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Abstract: Virtual reality (VR) has proven an effective means of job training for people with intel-
lectual disabilities who may experience difficulties in learning. However, it is unlikely for them to
successfully complete a certain task using only VR-based job training contents without receiving
supplemental help from others. Accordingly, to increase the effectiveness of virtual job training for
people with intellectual disabilities in training situations in which they may experience difficulty and
become unable to proceed further, the contents of the training program need to automatically identify
such moments and provide support so that they may correctly perform the task. To identity the
moment of intervention, we conducted an experiment (n = 21) to collect eye tracking data of people
with intellectual disabilities while performing VR-based barista training. We measured eye scanning
patterns to identify any difference between people with intellectual disabilities who complete a
given step independently and those who request intervention. We found that the information about
the types of fixated objects did not help to identify any difference, but the information about eye
transition, eye movements between two different areas of interest, was useful in identifying the
difference. Our findings provide implications for identifying the moment of intervention for people
with intellectual disabilities.

Keywords: virtual reality; intellectual disabilities; behavior analysis; visualization; job training; eye
tracking; visual attention

1. Introduction

Virtual reality (VR) is an important technology facilitating job training [1-4]. For
risky jobs, VR-based training enables students to safely make and correct their mistakes
in most situations. This lets them avoid potential risks they might face while providing
sufficient opportunities to apply their theoretical knowledge in secure virtual environments.
For example, in the medical field, VR allows learning surgical skills by manipulating the
virtual anatomic structures of the human body, but avoiding potentially risky or stressful
situations [5,6].

In addition to its general applications, VR-based training has been widely used by
people with intellectual disabilities. In this paper, we define the term intellectual disability
as a condition in which a person has mild limitations in intellectual functions. According to
the Korean Disability Welfare Act, these are people with 3rd degree intellectual disability,
and they are able to participate in the usual classes of normal schools and receive an
education adequate to get a job and lead a social life [7]. With increased integration of
people with intellectual disabilities into society, vocational education for the disabled has
become increasingly important [8]. Due to their limitations in intellectual ability, it is
probable that they often require investments of time and repetitive training to master a
certain task [9]. This may prolong the learning curve of people with intellectual disabilities
and become the main obstacles to employers hiring them [10].
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To broaden their employment opportunities, various attempts, e.g., enacting laws or
incentives to promote increased employment, have been conducted worldwide. In some
countries, governments have established job training centers for people with intellectual
disabilities [11,12]. These training centers help them become socially self-reliant by pro-
viding opportunities to practice vocational skills in the same environment as that of a real
workplace. The job experience facilities offer experience and training in vocational areas,
such as being a barista, steam car washer, librarian, nurse’s aide, and packager which offers
them a better chance of success. Currently, job training conducted with the help of teachers
within limited time and space does not allow trainees to independently practice through
repetitive actions. In addition, acquiring the skills necessary in an actual workplace poses
a safety hazard during training.

VR has proven an effective means of learning for individuals with intellectual dis-
abilities. Studies have shown that VR has a positive impact on the learning attitude and
academic achievement of students with intellectual disabilities who may experience dif-
ficulty learning [13-16]. A possible impediment to VR training is concern that people
with intellectual disabilities may have difficulty manipulating VR devices; however, it
has been demonstrated that most people with intellectual disabilities can fully control
VR-based systems if they receive prior instruction about the VR devices [17-19]. One study
reported that HMDs were enjoyable, easy to use, and even exciting for most children with
intellectual disabilities [20].

Despite being able to readily use of VR-based systems, individuals have required
supplemental assistance to successfully complete VR- based job training. Accordingly, to
increase the effectiveness of virtual job training for people with intellectual disabilities
in training situations in which they may experience difficulty and become unable to
proceed further, the contents need to automatically identify such moments and provide
support so that they may correctly perform the task. In this paper, this kind of assistance
is defined as an ‘intervention’. The type of intervention can include direct help from a
person or voice/video provided by the VR-based job training contents. Although several
research studies have discussed the effectiveness of VR-based job training for people with
intellectual disabilities, very few have proposed specific strategies to automatically identify
the moment needing intervention.

This paper offers a method of using eye tracking information to identify the moment
needing intervention for people with intellectual disabilities while performing VR-based
job training. According to research results studying eye tracking, an individual’s interest at
a specific moment is highly likely to coincide with the object being gazed at [21,22]. Our
study utilizes these findings to identity the moment people with intellectual disabilities
may encounter difficulties during training and are unable to proceed any further. We focus
on the occupation of barista, as it is one of the most preferred occupations for people with
intellectual disabilities. According to a recent study, being a barista is not only the top
priority job to which students with intellectual disabilities aspire but also the job most
preferred by their parents [23].

2. Related Work

Eye tracking is a method for recording and assessing people’s eye movements while
they perform a task. The assumption underlying the use of eye-tracking technology is that
there is a connection between where an individual gazes and what the individual is focusing
on or thinking about at that point. Cognitive processes are considered to be complicated, and
it is possible that an individual may be gazing at one thing but thinking about something
else. Nevertheless, a significant number of studies have acknowledged that eye movement
gives insight into understanding an individual’s cognitive processes [24-26].
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Eye tracking research commonly uses visual scanning behavior, named eye fixation.
Eye fixation occurs when the eye is focused on a particular point for at least 100-200 ms. Eye
transition, eye movements between two different areas of interest, is also a frequently used
concept in eye tracking research. The number of eye transitions implies how frequently an
individual switches his or her eye fixations from one point to another, with higher numbers
indicating more transitions. Figure 1 illustrates the definition of eye transition.

Fixation Fixation Fixation Fixation Fixation Fixation Fixation
onobjectl onobjectl on object 1 on object2 on object3 onobjectl on object 2

Figure 1. Example of eye transition: 4 transitions.

Eye-tracking research is widely used in various fields. In the medical field, an error
that often occurs during the process of verifying patient identification was detected by
analyzing nurses’ eye tracking data. That is, it was determined which information in
the patient’s chart, identification band, and medication label was being fixated on [27,28].
In our study, we measure eye fixation and transition to capture the objects in the virtual
environment of a barista that people with intellectual disabilities focused on. These analysis
results could be used to identity the moment the trainees are unable to proceed any further
and encounter difficulties during barista training.

3. Experimental Design
3.1. Participants

A total of 21 male and female participants in the training center for the intellectual
disabilities were selected as subjects for the study. A recruitment notice was posted on
the bulletin board of the training center, and the notice was explained during class by
the teacher in the center. The recruitment was conducted regardless of gender, and the
age range was limited to adults aged 18 to 50 years old. Those who might cause sudden
disruptions during the experiment due to severe autism or mental illness were excluded.
When a student wished to participate in the experiment, the recruitment notice and consent
form were fully explained in person or by phone call. His or her parents after hearing a
sufficient explanation of the purpose and methods of the experiment decided whether to
participate. Only after the parents’ permission was obtained was the student selected as a
subject of the study.

3.2. Ethical Considerations

Issues about protecting personal information were addressed as follows. To safeguard
personal information, a unique identifier was assigned to each subject and was used instead
of a name throughout the entire research process. Mapping between the name and the
unique identifier as well as records or data that could identify a subject were restricted only
to those researchers directly participating in the study. Personal information and research
data will be stored for three years after the end of the study, and afterwards, all electronic
and paper-type information will be discarded.

3.3. Settings

The experiments were conducted in the training center for intellectual disabilities
where the subjects were registered, which is an environment that was easy to visit and
familiar to people with intellectual disabilities. Visual and auditory stimuli generated in the
VR-based barista training contents during the experiment may cause dizziness in subjects.
In anticipation of such a situation, a teacher at the center who has specialized knowledge
about the characteristics of people with intellectual disabilities was close at hand in the
experimental setting in order to handle an unexpected situation. If the subject were to
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complain of eye fatigue or dizziness, preparations had been made to transfer the subject to
a hospital, but this situation did not occur during the entire experiment.

3.4. Instruments

Three instruments were used in this study: An HMD, controllers, and a VR-based
barista training contents. The HMD used in this study was one of the commercial HMDs
developed by Looxid Labs [29]. This headset was equipped with eye-tracking cameras and
so could collect eye-related data, ranging from pupil dilation and movements to blinking
patterns. VR-based barista training was performed with left and right controllers. In the
VR environment, they are shown as left and right hands. Figure 2 shows the HMD and
controllers used in this study.

(b)

Figure 2. A screenshot of the head mounted display and controllers: (a) HMD; (b) controllers.

The VR-based barista training contents consisted of ‘terminology education” and
‘barista education’. For the initial step of the training, terminology education was conducted
to perform cognitive training on a single barista object (e.g., “Find an espresso machine
and touch it with your hands”). Educating the students about terminology consisted of
13 steps. At each step, the barista objects which students were trained to recognize were:
An espresso machine (step 1), grinder (step 2), group head (step 3), portafilter (step 4),
tamper (step 5), tamper pedestal (step 6), shot glasses (step 7), knock box (step 8), steam
milk pitcher (step 9), steam valve (step 10), steam nozzle (step 11), dry linen cloth (step 12),
and wet linen cloth (step 13). Each barista object used in terminology education training is
shown in Figure 3.

ringer —— —3"
A ¢ __Steam valve

|4 shot glésses

. 1\ YTamper

'Steam milk' == ‘
pitcher Tamper
pedestal

Dry cloth  \Weticloth

Tamper

e ——

Figure 3. Barista objects in virtual reality-based barista training contents.
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When the terminology training began, the training contents provided a voice guide
for the first step: “Find an espresso machine and touch it with your hands”. When the
subject touched the espresso machine, the word “espresso machine” was shown near the
espresso machine in the virtual space, followed by a voice guide for the next step: “Find
the grinder and touch it with your hands”. When a barista object named by the training
contents by voice was touched, the voice guidance for the next barista object was continued
and so on. The education phase of the study was completed when the wet linen cloth, the
last barista object, was touched. Figure 4 shows a screen capture immediately after the
subject touched the grinder in accordance with the voice guidance.

Figure 4. A screenshot of the terminology education.

The barista education consisted of 21 steps, as shown in Table 1. Barista education was
also conducted similarly to the terminology education. At the start, voice guidance for the
first step announced: “Remove the portafilter from the espresso machine”. As soon as the
subject removed the portafilter from the espresso machine, voice guidance was provided
for the next step: “Wipe the portafilter with a dry linen cloth”. This manner was repeated
until all 21 steps were successfully completed.

Table 1. Steps comprising the barista education.

Steps Tasks
1 Remove the portafilter from the espresso machine
2 Wipe the portafilter with a dry linen cloth
3 Insert the portafilter into the coffee grinder
4 Turn on the coffee grinder
5 Grind the coffee beans by pulling the coffee grinder lever
6 Turn off the coffee grinder
7 Remove the portafilter from the coffee grinder
8 Tap the coffee powder in the portafilter evenly
9 Place the portafilter on the tamper base
10 Press the coffee powder in the portafilter to make it hard by using tamper
11 Remove the coffee powder on the surface of the portafilter by hand
12 Remove any remaining debris by pouring water on the group head
13 Attach the portafilter to the coffee machine
14 Place the shot glasses under the portafilter
15 Press the espresso brew button to extract espresso
16 Move the shot glasses onto the tray
17 Remove the portafilter from the espresso machine
18 Throw away the residue left on the portafilter in the knock box
19 Rinse the portafilter with water
20 Wipe the portafilter with a dry linen cloth

21 Attach the portafilter to the coffee machine
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3.5. Procedure

The experimental procedure approved by the Institutional Review Board at Pusan Na-
tional University, South Korea was as follows. When the subject arrived at the experimental
setting, a researcher first allowed him to take a rest and then performed the experimental
procedures and associated precautions. With the help of the researcher, the subject wore
an HMD and practiced holding the controller in his or her hands and operating it. After
becoming familiar with the HMD and controllers, the subject began training starting with
education about terminology. If the subject was unable to proceed further while performing
the training, intervention was requested in accordance with a previously agreed upon
signal method, i.e., the subject raising a hand or speaking. When a request for intervention
was made, the researcher recorded the point to identify it as a ‘ground truth’ for judging the
timing of the intervention and then provided help in an audio format. Even though voice
intervention was provided, if the training was not continuously performed, the subject
was asked to watch the helper video after which the training was resumed. After the
experiment had concluded, the subject was given sufficient time to rest and left after a brief
interview which had been prepared in advance.

3.6. Research Hypotheses

The goal of this study was to identify the point of intervention required when people
with intellectual disabilities undergo barista training using VR-based contents. To achieve
this goal, we established the following hypotheses and verified them by analyzing subjects’
eye-tracking data. Here we use the term ‘barista objects’ to indicate objects used for barista
work (e.g., espresso machine) and ‘environmental objects’ to mean objects not used for
barista work (e.g., table). Figure 5 shows the relationship among objects appearing in
VR-based barista training contents. Objects are the virtual space which can be classified as
either barista objects or environmental objects. Barista objects can be classified into objects
associated with a given task or not associated with a given task, depending on whether the
objects are essential to perform the task or not.

Objects
a : N\

Barista objects

Associated Not associated | Environmental
with the with the given objects
given task task

- /

Figure 5. Relationship among objects appearing in VR-based barista training contents.

Hypothesis 1. People with intellectual disabilities who complete a given step independently will
have greater numbers of eye fixations on barista objects. On the other hand, those who request
intervention will have greater numbers of eye fixations on environmental objects.

Hypothesis 1 is motivated by the presumption that subjects who completed a step
without asking for any assistance may focus their attention on barista objects such as
espresso machines, grinders, and portafilters. Subjects in need of intervention, however,
may be frustrated at the moment they are unable to proceed any further perhaps be-
cause they do not know what to do. This may cause their attention to be distracted to
environmental objects such as windows, tables, and chairs.
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Hypothesis 2. People with intellectual disabilities who complete a given step independently will
have greater numbers of eye fixations on barista objects associated with a given task (e.g., grinder
in step 2). On the other hand, those who request intervention will have greater numbers of eye
fixations on other objects, i.e., barista objects not associated with the given task and environmen-
tal objects.

Hypothesis 2 is motivated by the presumption that subjects who completed a step
without asking for any intervention may focus their attention on barista objects, but only
those necessary to complete the given task in the step. For example, subjects who have
passed the first step during terminology education may focus mostly on the espresso
machine. Subjects in need of intervention, however, may be distracted by other barista
objects such as grinders or portafilters, which are not related to the first step, along with
environmental objects.

Hypothesis 3. People with intellectual disabilities who complete a task will have fewer numbers of
eye transitions than those who request intervention.

Hypothesis 3 is motivated by the presumption that subjects who completed a step
without asking for any intervention may focus on a fewer number of specific objects,
while those who request intervention may scatter their attention to various objects incon-
sistently. Especially, this hypothesis differs from H1 and H2 in that it is possible to prove
whether this hypothesis is correct, without any detailed information what object the eye
fixated on.

4. Analysis Approach
4.1. Data Collection

The data collected in this study were the name of the object the subject’s eyes were
focusing on and the time of that moment during the entire training process. These were
collected on an eye tracker attached to the HMD. Figure 6 shows part of the collected raw
eye tracking data.

00:01:13:265 Grinder
00:01:13:279 Grinder
00:01:13:311 Table
00:01:13:323 Table
00:01:13:339 Table
00:01:13:367 Table
00:01:13:375 Table
00:01:13:412 Table
00:01:13:419 Table

Figure 6. Example of the collected raw eye tracking data.

In addition to the text form of the eye tracking data, video data was also collected. The
entire experimental process was recorded to observe the subject’s movements. Figure 7
shows the virtual space (top left), the subject’s behavior (bottom left), and eye-tracking
information (yellow arrow). These three types of videos were integrated to be played simul-
taneously so that they could be observed altogether throughout the entire training process.
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Figure 7. A screenshot of the video data displaying the virtual space, subject’s behavior, and eye-
tracking data simultaneously.

4.2. Data Processing

Collected eye-tracking data were processed for analysis as follows. First, the single
data file generated during the 13 steps of terminology education for each subject was
separated into 13 files. Similarly, the single data file collected during barista education
of each subject was divided into 21 steps, thereby creating 21 separate files. Thus, the
total amount of data to be analyzed was: 273 (=21 subjects x 13 steps) for terminology
education; 441 (=21 subjects x 21 steps) for barista education.

Analysis of the data at each step determined whether the subject passed the step
without intervention, or requested intervention. Each step is labeled as ‘Pass’ for the former
and ‘Fail’ for the latter. Finally, each subject’s data are composed of multiple steps classified
either Pass or Fail, as shown in Figure 8.

P Step 1 F Step 1
F Step 2 P Step 2
P Step 10 P Step 10
F Step 11 p Step 11
P F

User 1 User 21

I:I The step is passed without intervention (P)
I:l The step is failed by involving intervention (F)

Figure 8. Step labeled with pass (P) and fail (F).
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For this analysis, in the case of a step classified as Pass, all data from the beginning
to the end of the step were included in the analysis. In the case of a step classified as Fail,
however, only the data from the start of the step to just before the request for intervention
were included in the analysis, as shown in Figure 9. This is because during the time between
when the intervention is requested and then granted, the subject is not acting using his or
her own free will, so the data are contaminated and cannot be used to determine the timing
of the intervention.

Pass Step: } >
Start End
[ J
Analysis
Fail Step: I T >
Start Intervention End
| )
|
Analysis

Figure 9. Data included in the analysis from each of the two groups.

4.3. Data Analysis (H1)

To analyze H1, we used the following analysis methods. We reasoned that steps
belonging to the Pass group have a greater number of fixations on barista objects; steps
belonging to the Fail group have a greater number of fixations on other objects, i.e., envi-
ronmental objects.

1.  We measured the number of fixations on barista objects and environmental ob-
jects, respectively.

2. For each step belonging to the Pass group, we evaluated whether the number of
fixations on barista objects (BO) is greater or less than the number of fixations on any
remaining objects (RO), i.e., environmental objects, by calculating the fixation ratio
(FR), as in (1).

FR (H1) = # of fixations on BO/# of fixations on RO D)

A value greater than 1 means that the number of fixations on barista objects is greater
than the number of fixations on environmental objects. On the other hand, a value less
than 1 means that the number of fixations on barista objects is less than the number of
fixations on environmental objects.

3. For each step belonging to the Pass group, we determined whether the value of FR is
greater or less than 1. In the same way, for each step belonging to the Fail group, we
determined whether the value of FR is greater or less than 1.

4.  Using two variables, categories of groups (i.e., Pass, Fail) and categories of FR
(i.e., FR > 1, FR < 1), we determined whether any significant relationship exists be-
tween these two variables, using the Pearson Chi-Square test based on the 2 x 2
contingency table. The test was conducted using a web-based Chi-Square calcula-
tor [30].

4.4. Data Analysis (H2)

To analyze H2, we used the following analysis methods, similar to H1. We reasoned
that steps belonging to the Pass group have a greater number of fixations on barista objects
but are limited to only objects required to complete the task (e.g., grinder in step 2); steps
belonging to the Fail group have a greater number of fixations on other objects, i.e., barista
objects not required to complete the task as well as environmental objects.
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1.  We measured the number of fixations on barista objects but counted only those objects
required to complete the task. In addition, we also counted the number of fixations
on barista objects not required to complete the task as well as environmental objects.

2. For each step belonging to the Pass group, we evaluated whether the number of
fixations on barista objects required to complete the task (BOR) is greater or less than
the number of fixations on the remaining objects (RO), by calculating FR, as (2).

FR (H2) = # of fixations on BOR/# of fixations on RO )

In H2, the remaining objects include barista objects not required to complete the step
as well as environmental objects.

3. For each step belonging to the Pass group, we determined whether the value of FR is
greater or less than 1. In the same way, for each step belonging to the Fail group, we
determined whether the value of FR is greater or less than 1.

4. Using two variables, categories of groups (i.e., Pass, Fail) and categories of FR
(i.e., FR > 1, FR < 1), we determined whether any significant relationship exists be-
tween these two variables, using the Pearson Chi-Square test based on the 2 x 2
contingency table. The test was conducted using a web-based Chi-Square calcula-
tor [30].

4.5. Data Analysis (H3)

To analyze H3, we used the following analysis methods. For this hypothesis, we
reasoned that steps belonging to the Pass group have more consistent eye fixations than
steps belonging to the Fail group.

1.  We measured the number of transitions. This is to determine how frequently the
subjects shifted their fixations between objects.

2. To address individual differences for eye fixation patterns of each subject, we normal-
ized the number of transitions.

3.  Using an unpaired t-test, we determined whether any significant relationship exists
between the Pass group and Fail group with regards to the number of eye transi-
tions. The test was conducted using a web-based ¢-test calculator for 2 independent
means [31].

5. Results

Of the 273 steps (21 subjects performing 13 steps) for terminology education, 3 (1%)
did not have sufficient quality to judge what objects the participant was looking at due
to eye tracking failures. Of the 441 steps (21 subjects performing 21 steps) for barista
education, 63 (14%) were excluded because of 3 subjects’ eye tracking failures through all
steps of the training. Thus, we included 270 steps for terminology education and 378 steps
for barista education in our analysis.

Figure 10 shows the proportion of passed and failed subjects at each step of terminol-
ogy education. Step 6 (“Please find the tamper pedestal and touch it with your hands”)
was one that most subjects (95%) passed by themselves without requesting intervention. It
was followed by step 5 (“Please find the tamper and touch it with your hands”) and step 13
(“Please find the wet cloth and touch it with your hands”) with 90% of subjects passing. On
the other hand, Step 1 (espresso machine) was one that the majority of subjects (90%) failed
by requesting intervention. Figure 11 shows the proportion of passed and failed subjects
at each step of barista education. Compared to the terminology education, a considerable
number of subjects passed the steps, but in the case of step 12 (“Remove remaining debris
by pouring water on the group head”), only 33% of the subjects passed.
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Figure 10. Percentage of passed and failed subjects at each step of terminology education.
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Figure 11. Percentage of passed and failed subjects at each step of barista education.
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With regard to H1, we found that there is no significant relationship between the two
variables, categories of groups (i.e., pass, fail) and categories of FR (i.e., FR > 0, FR < 0),
and so rejected the hypothesis (p > 0.05). We hypothesized that subjects who passed steps
would fixate more on barista objects; on the other hand, subjects who failed steps would
fixate more on environmental objects. However, they tended not to shift their eyes to
environmental objects at the moment of failure, but still carefully searched while fixating
their eyes among the barista objects.

With regard to H2, we found that there is no significant relationship between the two
variables, categories of groups (i.e., Pass, Fail) and categories of FR (i.e., FR > 0, FR < 0),
and so rejected the hypothesis (p > 0.05). We hypothesized that subjects who passed steps
would fixate more on barista objects, but this would be limited to only objects required
to complete the task; on the other hand, subjects who failed steps would fixate more on
other objects (i.e., barista objects not required to complete the task and environmental
objects). However, most of the subjects belonging to the Pass group actually tended to
focus frequently on specific barista objects (e.g., grinder), which were not relevant to the
step, but could pass the step by focusing on the objects relevant to the step just for a short
period of time, but not most of the time as we had assumed.

With regard to H3, we found that there is a significant relationship between subjects
eye transitions belonging to the Pass group versus subjects’ eye transitions belonging to
the Fail group and so accepted the hypothesis (p < 0.001). Tables 2 and 3 show the analysis
results of the unpaired ¢-tests for terminology education and barista education, respectively.
As we hypothesized, the subjects belonging to the Pass group tended to stare at specific
objects for a certain period of time, while the subjects belonging to the Fail group tended to
switch their gaze randomly between several objects.

’
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Table 2. Results of unpaired t-test for hypothesis 3 for terminology education.
Terminology Education m! SD 2 t 4
Pass 0.18 0.23
Fail 0.48 0.35 —851 p <0001
1 M stands for mean. 2 SD stands for standard deviation.
Table 3. Results of unpaired t-test for hypothesis 3 for barista education.
Barista Education m! SD 2 t 4
Pass 0.19 0.24
Fail 0.41 0.32 —664 p<0.001

1 M stands for mean. 2 SD stands for standard deviation.

6. Discussion

Our analyses revealed important findings for how to automatically identify the mo-
ment needing intervention while performing VR-based barista training. With regard to the
test results of H1 and H2, the information about the types of fixated objects (e.g., barista
objects, environmental objects) may not be useful in identifying the difference between
people with intellectual disabilities who complete a given step independently and those
who request intervention.

The reasons for rejecting H1 included the following. At the moment when it was
difficult to perform the task, people with intellectual disabilities tended not to avoid such
situations by shifting their eye fixations on objects not related to the work (e.g., windows,
tables) but instead focused their attention more on the given task. Some people with
intellectual disabilities did not move their hands at such moments, but their gaze was still
inclined to switch back and forth between various barista objects.

For example, Figure 12 displays the number of fixations on each object while one
subject conducted step 1 (“Please find the espresso machine and touch it with your hands”)
of terminology education. This subject failed the step but the subject’s fixation remained
mostly on “grinder” which is one of the barista objects, but not on the environmental
objects as we had assumed. Another example is shown in Figure 13, describing the number
of fixations on each object while one subject conducted step 20 (“Wipe the portafilter with
a dry linen cloth”) of barista education. The subject failed step 20 but looked at the knock
box slightly more than the environment.

Environment
MilkPicher

Grinder

Knock box

Shot glassses
Tamper
Tamper pedestal

Wet cloth

Dry cloth

Group head
Steam nozzle
Steam valve
Portafilter
Espresso machine

0 20 40 60 80 100 120 140

Number of Fixations

Figure 12. Example of the number of fixations on each object: Terminology education, step 1, fail.
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Environment | —
Wash box
Locators on espresso machine
Buttons on espresso machine
Steam
MilkPicher
Grinder
Qe _____________________________]
Shot glassses
Tamper
Tamper pedestal
Wet cloth
Dry cloth
Group head
Portafilter —m———
Espresso machine mm

0 10 20 30 40 50 60 70 80

Number of Fixations

Figure 13. Example of the number of fixations on each object: Barista education, step 20, fail.

The reasons for rejecting H2 included the following. People with intellectual disabili-
ties who independently completed a given task tended not to pay considerable attention to
only those barista objects directly related to work from the outset. Rather, at the beginning
of training there was a tendency to spend a lot of time on large and conspicuous objects,
such as the grinder, and later turn their attention to other objects.

For example, Figure 14 describes the number of fixations on each object while one
subject conducted step 6 (“Please find the tamper pedestal and touch it with your hands”)
of terminology education. This subject tended to focus mostly on environmental objects
and other barista objects such as the milk picture and dry cloth but could pass the step by
briefly focusing on the tamper pedestal.

[l Grinder [l Milk pitcher [l Tamper pedestal Dry cloth Environment

Figure 14. Example of visualization based on eye fixations: Terminology education, step 6 (“Find the
tamper pedestal and touch it with your hands), pass.

Another example displayed in Figure 15 shows the number of fixations on each object
while one subject conducted step 10 (“Remove the coffee powder on the surface of the
portafilter by hand”). This task can be completed by removing the coffee powder on the
surface of the portafilter by hand, but the subject constantly pressed the coffee powder
with the tamper for a long time, as shown in Figure 16.

- Tamper Tamper stand - Portafilter

Figure 15. Example of visualization based on eye fixations: Barista education, step 10 (“Remove the
coffee powder on the surface of the portafilter by hand”), pass.
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Figure 16. A screenshot of the moment when the subject focused on the tamper shown in Figure 15.

However, it was possible to complete the step in a short time when the subject
separated the tamper from the portafilter and touched the portafilter with his hand. Note
that the ‘tamper stand’ in Figure 15 is the object on which to place the portafilter when
compressing the coffee powder to make it hard by using the tamper, while the ‘tamper
pedestal’ means the object on which to place the tamper which is located on the left side of
the tamper stand in Figure 16.

The reasons for accepting H3 included the following. People with intellectual disabil-
ities who independently completed a given task may have more consistent eye fixation
patterns than those who request intervention. One implication of this finding may be
that when people with intellectual disabilities encounter difficulties during training and
are unable to proceed any further, their eyes rapidly fixate on a large number of random
objects highly likely to be related to the given task rather than fixate on a small number
of particular objects. Note that in the case of a step classified as Fail, we included in the
analysis only the data from the start of the step to just before the request for intervention
because during the time between when the intervention is requested and then granted, the
subjects were not acting according to their own free will, so the data were contaminated.
On the other hand, in the case of a step classified as Pass, we included all the data from the
start to the end of accomplishing the given task. Nevertheless, the eye transition ratio of
the Fail group was overwhelmingly higher than that of the Pass group.

There are several limitations to this study. First, we conducted the experiment by
classifying people with intellectual disabilities into one group. All subjects for this study
were people with mild intellectual disabilities. Since all of them have similar degrees of
intellectual disabilities, we did not divide them into separate groups for the experiment.
However, the results obtained from this study may differ depending on the range of intel-
lectual disabilities. Second, we used eye tracking data, although they are not completely
accurate, as a measurement for visual attention. Eye tracking data, however, have been
commonly used for this purpose in other studies and provide us with valuable insight
into understanding the visual attention patterns of people with intellectual disabilities.
Third, the subjects in our study were selected from a single training center for people
with intellectual disabilities. We do not know whether the observed subjects’ behavior can
be generalized to other people with intellectual disabilities in other settings. Finally, the
experimental setting may not accurately reflect the actual setting where there is less time
pressure. We would expect more subjects to independently complete a task in a real world
setting than in an experimental setting with its increased pressure of time.

7. Conclusions

Focusing on the occupation of barista, we explored a method using eye tracking
information to detect the moment when people with intellectual disabilities needed inter-
vention while performing VR-based training. We conducted an experiment to measure eye
scanning patterns to identify any difference between people with intellectual disabilities
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who complete a given step independently and those who request intervention. We found
that information about the types of fixated objects was not useful in identifying a difference,
but information about eye transition was helpful to identify any difference. These findings
suggest a need for further study of visual scanning patterns. For example, similar to eye
transitions, eye saccades are the quick movement of the eye from one point of fixation to
another point of fixation. The difference is that transition occurs between two different
types of objects (e.g., grinder — espresso machine), whereas saccade occurs between two
objects regardless of types (e.g., one point of the grinder — another point of the grinder).
Measuring the frequency of eye saccades may help provide further information whether
the eye fixations of people with intellectual disabilities transit not only between different
types of objects but also between different points within the same object. In addition, it
would be informative to compare the results of this study with those obtained of people
with normal intellectual functioning. Applying the analysis methods used in this paper
to other types of occupations could determine whether the findings of this paper can
be generalized.
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