true feelings because of this population’s greater tendency to give
in to social desirability and be more susceptible than older people.

2.2 Testing children: main pitfalls and risks
When testing children, it is imperative to carefully tailor the re-
search protocol around their peculiar characteristics. Children be-
have differently from adults in many critical cognitive skills, such
as attention, self-regulation, and effortful control, which are cru-
cial during testing sessions. Moreover, children tend to engage in
different social dynamics [5]: they are more motivated to please
adults, and their ability to adjust to their surroundings and new
people may change in the course of the session [49]. They are more
inclined to tell "white lies", aka small, harmless lies or untruths that
are often told to avoid hurting someone’s feelings, maintain social
harmony, or prevent unnecessary conflict. These lies are generally
well-intentioned and not intended to cause harm [12], but their
impact on an evaluation might significantly alternate the outcomes.

Part of the research involving children deals with their opinion
on the experiences they were subjected to or their recollection
of life events. As mentioned before, children could adjust their
opinions to please adults [49]. The ability to recollect events has
been a topic of interest for the past three decades, and most research
has been produced in the legal context, given the importance of
children’s testimonies when it comes to certain crimes. However,
we can reasonably assume that the dynamics emerging from a

legal interview can affect any situation where a child is asked to
report on something they did or felt. For this reason, experimental
protocols involving an interview with the subjects to collect data
must proceed with caution.

In general, it has been proved that young children are most
susceptible to misleading suggestions [1, 9, 10]. Often these sugges-
tions do not carry any malevolent intent and are simply the result
of interviewer bias. Like all individuals, researchers tend to exhibit
biases towards information that confirms their beliefs and reject
contradictory evidence[20]. Biased interviewers are more likely to
ask specific questions instead of more "open-ended" ones. However,
because children give less accurate answers to specific questions
[11], this strategy soon becomes problematic.

Testing children requires consideration not only of their cogni-
tive, emotional, and social abilities but also how our biases influence
our communication with them. For example, the question "Was the
game you just played nice?" already includes the adjective "nice",
which might lead the child to assume that the person who asked the
question thinks it was nice and, not wanting to contradict an adult,
prompts the child to answer more likely positively than negatively.
A less biased way to ask this question would have been, "What
did you think of the game you just played?". There are no triggers
for judgment in this formulation. However, being a much broader
question, it requires considerably more time to narrow the focus of
the answer to what is of interest, as well as specific training of the
researcher on how to conduct such unbiased questions. However,
is it possible to think of any other solution that avoids the root of
the problem? The answer to this question comes from studies in
psychology that have delved into the use of implicit measures to
probe people’s opinions and biases without ever explicitly asking.

3 IMPLICIT MEASURES AND IMPLICIT
ASSOCIATION TEST (IAT)

In psychology, implicit measures refer to assessment methods that
aim to capture unconscious or automatic cognitive processes and
attitudes without requiring direct or conscious self-report. These
measures are designed to reveal implicit biases, attitudes, or associ-
ations that individuals might not be aware of or may be hesitant to
acknowledge in explicit or conscious measures [21].

Even though we have seen a surge in interest in the implicit-
explicit dichotomy in the last decade, its origins can be traced back
to the start of the 20th century. One of the most notable examples of
this distinction can be found in the "Treatise on Persuasion" by Hov-
land, Janis, and Kelley (1953) [25]. In their work, the authors defined
attitudes as "implicit responses," in contrast with opinions, which
were "verbal answers that one covertly expresses to (oneself)."When
applied to measures, the term "implicit" most commonly refers to
the fact that people are unaware of what the measure is assess-
ing, contrary to the case of an explicit measure, where people are
fully aware of what is being requested. Indirect measures seek to
overcome the limitations of the self-report methodological tech-
niques [16, 36, 55] which could be grouped in (i) self-deception
(e.g., false belief and a contradictory unconscious genuine belief)
(ii) other deception, such as social desirability and (iii) linguistic
bias [2]. Included in this category are a wide variety of methods
such as the Thematic Apperception Test [34], the Implicit Relational
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Assessment Procedure (IRAP), various reaction time-based tasks
designed to assess implicit attitudes and stereotypes[43] and the
physiological measures.

The concept of implicit measures gained even more scientific
consensus and significant attention with the development of the
Implicit Association Test (IAT) introduced by Anthony G. Green-
wald, Debbie E. McGhee, and Jordan L. K. Schwartz in 1998. The
Implicit Association Test [21] is the most widely used measure of
implicit cognition [41]. The test measures the strength of a per-
son’s automatic association between two concepts and evaluation
attributes by instructing participants to sort examples from two
pairs of concepts using just two response options. The idea behind
the test is that the sorting task should be easier (and thus, faster)
when two concepts are strongly associated. Stimulus items can be
presented as words, pictures, sounds, or a combination of the three.
The first field of application of the IAT was the implicit attitudes
towards race [21]. Since then, it has been used in several disciplines,
including social and cognitive psychology, clinical psychology, de-
velopmental psychology, neuroscience, market research, and health
psychology; see Schnabel et al. for a review on the topic [47]. In
the field of social science, in particular, it has been used to investi-
gate implicit attitudes when it comes to gender identity, race, and
self-esteem.

Given its nature as a measure of implicit constructs, the IAT
results can often differ from the self-reports. Regarding the latter,
the individual is probably unaware of what is being measured or
could be aware of it. However, they could answer differently if the
association does not conform to their belief system or if concerns
regarding the acceptability of such a response arise [39]. The IAT
neutralizes these processes, giving us what could be considered the
"real" answer.

3.1 IAT with Children
As discussed before, measuring children’s attitudes is a difficult
task as children show a tendency to respond in socially desirable
ways [49] or follow self-preservation biases [23] when tested with
an explicit measure. The Implicit Association Test represents an ad-
vantage in this scenario, as it permits an assessment of spontaneous
social and non-social attitudes [50].

Although IAT is widespread among adults, little has been done
regarding its application to children. Scientific publications are,
to the best of our knowledge, still limited. On the one hand, it is
understandable how an instrument requiring sustained attention,
working memory and inhibitory skills, such as the IAT, should be
carefully evaluated for very young children (under 5 years of age).
On the other hand, however, it could be extremely interesting for
older children. The test has been adapted for children as young as
six years old [6], with promising results for children around the
age of three [50]. Thanks to its adaptability, the IAT has been used
to investigate children’s attitudes in different domains regarding
the world around them and their inner selves.

Although studies on children can usually take some liberties in
the design of the procedure, such as the number of trials, modality
of stimulus presentation, scoring algorithm, and response type, the
mechanism underlying the test stays the same.

3.2 IAT In UX Research
When we talk about product evaluation, we have to consider func-
tionality and usability; however, with the increasing use of technol-
ogy in our field of research, we cannot underestimate the concept of
“experience” [37]. With this term, we describe the level of engaging
interaction with a device [2].

Our cognitive evaluations and implicit attitudes are triggered
when we interact with an object. This means that self-reports and
other questionnaires may only partially capture the experience’s ef-
fect on the individual. As we have discussed, these issues have been
long studied in the psychological literature, and implicit measures
such as the IAT are well-established solutions. However, the User
Experience is still generally evaluated through self-report ques-
tionnaires. By asking to report the interaction’s feelings, emotions,
affective states, and aesthetical experience, it is taken for granted
that the user is perfectly aware of their feelings and emotion and
can identify what triggers them. Another erroneous assumption is
based on the belief that our behavior is determined by implicit as-
sumption only when we interact with other humans or human-like
devices, or the interaction has a high degree of social or emotional
valence [2].

The IAT has already been used in marketing, with a variation
called Brand Association Reaction Time Test (BARTT) [30], sug-
gesting that multiple kinds of stimuli and situations can trigger
implicit assumptions. Another exciting factor that points to the
IAT as a good tool for measuring the impact of UX is how easy its
protocol is: the usual experimental paradigms are not appealing
for the industrial market (the foremost field in which UX plays an
important role), given they often take a long time to perform [2].
Since most of the research regarding UX comes from the private
market, establishing the IAT as a valid test in this field would benefit
this area of study, even beyond the needs of marketing and product
development. Even with all of its benefits, the use of IAT in UX
is still a relatively new application, as the first pioneering studies
have been emerging only in the last couple of years [2, 30, 56]

4 MARS: A CASE STUDY
In this paper, we propose the application of the Implicit Association
Test (IAT) in the context of User Experience (UX) Research to a
sample of n=60 schooled 6/7 y.o. children.

Our study aimed to determine whether using a multimodal or
non-multimodal agent to administer repetitive and unappealing
tasks to children is optimal. We present MARS, a multimodal agent
designed to distinguish children with Neurodevelopmental Disor-
ders (NDD) and language disorders from typically developed ones
through rhythmic tasks.

In our protocol, we proposed that children perform some tasks
through the multimodal version of MARS and others through the
non-multimodal version. Through explicit and implicit tests, we
assessed their preference for one version over the other. In this
chapter, we will introduce MARS, provide an overview of the IAT
and the tool used to create it and discuss the study’s explorative
results.
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Figure 1: MARS. Image 1 is the "running activity screenshot"
where the play/pause/stop/continue buttons are placed, the
logging id, some written description of all functionalities,
and the face of a funny red Alien that is the MARS character.
Image 2 is the MARS landscape.

4.1 Multimodal Conversational Experience with
MARS

MARS is amultimodal conversational agent created to deliver rhyth-
mic tasks and automatically record children’s vocal productions
[8]. We inserted gamification elements in the User Experience be-
cause MARS administers repetitious and unappealing activities to
a child’s eyes.

The application was developed for researchers as a Progressive
Web App (PWA) that can be easily used on laptops and mobile
devices (smartphones, tablets, etc.), acting as a powerful audio
collection and storage device. As a general premise, we assumed
that the children could feel uncomfortable repeating rhythmic pairs
of "ba-ba" and "bu-bu" in front of the investigator. This discomfort
could significantly impact children’s vocal production (inducing
them to speak in a lower or trembling voice) and, thus, the tool’s
effectiveness.

We developed a Multimodal Interface (Conversational and Tan-
gible) and a tale around a fun, charming, and friendly character
to avoid such risk. The story follows MARS, a little alien journey-
ing through space as he makes his way back home to his planet.
However, an unexpected twist occurs when his rocket malfunc-
tions, causing him to crash-land on an unfamiliar planet. To engage
the children, we immerse them in the narrative, allowing them
to assume the role of the captain of another spaceship, with the
researcher serving as their deputy pilot. Their mission is to assist
MARS by providing him with the necessary objects to repair his
rocket. Each completed task earns the child one of the elements
essential for fixing the rocket. We use picture cards and a plush
rocket to depict these items, adding a tactile and visual dimension
to the experience. For audio communication, we incorporated a
space-themed metaphor, wherein both MARS and the astronauts
constantly interact through headphones. This setup also requires
the children to wear headphones with microphones, allowing seam-
less communication during the session.

The conversational experience is designed to onboard and en-
gage users, telling them the story in which the session is set. By
combining storytelling, tangible elements, and agent-guided inter-
actions, we have created an engaging and interactive experience
that sparks the children’s imagination and involvement in MARS’

interstellar adventure. We built a spatial setting with several com-
ponents that the kid may control to immerse them in the story
better: a plush toy rocket, a space-themed background, the MARS
figure, and meteorites or moveable satellites, see figure 1. MARS
and the Tangible Interfaces were designed using a set of general
principles derived from various sources, including theories under-
lying gamification and TUIs (Tangible User Interfaces)for children
with NDD [7] and concepts emerging from the study of clinical
approaches to therapy.

4.2 IAT: Development and Tools
We will now describe some basic concepts of how the IAT works to
provide the reader with a better understanding of the logic behind
the test. As stated previously, the IAT measures the strength of
the association between concepts based on the latency in reaction
times. The IAT typically presents participants with a series of trials
where they must rapidly categorize stimuli (e.g., words or images)
into different categories on a computer screen by pressing specific
keys (e.g., "e" for the left category and "i" for the correct category).
For example, participants may be asked to categorize words related
to either positive or negative concepts (e.g., "joy," "love" for positive,
and "pain," "hate" for negative) and associate them with specific
groups or social categories (e.g., black and white faces).

The test measures the speed and accuracy of participants’ re-
sponses, capturing the strength of automatic associations between
the categories. The underlying assumption is that individuals with
implicit solid biases will respond more quickly when positive words
are paired with the favored social group and when negative words
are paired with the non-favored group. Conversely, individuals
with weaker biases may struggle more when positive words are
paired with the non-favored group and when negative words are
paired with the favored group.

Usually, the IAT consists of five main parts or blocks:
In each block, the subjects are exposed to a random combination

of stimuli belonging to categories. Usually, from 4 to 6 stimuli
for each category. The IAT score is based on the average time
participants took to sort words in the critical blocks, the third
compared to the fifth. The test measures implicit preferences by
observing how quickly participants associate concepts with specific
evaluations. The IAT presented in this study follows Carpenter’s
model (2019) [13] that suggested a 7-block version, in which blocks
3, 4, 6, and 7 are the critical blocks.

In our version, we favored images over writing, except for cat-
egory labels. We used images of the MARS multimodal version,
such as images of the landscape toy rocket or character and images
of a computer, keyboard, or headphones for the non-multimodal
category, see figure 2.

Since our goal was to see which of the two versions of the appli-
cation (multimodal or MARS vs. non-multimodal or computer) the
children liked best, we used different images for the two categories.
For the Multimodal category, the images of the landscape toy rocket
or character, while for the non-multimodal category, the images
of a computer, keyboard, or headphones. While investigating the
enjoyment of MARS, we used the labels "Happy" and "Sad" and
images of emoticons that prototypically represented the two emo-
tions. We used 4 images for each of the 4 categories (happy/sad and
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Multimodal/non-multimodal) category for a total of 16 images. See
figure 2 for all images we used in the IAT.

Our IAT consists of seven blocks:

• Block 1: in the first block, participants sort images related
to the concept (e.g., character, headphones) into categories
based on their position (left or right).

• Block 2: the second block involves sorting emoticons related
to feeling (e.g., happy, sad) into the same categories as in the
first part.

• Block 3: in the third block, concept and feelings images
are combined, and participants sort them accordingly. The
categories on the left may be Computer/Happy, and on the
right, MARS/Sad.

• Block 4: in the fourth, the categories on the left may be
MARS/Happy, and on the right, Computer/Sad.

• Block 5: the fifth block switches the placement of the con-
cepts from left to right or vice versa, with more trials to min-
imize the effects of the practice. So if the category “MARS”
was on the left, now it is on the right.

• Block 6: in the sixth block, concept and feelings images
are again combined, but the categories on the feeling are
swapped, so now the left may be Computer/sad, and on the
right, MARS/happy.

• Block 7: the final block, also called critical, combines the
categories in a way opposite to the previous combination.

Data collection occurred during blocks 3, 4, 6, and 7. The children
were asked to categorize Mars-related and emotion-related images
during these blocks.

On the screen, feeling categories (happy/ sad) and concepts
(Mars/computer) were randomly associated in the first two blocks
and oppositely in the next two, as shown in figure 3. For exam-
ple, if in blocks 3 and 4 the associations were Mars/ sad and com-
puter/happy, in blocks 6 and 7, the child had to categorize by
Mars/happy and computer/ sad.

To develop our IAT, we use a specific tool available for the on-
line survey software Qualtrics (2005) [15]. Qualtrics is a powerful
and widely used web-based survey software platform that allows
researchers, businesses, and organizations to design, distribute, and
analyze online surveys, polls, and questionnaires. It offers a com-
prehensive suite of data collection and analysis tools, making it a
popular choice for academic research, market research, customer
experience evaluation, and employee feedback assessments.

We used an extension called iatgen.org [13]. The iatgen tool
serves as an adjunct to the methods paper and streamlines the
entire procedure without the need for manual code editing. With
iatgen, we effortlessly customize our IAT through a web application
or a downloadable R package. The software then generates a ready-
to-run Qualtrics Survey File (QSF) incorporating the IAT. It is also
possible to further tailor the survey to their preferences, such as
adding explicit measures, randomization, or multiple IATs.

Additionally, iatgen offers the flexibility to customize existing
HTML/JavaScript code, which can be seamlessly integrated into
a Qualtrics survey or template. Once the research is completed,
iatgen provides a comprehensive set of analysis tools, conducts
data reduction, and offers diagnostics, including assessments of

internal consistency and error rates. Furthermore, the software
allows for exporting clean data for further analysis.

4.3 MARS: Study goals and Ethical
Considerations

Given the complexity of implementing MARS with all the multi-
modal components described above (agent, digital and physical),
we questioned the added value these could bring to the User Expe-
rience and, thus, whether they were necessary. On the one hand,
multimodality could be a key element in keeping children engaged
in the task and reducing anxiety and stress levels. Conversely, it
makes MARS hardly scalable and replicable, especially in its tangi-
ble part. We hypothesize that the multimodal elements make the
activity much more appealing to the children’s eyes, improving
their performance and reducing potential misleading in the data
collected of children’s productions.

Partecipants
Gender n Age

Mean SD
Total 60 6.25 0.47
Male 33 6.37 0.39
Female 27 6.23 0.51

Table 1: Partecipants Demographical Information

The study design aimed to gather data on the children’s prefer-
ences and attitudes toward the two versions of MARS, both explic-
itly through direct questioning and implicitly through the IAT test.
The research questions can be abstracted in the following:

• Do children really like MARS multimodality? Or do they
prefer a non-multimodal interaction?

• Can we compare implicit and explicit measures?
All research participants and their families were previously advised
and recruited voluntarily. Before starting the study, parents or legal
tutors provided informed permission, including information about
the study procedures, aims, and data treatment. The Ethical Com-
mittees of the University of Milano-Bicocca approved the study
protocol and authorized its execution, protocol number 588/2021.
Security, privacy, and confidentiality problems were managed in
accordance with Article 13 of the GDPR (General Data Protection
Regulation), EU Regulation No. 679/2016 of April 27, 2016, and the
European Data Protection Supervisor’s instructions (EDPS).

4.4 Participants
Sixty (N= 60) children were included in the study, with mean age =
6.25, SD = 0.47. Thirty-three kids were male (mean age = 6.37, SD =
0.39), and twenty-seven were female (mean age = 6.23, SD = 0.51),
see table 1. All participants were attending first grade and were
tested in the second four-month period. Moreover, we previously
tested the children for IQ using Raven’s Progressive Matrices [46]
to ensure that cognitive profiles were comparable and the only
differences were in language proficiency. Participant recruitment
was conducted at a Milan (Italy) metropolitan public school. Study
subjects had age-appropriate nonverbal IQ, no auditory or visual
deficiencies, and normal or appropriately corrected eyesight.
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Figure 2: Images used for each category of the IAT

Figure 3: Example of the IAT screen presenting an image linked with the gamified version of MARS.

4.5 Setting
The study single-session was conducted in a designated space at the
school. We particularly requested a quiet space to reduce ambient
noise during the session. To prevent distractions, the furnishing was
kept to a minimum: the room contained a few seats, a table where
we set MARS, and a laptop with a wireless mouse at a distance. The
children sat in front of the app landscape setting, close to one of
the researchers, with the computer in front of them. The kids were
asked to put on a headset with a microphone and interact with the
MARS agent. The session lasted around 15 minutes, and at the end,
each participant received a toy golden medal and a certificate of
achievement for their efforts.

4.6 Procedure
In the study, each child participated in both versions of MARS, and
the order of exposure to the two versions was randomized to avoid

any potential biases. Between the trials of MARS, the children were
given a categorization task involving sound stimuli on the computer.
This task served as a short break between the two MARS experi-
ences. The session lasted about 20 min. Following completing both
versions of MARS, the children were asked a direct question with a
facial prompt, inquiring which of the two modes they enjoyed the
most, "Do you prefer MARS or the PC-only version?”. After listening
to and noting the children’s initial responses, the researcher probed
further by asking them again if they were absolutely sure about
their choice, "Are you sure?”.

Subsequently, the children underwent the Implicit Association
Test (IAT) to assess implicit biases or attitudes. The IAT was con-
ducted after the MARS tasks and preference questioning to examine
potential associations between the different modes and any implicit
preferences that might be present. While doing the IAT, the chil-
dren were sitting in front of the PC and using the response keys
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"e" and "i" on the keyboard according to the task. The test lasted
approximately 15 min.

4.7 Results
4.7.1 Explicit measures: direct questions. The survey responses
showed that 43 children (71.67% of the participants) initially pre-
ferred MARS in the multimodal version, while 17 children (23.33%)
preferred the non-multimodal version. However, after the researcher’s
follow-up question asking if they were sure about their choice,
the number of children who preferred the multimodal version in-
creased to 49 (81.67%), and the number of those who preferred the
non-multimodal experience decreased to 11 (18.33%), see table 2.
Interestingly, six children (10% of the participants) changed their
statements immediately after the simple question, "Are you sure?".

Explicit Measure
Implicit Measure 0 1 Total
0 2 8 10
1 9 43 50
Total 11 49 60

Table 2: Number of implicit and explicit answers to the ques-
tion "Do you prefer MARS or the Computer version? In the
table, 0 = "Computer" and 1 = "MARS".

4.7.2 Implicit Measures: IAT. The interpretation of the Implicit As-
sociation Test (IAT) score involves understanding the strength of
implicit biases or associations measured by the test. The IAT score
is typically based on the difference in response times between two
critical blocks of the test, and the following ’block score’ is calcu-
lated: Mean Response Time (Mean RT) of target 1 with attribute 1
is calculated. Mean RT of target 1 with attribute 2 is calculated. The
difference in mean RTs of both blocks is divided by the inclusive
standard deviation (SD). A D-score expresses the results.

The descriptive statistical analysis indicates a D-score mean =
0.08, SD = 0.5, see table 3. The D-score indicates the difference in
the implicit preference between the two stimuli (Multimodal vs.
non Multimodal), with a positive score indicating a preference for
multimodality (a negative score would have indicated a preference
toward non-multimodality) This result suggests a slight preference
for the gamified condition. Nonetheless, the t-test t(60)= 1.19 p=
0.24 returns a non-significant value. Cohen’s d also indicates a small
effect size (d= 0.15), and reliability is very high, reaching 90%. So
our data can not be interpretable as conclusive.

4.7.3 Implicit vs Explicit Measures. The second aim of our study
was to compare the explicit and implicit evaluations of the children
between the two conditions. In the contingency table 2, a represen-
tation of the number of children that changed their minds with the
second question is depicted.

Most children (N=49) stated in the second part of the explicit
evaluation that the gamified version was the better one, and within
this group, 43 children were consistent with the answer given for
question 1. Of the 11 children that preferred the PC-only version,
only 2 were consistent between the two questions.

Implicit Preference

D-score mean = 0.08 s.d. = 0.5

T-test t(60) = 1.19 p = 0.24

Effect Size d = 0.15

Table 3: Difference in the implicit preference between the
two stimuli (MARS vs Computer). A positive score indicates
a preference for MARS.

To verify if the two explicit answers predicted the performance
on the IAT, two independent sample t-tests were performed. The
results were non-significant in both conditions with t(question1) =
-1.14, p=0.26, and t(question2) = -1.45, p=0.15. This indicates that the
response to the explicit questions was non-predicting the implicit
preference evaluated with the IAT and highlights the importance of
evaluating children with indirect measures to obtain reliable data.
To further confirm the results obtained, two linear regressions were
performed. For the first question, the t = -0.29, p = 0.77, R2 = 0.02;
for the second question t = -0.78, p = 0.44, R2 = 0.04, see table 4.
The p-values and the R2 values in the linear regression confirmed
what was found with the Student’s t-tests: the explicit questions
are not predictive and explain very little of the performance on the
IAT test, which reflects the implicit preference of the children.

Predicting the implicit answer from the explicit one
Question 1 Question 2

Independent sample t-test t = -1.14, p = 0.26 t = -1.45, p = 0.15

Linear regression t = - 0.29, p = 0.77, R2 = 0.02 t = -0.78, p = 0.44, R2 = 0.04

Table 4: Statistical analysis to verify whether the explicit re-
sponse to the two questions predicts the performance on the
IAT. Question 1 is "Do you prefer MARS or the Computer?".
Question 2 is "Are you sure?".

5 DISCUSSION
This paper presented a case study on assessing User Experience
(UX) in children, mainly focusing on a multimodal agent called
MARS, designed to identify children with Neurodevelopmental
Disorders (NDD) and language disorders. The study aimed to com-
pare explicit and implicit measures to gain insights into children’s
preferences and attitudes toward multimodal interaction. We uti-
lized classical explicit measures and a more sophisticated and novel
implicit measure known as the Implicit Association Test (IAT) [21].

The IAT is a well-known test in psychology that helps explore
unconscious biases and attitudes between concepts. We presented
both the theoretical framework and the practical tools for imple-
menting an IAT applied to a multimodal agent called MARS, dedi-
cated to identifying children with Neurodevelopmental Disorders
(NDD) and language disorders. As we argued, assessing children,
mainly when using direct questions, presents various obstacles and
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challenges that are not often encountered when testing adults. If
ignored, they may result in biased conclusions.

Based on this hypothesis, our experimental study aimed to an-
swer the following research questions: Do children like MARS
multimodality? Or do they prefer a non-multimodal interaction?
Can we compare implicit and explicit measures? The study found
that using direct questions as explicit measures could lead to biased
conclusions, especially when dealing with children as reported by
literature [5, 12, 49].

A significant percentage (10%) of children changed their re-
sponses when given a simple direct question, highlighting the im-
portance of careful probing and question design. When given an
explicit measurement by means of a very simple direct question,
"Are you sure?", six children changed their version immediately.
This supports our initial hypotheses and highlights the risks of
using direct, explicit measurement without adequate preparation to
avoid potentially biased questions. Furthermore, the data from the
explicit questions were neither correlated nor predictive of those
from the implicit measurements. We can make a bold assumption
and state that if the researcher had asked the question in a more
aggressive tone by also adding a reinforcement such as "Are you
really, really sure?" and asked the question a third time, the num-
ber of children who would have changed their minds might be
even higher. These observations confirm the importance of using
measures that can replace or supplement explicit ones.

The IAT results supported the findings from explicit measures,
indicating that children favored the multimodal interaction with
MARS over a non-multimodal one. The IAT provided additional
insights into the strength and direction of implicit associations
between concepts, further confirming the preferences observed in
explicit measures. However, we acknowledged that interpreting IAT
scores requires caution due to individual variability and potential
measurement limitations. Therefore, we recommended using the
IAT in combination with other methods and measures to obtain a
more comprehensive understanding of implicit biases and attitudes.

Notwithstanding the inherent limitations delineated above, we
assert that the application of this methodology holds substantial
significance within the domain. Notably, this tool circumvents the
prerequisite for reading proficiency, emphasizing instead the im-
perative of visual cognitive acumen. This attribute renders it enjoy-
able to individuals in their earlier developmental stages and those
with reading impediments. Moreover, the mode of response hinges
upon motor dexterity, entailing the pressing of specific key pairs.
Conventionally, this involves the "i" and "e" keys situated on the
standard keyboard. It is, however, imperative to clarify that this
convention merely serves as a reference, obviating any demand
for the participants, especially children, to discern these characters
on the keyboard or comprehend them textually. Their task merely
entails the pressure of the designated keys, which can be easily
substituted by alternative inputs or a specialized button interface.
Adopting a motor-driven modality also extends the applicability of
the Implicit Association Test (IAT) to encompass individuals grap-
pling with Language Disorders, as evinced in our study, and those
encountering challenges in phono articulatory functions. How-
ever, our firm conviction rests upon the necessity for a broadened
scholarly discourse within this domain. The existing body of re-
search concerning the pediatric cohort of IAT application remains

circumscribed. In light of the inherent attributes characterizing
the administered test, particularly its active engagement of sus-
tained attention, working memory functions, and the capacity for
inhibitory control, a methodical investigation into its compatibil-
ity with considerably severe phenotypes of Neurodevelopmental
Disorders (NDD) is undeniably needed.

6 CONCLUSION
Although early, the findings of this case study show differences be-
tween what children say directly and what the test discovers. With
our work, we want to offer two contributions. The first, technical,
describes both the logic as well as the tool we used to develop the
IAT. Using iatgen simplifies and automates the IAT implementation
process, providing researchers with an efficient and user-friendly
solution for conducting and analyzing Implicit Association Tests.
The second, methodological, offers preliminary but exciting evi-
dence to support the usefulness of implicit measures and the IAT,
in this field.

In summary, the study highlights the significance of employing
implicit measures when assessing UX in children and underscores
the importance of careful questioning to avoid potential biases in
research findings. The paper contributes to the existing literature,
reinforcing the importance of careful assessment techniques when
studying children’s preferences and attitudes. By incorporating im-
plicit measures like the IAT, researchers can gain valuable insights
beyond what explicit measures alone may offer.
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