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Abstract

Perspective transformations that are considered the first step of visual level 2
perspective-taking (VPT2) are not highly active in children with autism spec-
trum disorder (ASD). We investigated training procedures to develop moving
to another viewpoint and observing the view from the new viewpoint to es-
tablish VPT2. The Face Rotation Task was used as the VPT2 task in three ex-
periments. Experiments 1 and 2 examined the time-lag from the removal of
sample stimuli to the presentation of comparison stimuli. The results of the
two experiments indicated that VPT2 was established when participants move
from the self-viewpoint to the other’s viewpoint while continuing to look at
the stimuli, and when participants move from the other’s viewpoint to the
self-viewpoint while maintaining a representation from the other’s viewpoint.
Eye movements during the presentation of sample stimuli were analyzed in
Experiment 3. The results indicated the possibility of mutually looking at
elements of a spatial array while performing the perspective transformation.
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1. Introduction

Children with autism spectrum disorder (ASD) tend to imitate another person’s
behaviors based on the visual appearance from their perspective; for instance, a

child will wave his/her hand with his/her palm facing him/her when a mother
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waves her hand (e.g., Avikainen, Wohlschldger, Liuhanen, Hénninen, & Hari,
2003; Hobson & Hobson, 2008; Meyer & Hobson, 2004; Ohta, 1987; Smith,
1998). It has been clarified suggested that the factor is that perspective transfor-
mation, which refers to imaging that where you are in a different location or
have a different orientation (Yu & Zacks, 2010), does not fully activate (Conson
et al., 2016; Conson et al., 2013) in children with ASD. For example, Asaoka et
al. (2019) conducted a task in which children with ASD listened to navigational
information and operated a miniature car on a map. The children were instructed
to “Turn left, or right,” or “Look from the driver’s viewpoint and turn left, or
right” at an intersection. The results showed that children with ASD tended to
demonstrate significantly better performance when the viewpoint was explicitly
instructed. These findings confirm the inactivation of perspective transforma-
tion in children with ASD.

The information used in VPT includes the position of the viewer and the tar-
get and the position of objects in the environment in relation to the self and
others (Kessler & Thomson, 2010). Perspective transformations are positioned as
the first step in the visual level 2 perspective-taking process (VPT2) (Yu & Zacks,
2010), which is the ability to infer how others are looking at an object from a
different perspective (Flavell, Everett, Croft, & Flavell, 1981). By transforming
ourselves to a different point in space, it becomes possible to judge what is on
another person’s left or right, or to make predictions about how things may ap-
pear from a different perspective (Pearson, Marsh, Hamilton, & Ropar, 2014).
For example, in order for a child to wave his/her hand with the back of hand
facing her/him, perspective transformation allows the child to transform his/her
perspective to the mother’ perspective. VPT2 is a series of cognitive processes
with perspective transformations to imagine the back of the mother’s hand. In-
cidentally, visual level 1 perspective-taking (VPT1), which develops prior to
VPT2, requires only visual information such as the gaze of others to judge whether
another person can see an object or not (Flavell et al., 1981), and perspective
transformations are not required (Kessler & Rutherford, 2010). Thus, VPTI is
the cognitive process that subserves verbal localizations using “in front” and
“behind,” while VPT2 subserves “left” and “right” from a perspective (Kessler &
Rutherford, 2010). For instance, Watanabe (2000) conducted the Face Rotation
Task in typically developing children, ages 2-years-6-month to 4-years-5-month-
old. In task one, the left or right eye, was shown in a face, rotated 90°, 180°, or
270° from the upright position, was highlighted and a buzzer sound was simul-
taneously presented. The participants were asked to memorize the combination
of the highlighted eye and sound. When the face stimulus was set back to the
normal upright position, the buzzer sound was presented, and the participants
were asked to look or point at the position of the expected highlighted eye.

Previous studies have reported that children with ASD show no difficulty with
VPT1, but VPT2 proves especially difficult in perspective transformations (e.g.,
Baron-Cohen, 1989; Hamilton, Brindley, & Frith, 2009; Hobson, 1984; Leekam,
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Baron-Cohen, Perrett, Milders, & Brown, 1997; Leslie & Frith, 1988; Reed & Pe-
terson, 1990; Yirmiya, Sigman, & Zacks, 1994). However, the training conditions
for establishing VPT2 have not been sufficiently clear (see Pearson, Ropar, &
Hamilton, 2013; for a review). What are the conditions to promote the estab-
lishment of VPT2 in children with ASD? In this study, we focused on the cogni-
tive process of VPT2 and hypothesized that the impairment of perspective trans-
formations (Conson et al., 2016; Conson et al., 2013) is due to the difficulty in
coding a relation between some elements in the spatial array (e.g., a ball is on his
right side) (Huttenlocher & Presson, 1979).

Regarding cognitive processes in VPT?2, it has been demonstrated that physi-
cally turning a body to another viewpoint (Kessler & Thomson, 2010; Kessler &
Rutherford, 2010) or moving there (Asaoka, Kumagai, Okamura, & Watanabe,
2016) encourages perspective transformations, that is, mentally performing them.
Since the mental distance between the self and another viewpoint is short or zero
(i.e., the self and another viewpoint coincide), it is easy to mentally simulate the
body movement and code the spatial array from another viewpoint (angular
disparity effect) (Kessler & Thomson, 2010). However, in the case of physical
operation, that is, when moving to another viewpoint, observing a view from
there, returning to the self-viewpoint, and recalling the view, a longer time-lag
(hereafter, TL) occurs between the observation and the recollection of the view
compared with the mental operation. The TL was not sufficiently considered as a
factor influencing the establishment of VPT2 in previous studies in children
with ASD (Okuyama & Isawa, 2010). In the meantime, it is necessary to retain
spatial memory across viewpoint movements, and the time that can be retained
depends on age (Montefinese, Sulpizio, Galati, & Committeri, 2015). Paradoxi-
cally, visual representation from another viewpoint is retained by setting the TL
according to the cases. Therefore, we expect that the reduction of retention af-
fects the understanding that it becomes easier to infer the spatial array by physi-
cally moving the viewpoint. In this study, the establishment of VPT2 was defined
as the stable occurrence of responses based on the array from another viewpoint,
regardless of the physical or mental means of viewpoint movement.

Then, how is the coding of spatial arrays performed when the task setting is
introduced that facilitates the activation of perspective transformations? When
coding, as shown in “the milk is to the right of the cereal box,” the cereal box is
an external landmark required to grasp the spatial position of the milk (Hutten-
locher & Presson, 1979). At this time, the spatial array is recoded depending on
where the viewpoint is placed. If it assumes that “the milk is to the right of the
cereal box from the self-viewpoint,” the array is recoded that “the milk is the Jeft
of the cereal box from the face-to-face perspective.” Furthermore, visual ap-
pearance continuously changes in the process of moving the viewpoint; for ex-
ample, “First, I look at the milk to the right of the cereal box. Then, I look to the
side of the milk or the cereal box. Finally, I look at the milk to the /eff of the ce-

real box.” Looking at objects from various viewpoints in this way promotes
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learning of physical properties between space and objects (Ayres, 1979) and the
acquisition of vocabulary (Slone, Smith, & Yu, 2019).

To summarize, we predict that the setting of TL according to the cases and the
formation of gaze behaviors to objects during viewpoint movement impacts the
establishment of VPT2. In this study, we conducted the Face Rotation Task (Wa-
tanabe, 2000) to examine how the conditions under which selective responses
from another viewpoint were promoted. The present study consisted of three
experiments. In Experiment 1, we investigated the factors of TL that occur
from the removal of the sample stimuli to the presentation of the comparison
stimuli. Based on the results, in Experiment 2, the effects of the setting of ap-
propriate TL and formation of gaze behaviors to the sample stimuli were ex-
amined. In Experiment 3, eye movements at the presentation of the sample
stimuli were analyzed to verify the effectiveness of the conditions suggested by

Experiment 1 and 2.

2. Experiment 1

We examined whether reducing the TL from an observation of another view-
point to the presentation of the comparison stimuli would promote the estab-
lishment of VPT2.

2.1. Method

2.1.1. Participants
Three Japanese children with ASD (two boys and one girl) participated. The
participants were recruited from local and the university clinic centers based on
the following three criteria: 1) the child’s chronological age (CA) was 3 years and
6 months or more based on the result of Watanabe (2000); 2) an intelligence qu-
otient (IQ) of 70 and over as assessed using the Tanaka Binet Intelligence Scale-
Fifth Edition (Tanaka Binet-V; Tanaka Institute for Educational Research, 2003),
and 3) the child was diagnosed with ASD by at least one doctor using the stan-
dard and diagnostic criteria of the DSM-5 (American Psychiatric Association,
2013) and had a score of 29 in early childhood or =13 in childhood on the Par-
ent-interview ASD Rating Scale-Text Revision (PARS-TR; PARS Committee,
2013). The sub and total scores of PARS has correlations with the domain and
total scores of the Autism Diagnostic Interview-Revised (ADI-R; Lord, Rutter, &
Le Couteur, 1994), indicating the convergent validity of PARS (Ito et al., 2012).
The PARS-TR peak symptoms scale comprises 34 items in early childhood and
33 items in childhood that describe the characteristic behavioral symptoms of
ASD (e.g., “Has the child ever had difficulty making eye contact?”), with a scale
of 0 to 2 for each item.

Yuki was a 4-year-2-month-old girl diagnosed with ASD who was enrolled in
a regular kindergarten. On the Tanaka Binet, Yuki’s IQ was 96, her mental age
(MA) was 3:8, tested at CA 3:10. Her PARS-TR peak symptoms scaled score was
28 points. Ken was a 6-year-0-month old boy diagnosed with ASD and ADHD
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who was also enrolled in a regular kindergarten. On the Tanaka Binet, Ken’s IQ
was 97, his MA was 5:6, tested at CA 5:8. His PARS-TR peak symptoms scaled
score was 18 points. Taro was a 6-year-1-month old boy diagnosed with ASD
who was enrolled in special needs classes in an elementary school. On the Tana-
ka Binet, Taro’s IQ was 81 his MA was 4:2, tested at CA 5:2. His PARS-TR peak
symptoms scaled score was 13 points. The parents of each participant provided
informed consent form for this study, which was approved by the research ethics
committee of the Faculty of Human Sciences, University of Tsukuba (No. 28-223).

All participants were compensated for their time.

2.1.2. Setting and Materials

All conditions (baseline; BL, pre-training, large/middle/small TL, probe, and
maintenance) were conducted in the therapy room of the university clinical
center. Except for the large TL condition, an experimental stimulus was used
with the participant and the experimenter who sat on the carpet facing each
other. In the large TL condition, the experimental stimulus was placed on a desk,
and they were seated facing each other. At this time, the experimenter sat in a
slightly separated position so as not to disturb the movement of the participant.
Two video cameras with wide-angle lenses were set in the room and participants
were shot during the experiment.

The experimental stimuli were a symmetrical facial model or image (Figure
1). The facial model was used in the BL, pre-training, large/small TL, and main-
tenance phases. The facial image was used in the small TL and probe. The facial
figures were used as stimuli because of their clear vertical direction and familiar-
ity to children of the target age (Watanabe, 2000). The facial model was a wooden
disk with a diameter of 40 cm and a thickness of 2.6 cm, and two holes with a
diameter of 5 cm were drilled at a target position 10 cm apart from the center.
Two 3.3 cm diameter lights that can be turned on and off by switch were em-
bedded in them. The light-emitting part was pale white and shone with glitter.
The nose, mouth, and hair were made by cutting out felt and pasting it on the
disk. In addition, the facial image was approximately 1/2 of this model, projected
on the screen of a 21.5-inch personal computer (Sony SVT2121A1]) set facing
upward on the floor. The computer and a small remote controller (Kokuyo ELA-
FP1) were connected wirelessly, and the image could be changed by operating

the switch at the hands of the experimenter.

2.1.3. Experimental Design
The experimental design was a multiple baseline across participants design
(Ledford & Gast, 2018).

2.1.4. Procedure

Baseline. The angle of the part corresponding to the jaw of the facial stimulus
closest to the participant is expressed as 0°, and the positions rotated counter-
clockwise by 90° are expressed as 90°, 180°, and 270° (Figure 1). Initially, the

experimenter turned on either the light of right or left eye of the facial stimuli
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180°

0°

Figure 1. Face rotation task stimulus.

(hereafter referred to as the sample stimuli) and presented it randomly. After the
participant observed the sample stimuli, the experimenter removed it, turned the
light off, and presented the facial stimuli in a state where it turned to 0° (hereaf-
ter, the comparison stimuli). At this time, the participant’s eyes were closed to
prevent his/her from seeing the rotation of the stimulus. Immediately, the expe-
rimenter asked, “Which eye was shining?” and the participant pointed or touched
either eye. This question was omitted when the participant understood the task.
The experimenter proceeded to the next trial with or without a correct response.
The presentation angle of the sample stimuli (hereafter, rotation angle) and the
lighting direction of the eye were counterbalanced between trials. A total of 16
trials in each block were conducted. Each block consisted of 4 trials randomly
arranged by rotation angles of 0°, 90°, 180° and 270°. Each rotation angle in-
cluded 2 trials by the shining of left/right eye.

Pre-training. It was conducted for Ken because his average number of correct
responses at a rotation angle of 0° was below the chance level in the whole BL.
The experimenter presented the sample stimuli at a rotation angle of 0° in all tri-
als. After Ken looked at the sample stimuli, the experimenter presented the
comparison stimuli, and Ken made a choice. When a correct response occurred,
the experimenter provided verbal praise, clapping hands, or used physical inte-
raction, such as shaking his/her hands. When an error response occurred, the
experimenter pointed to the correct eye and said, “The eye was shining.” Each
block consisted of 4 trials with a rotation angle of 0° and 2 trials by the shining
of left/right eye.

Time-lag conditions. The experimenter presented the sample stimuli at a rota-
tion angle of 90° or 270°. When the error response occurred, the experimenter
presented it again in the same angle. Then, the participant moved from the
original position to a position where the facial stimuli appeared to be upright
(hereafter, another viewpoint) and observed it from there (Figure 2). The expe-
rimenter checked whether the participant was looking at it when the participant
was at another viewpoint, and if the participant’s face was not directed at it, the
experimenter provided a verbal (e.g., “Look at the face of the model”) and/or
physical prompt. However, no prompt was presented while moving. Then, the
participant returned to the original position, and the experimenter presented the
comparison stimuli. When the correct response occurred, the experimenter pro-
vided verbal praise, clapped hands, or used physical interaction. When the error
response occurred, the experimenter pointed to the correct eye. Other proce-

dures were the same as those of the BL.
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1) Presentation of the
sample stimuli

. Glitter on the eye
Q 2. Facial stimulus (rotation angle 270°)

2) Removal of the
sample stimuli

3) Presentation of the
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Z

Glitter on the nose

/4
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Figure 2. Corrective procedures in Experiment 1, 2 and mu-
tual gaze condition in Experiment 3.

The TL was defined as the time interval from the time the participant started
moving with the return to the original position until the time the experimenter
presented the comparison stimuli. The following three conditions were set as the
corrective procedures so that the TL gradually decreased. First, in the large TL
condition (hereafter, LTL), the participant moved on foot. Second, in the middle
TL condition (hereafter, MTL), the movement method was changed from the
LTL. The participant turned his/her face and body to another viewpoint while
sitting on the carpet. If the participant’s face and body were not sufficiently di-
rected to the sample stimuli, the experimenter provided a model and/or physical
prompt. Third, in the Small TL condition (hereafter, STL), the method of pre-
senting the stimuli was changed from the MTL phase. The facial images were
presented and removed immediately by using the PC. The experimenter pre-
sented the sample and comparison stimuli on the screen by using presentation
software (Microsoft PowerPoint 2016). A black slide was inserted between the
removal of the sample stimuli and the presentation of the comparison stimuli. In
this condition, the facial stimuli were not rotated and the lights were not turned
on/off so that the participant did not close their eyes. A total of eight trials in
each block were conducted. Each block consisted of 4 trials randomly arranged
by rotation angles of 90° and 270°. Each rotation angle included two trials by the
shining of left/right eye. In principle, the transition criteria for the conditions
were 15 trials (62.5%) or less of 24 trials (12 trials each presenting sample stimuli
at 90° and 270°) in 3 consecutive blocks. The criteria of accomplishment were
the occurrence of correct responses in 22 of 24 trials (91.6%) in 3 consecutive
blocks. Furthermore, the STL without feedback (FB) condition was conducted
only for Yuki. The procedures were the same as those of the STL, except that the
experimenter presented the sample stimuli at four rotation angles and did not
provide performance feedback.

Probe. The procedures of the probe were the same as that of the BL phase.

Maintenance. The maintenance phase was conducted for Ken and Taro. One
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month after completion of the probe, the experimenter confirmed whether the
training effects were maintained in the same procedure as in the BL phase.
Maintenance was not conducted for Yuki because her performance decreased in

the probe.

2.1.5. Dependent Variables and Data Analysis

Dependent variables were classified and defined into the following four catego-
ries, each of which was quantitatively analyzed using video editing software
(Adobe After Effects CC). 1) Number of correct responses. The number of times
the participant chose the shining eye was counted for each rotation angle. 2)
Frequency of viewpoint movement behaviors. A line segment was placed on the
video to bisect the participant’s torso from the head and the video data at the
time of presentation of the sample and comparison stimuli was played back
frame by frame every 0.1 s. In the analysis, the viewpoint movement behavior
was defined as follows. First, using the line segment as a guide, the participant
moved his/her face and body in the direction of another viewpoint when the
sample/comparison stimuli were presented. Second, the participant’s face was
directed at the facial stimuli. Third, the sum of these times is 1 s or more. When
all three conditions were satisfied, it was assumed that the viewpoint movement
behavior has occurred, and the frequency was calculated for each rotation angle.
3) Average gaze time during movement (s): The time to gaze the stimuli was
calculated by subtracting the time moving toward another viewpoint from the
time immediately before moving to return to the original position. The average
gaze time during movement was calculated by dividing the total gaze time of 1
block by the frequency of viewpoint movement behaviors. 4) Average time-lag in
each TL condition (s): The TL was calculated by subtracting the time to the re-
turn of the original position from the time when the comparison stimuli were
presented for each trial when the corrective procedures were introduced. These
sums were calculated by dividing by the number of error responses across each
TL condition.

2.2. Results

Yuki. The number of correct responses in the BL phase was highest when the
sample stimuli were presented at 0° (hereafter simply referred to as 0°), followed
by 270°, 90°, and 180° (Figure 3). The viewpoint movement behavior did not
occur. The average TL in the LTL and MTL were 7.1 s (ranging from 6.0 - 8.7 s)
and 3.0 s (2.7 - 3.9 s), respectively. There were no positive changes in the num-
ber of correct responses, frequency of viewpoint movement behaviors, and av-
erage gaze time during movement at 90° and 270° in these conditions. A beha-
vioral feature of note was that she often looked at people and things around her
while moving to another viewpoint. Furthermore, at the time of the retrial in the
MTL phase, she often leaned her body left/right while looking at the experimen-
ter, and then pulled her chin to see the stimuli while holding the posture. The
average TL in the STL was 1.0 s (0.9 - 1.0 s), with an increase in the number of
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Figure 3. Results of the Face Rotation Task in Experiment 1. Note: BL; Baseline, Pre-TR;
Pre-training, LTL; Long time-lag, MTL; Middle time-lag, STL; Short time-lag.

correct responses, and frequency of viewpoint movement behaviors at 90° and
270°. Additionally, with an increase in these responses, the average gaze time in-
creased and then tended to decrease. In the STL phase without FB and probe, the
number of correct responses and frequency of viewpoint movement behaviors at
90° and 270° increased compared to the BL. However, the number of correct
responses increased only slightly at 180° under these conditions (1 - 2 times).
She often expressed “I forgot.” when choosing the comparison stimuli at 180°.
Ken. The number of correct responses in the BL phase was high at all posi-
tions, 180°, 90°, 270°, and 0°. The viewpoint movement behavior occurred once
at 270° throughout the condition. In pre-training, he fulfilled the criteria of ac-
complishment in 3 blocks. The average TL in the LTL was 5.5 s. When perform-
ing a retrial, he cried loudly and bit his own hands. Although he fulfilled the
transition criteria, we judged that it would be a great burden for him to continue
the condition, and we stopped after 1 block. The average TL in the MTL was 3.1
s (2.1 - 3.4 s). Similar to the results of Yuki’s STL, the correct responses and
viewpoint movement behaviors at 90° and 270° continued to occur stably, and
average gaze time showed a bell-shaped curve tendency. With regard to the
viewpoint movement behavior, he put his hands on his left/right front and then
stretched out his arms and back while continuing to look at the sample stimuli.
In the probe and maintenance phases, the number of correct responses and

viewpoint movement behaviors occurred in most trials. At this time, the average
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gaze time tended to decrease as well as the MTL.

Taro. The number of correct responses in the BL phase was as high at 0°, 90°,
270°, and 180° in this order. The viewpoint movement occurred once each at
180° and 270° in the whole condition. The average TL in the LTL was 4.5 s (3.9 -
5.9 s). As with Yuki and Ken, there were no positive changes in the dependent
variables under this condition. The average TL in the MTL was 3.0 s (2.0 - 6.1 s),
and the number of correct responses, frequency of viewpoint movement beha-
viors, and average gaze time at 90° and 270° increased, and then the frequency of
viewpoint movement behaviors and average gaze time decreased. He moved the
viewpoint in the same way Ken did. In the probe and maintenance phases, the
number of correct responses increased in comparison with the BL. At this time,
viewpoint movement behaviors occurred stably in Ken, whereas they occurred

less frequently in Taro.

2.3. Discussion

We examined whether changing the TL for retaining visual representations
would promote the establishment of VPT2. The TL conditions including the
number of correct responses, frequency of viewpoint movement behaviors, and
average gaze time impacted the establishment of VPT2. The results support the
suggestion that the TL affects VPT2’s performance (Okuyama & Isawa, 2010).
Yuki’s CA was about 2 years lower than that of Ken and Taro, and the time for
retaining representations can be lower depending on the CA (Montefinese et al.,
2015). This is supported by the positive changes of the dependent variables in
Yuki’s STL compared to LTL and MTL, and her expression such as “I forgot” in
the STL without FB and probe. Since the center of VPT2 is perspective trans-
formations, it is necessary to assess the TL before beginning the intervention and
to introduce the TL conditions for each case.

An increase in the average gaze time supports an indication of the importance
of experiencing changes in visual appearance associated with body movement
(Ayres, 1979; Slone et al., 2019). In Experiment 1, we examined only whether the
participant was looking at the sample stimuli from another viewpoint and did
not prompt while moving to another viewpoint. Why did the gaze time increase
despite this? One possibility is that the movement method of the MTL and STL
is affected. Since the participants are in a fixed sitting position in this method, it
can be said that it is easier to pay attention to the stimuli than to move to anoth-
er viewpoint. This is suggested by Ken and Taro’s viewpoint movement beha-
viors, in which they moved their face and body in the direction of another
viewpoint while looking the stimuli. Moreover, we assume that the presentation
of verbal praise and clamping hands in association with the occurrence of view-
point movement behaviors and correct responses functioned as reinforcing sti-
muli and increased their gaze time. The decline after the increase suggests that
the participants may have learned to code the relation between components (Hut-
tenlocher & Presson, 1979)—that is, the spatial array between the glittering eye

and other parts (hair, nose and/or mouth). The reduction is considered to be a
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step leading towards considering another viewpoint and inferring the appear-
ance from there. Therefore, future studies should examine the effect of moving
to another viewpoint while continuing to look at sample stimuli.

Regarding other factors affecting the establishment of VPT2, we consider that
the performance of the BL affected the probe. In particular, Yuki’s correct re-
sponse at 180° was only 1 trial. In other words, it is inferred that Yuki had strong
spatial egocentrism (Morss, 1987). In addition to memory retention, its strength
may have kept correct responses at 180° in her probe. It also suggests an effect of
intellectual development. Taro showed that the correct responses and viewpoint
movement behaviors did not occur stably in the MTL phase, and the frequency
of viewpoint movement behaviors was low in the probe and maintenance phas-
es. Taro’s IQ is about 15 lower than that of Yuki and Ken, and Taro may not be
able to fully understand the relation that moving the viewpoint makes it easier to
infer the appearance from another viewpoint.

In summary, it appears that there is a mutual relationship between the reten-

tion of the representation and the viewpoint movement/transformation.

3. Experiment 2

We assessed the time it took for participants to hold the visual representation
and introduced TL conditions. At the same time, we examined whether VPT2
could be established with a smaller number of blocks by forming a behavior by

moving to another viewpoint while continuing to look the sample stimuli.

3.1. Method

3.1.1. Participants

Two Japanese children with ASD (one boy and girl) participated in Experiment
2. The recruitment methods and selection conditions for the participants were
the same as in Experiment 1. Fuku was a 5-year-1-month-old boy diagnosed
with ASD who was enrolled in a regular kindergarten. On the Tanaka Binet-V,
Fuku’s IQ was 100, his MA was 4:8, tested at CA 4:8. His PARS-TR peak symp-
toms scaled score was 34 points. Moe was a 6-year-2-month girl diagnosed with
ASD who was also enrolled in a regular kindergarten. On the Tanaka Binet-V,
Moe’s IQ was 104, her MA was 6:0 tested at CA 5:9. Her PARS-TR peak symp-
toms scaled score was 25 points. As with Experiment 1, Experiment 2 was con-

ducted with the approval of the ethics committee and parental consent.

3.1.2. Setting and Materials

In the TL7s condition of the assessment, the PC was placed on the desk and the
participants stood in front of it. In the TL 3.5 s and 1 s conditions, the PC was
placed on the carpet and the participants sat in front of it. In the BL phase,
time-lag and gaze conditions, and probe of Fuku, the PC with the facial image
was placed, and he and the experimenter sat on the carpet facing each other. For
Moe, the facial model was placed on a desk, and she and the experimenter were

seated facing each other. The other settings were the same as in Experiment 1. In
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all conditions except the assessment, the facial image and model were used for
Fuku and Moe, respectively. The facial image and model, PC, and desk were the

same as those used in Experiment 1.

3.1.3. Experimental Design
The experimental design was a multiple baseline across participants design.

3.1.4. Procedures

Assessment for selecting time-lag conditions. Based on the result of the aver-
age TL in each TL condition of Experiment 1, three conditions of the TL 7 s, TL
3.5s,and TL 1 s were set. The TL 7 s was set based on the result that the maxi-
mum of the average TL in the LTL for Yuki, Ken, and Taro was 7.1 s. The TL 1 s
was set based on the result that the average TL in the STL for Yuki was 1 s. In TL
3.5 s, the average TL in the MTL for three participants was about 3 s, but in or-
der to clarify the time difference between the conditions, the time was set to half
the time of the TL 7 s. Initially, all the sample stimuli were displayed on the PC
screen at a rotation angle of 0°. Immediately after that, in the TL 7 s condition,
the participant walked back 2 to 3 meters laterally in either the left or right di-
rection instructed by the experimenter to correspond to the LTL. After 7 s, the
experimenter presented the comparison stimuli and the participant chose. In the
TL 3.5 s and 1 s conditions, the experimenter made the participants turn his/her
body to the left/right direction to correspond to the MTL/STL and presented the
comparison stimuli after 3.5 s or 1 s. A total of 8 trials in each conditon were
conducted. Each conditon consisted of 4 trials by the shining of left/right eye. TL
7's, 3.5 s, and 1 s conditions were conducted in this order, and the assessment
was completed when correct responses occurred in 7 or more trials (88%) in the
1 condition. As a result of the assessment, we selected the STL for Fuku and the
LTL for Moe.

Baseline. The procedures were the same as in Experiment 1.

Time-lag and gaze conditions. Conditions were the same as in Experiment 1
except that the TL conditions corresponding to the results of assessment were
introduced immediately after the BL and the participants moved to another
viewpoint while continuing to look the facial stimuli in the retrial. The condi-
tions introduced to Fuku and Moe were named the LTL + gaze and STL + gaze
conditions, respectively. The following are the differences from Experiment 1.
When the error response occurred, the experimenter instructed Fuku to “Turn
your face and body to here while looking the facial image” and Moe to “Walk to
here while looking the facial model” Then, the experimenter presented a model
who turned the face and body in the direction of another viewpoint, while look-
ing at the facial image of the sitting position for Fuku and a model that walked
while looking at the facial model for Moe. Subsequently, he/she imitated it
(Figure 2). While moving to another viewpoint, the experimenter provided the
verbal and/or physical prompt if his/her face and body were not sufficiently di-
rected to the facial stimuli.

Probe. The procedures of the probe were the same as that of the BL.
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3.1.5. Dependent Variables and Date Analysis
The dependent variables and methods of data analysis were the same as in Expe-

riment 1.

3.2. Results

Fuku. In the assessment, the number of correct responses for TL 7 s, 3.5 s, and
1 s were 4, 6, and 8 times, respectively. In the BL, the number of correct res-
ponses was high at 0°, 90°, 270°, and 180° in this order (Figure 4). The view-
point movement behavior occurred once at 90° throughout the condition. The
average TL in the LSL + gaze was 1.2 s (1.0 - 1.8 s). Similar to the results of three
participants in Experiment 1, the correct responses and viewpoint movement
behaviors at 90° and 270° continued to occur stably, and average gaze time
showed a bell-shaped curve tendency. After the second blocks of this condition,
the viewpoint movement behaviors occurred in all trials. Regarding this beha-
vior, he placed his hand diagonally forward while sitting, turned his face and
body in the direction of another viewpoint, and looking the sample stimuli. He
fulfilled the criteria in 5 blocks. In the probe, the viewpoint movement behaviors
occurred in all trials, and the number of correct responses increased at all angles

compared to the BL.
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Figure 4. Results of the Face Rotation Task in Experiment 2. Note: BL; Base-
line, STL + Gaze; Short time-lag + Gaze, LTL + Gaze; Long time-lag + Gaze.

Moe. In the assessment, the number of correct responses for TL 7 s was 7
times. In the BL phase, the number of correct responses was high at 0°, 270°,
90°, and 180° in this order. The viewpoint movement behaviors occurred in the
range of 0 to 2 times for each block. Most of these behaviors occurred when pre-
senting the comparison stimuli. She rotated her body and face in the direction of
another viewpoint while sitting. The average TL in the LSL + gaze was 6.2 s (6.1 -
6.2 s). In this condition, the occurrence of correct responses and viewpoint
movement behaviors and gaze time showed the same tendency as Fuku. Her
viewpoint movement behaviors were to walk to another viewpoint while contin-
uing to look at the presentation of the sample stimuli. She fulfilled the criteria in
4 blocks. The error response occurred in 1 trial at 180° in the entire probe. The

viewpoint movement behaviors similar to the LTL + gaze occurred in all trials.

3.3. Discussion

In Experiment 2, we introduced the TL conditions and shaped gaze behaviors to
the sample stimuli. As a result, both of them achieved the criteria of accom-
plishment with a smaller number of blocks than Experiment 1. Furthermore, the
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performance of the probe was improved compared to the BL, including that of
180°. With the introduction of STL/LTL + gaze, the number of correct responses
increased, and the viewpoint movement behaviors reached 100% in 2 blocks of
the TL + gaze conditions in all participants. These results suggest the validity of
the setting of TL based on the results of assessment and the effectiveness of gaze
behavior’s formation. From the result of the LTL + gaze in Moe, it is possible
that the occurrence of appropriate selective responses may be promoted, even in
the case of the method of moving by walking, if the participants move while ob-
serving the stimuli and recollect spatial memory. Therefore, the conditions to
promote selective responses based on the appearance from another viewpoint
suggest that: 1) the participants move from the self to another viewpoint while
continuing to look the stimuli and 2) they move from another to self-viewpoint
while retaining the representation from another viewpoint.

The shift from increased to decreased gaze time may be evidence of a transi-
tion from a physically to mentally moving viewpoint. In the increase, the partic-
ipants chronologically observe the appearance that changes from time to time. In
other words, they “decouple” a perspective (Hamilton et al., 2009) and observe
the facial stimuli from a seamless viewpoint. The results of gaze time supported
Ayres (1979) and Slone et al. (2019) findings, as with Experiment 1. Subsequent-
ly, gaze time decreases and converges to 0s, indicating that correct responses
occur only by mentally putting a self-perspective into another perspective (Ta-
kano, 1998). Then, how do participants look at the sample stimuli when observ-
ing them in a time series or when inferring the appearance of another viewpoint
from self-viewpoint? The Face Rotation Task requires them to code the relation
between the eyes and other parts of the facial figure (Watanabe, 2000). From the
results of the increase and decrease in gaze time in Experiments 1 and 2, the in-
crease may indicate that the participants repeatedly looked at the entire face,
specifically the eyes, and the decrease may indicate that the frequency and time
of mutual gaze are decreasing. However, it may indicate that the participants
simply memorize a pattern of correct responses according to the presentation
angle of the sample stimuli in these processes. An analysis of eye movements is
essential to demonstrate that conditions of 1) and 2) promote not only condi-
tional discrimination (Falla & Alds, 2016; Okuyama & Isawa, 2010), but also

perspective transformations.

4. Experiment 3

The results of Experiments 1 and 2 suggest that the participants may look at the
entire facial figure when performing the Face Rotation Task. Thus, we analyzed
the eye movements during the presentation of the sample stimuli and verified

the effectiveness of the two conditions in each experiment.

4.1. Method

4.1.1. Participants
Table 1 shows the profiles of the participants. Five participants in Experiments 1
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and 2 participated as a follow-up (FU) group. In the ASD group, children with
ASD who met the following criteria were newly recruited: 1) the CA is 8 years
old. The reason for this was that the children after the age of 8 years are able to
perform VPT2 skills spontaneously (Asaoka et al., 2019) and their fluency in-
creased (Elekes, Varga, & Kiraly, 2017), suggesting that the introduction of con-
ditions was expected to be effective; 2) intellectual development is more ad-
vanced. All children were assessed for intellectual development with the Picture
Vocabulary Test-Revised (PVT-R) (Ueno, Nadeo, & linaga, 2008), which is the
official standardized scale in Japan. For inclusion, the participants had a scaled
PVT-R score of 6 points or above (i.e., above average verbal intelligence); 3) the
children had been diagnosed with ASD by at least one doctor; 4) the children
could engage in the task wearing wearable eye tracking glasses. Participants Sora,
Ryo and Hina met these criteria. The criteria for the typically developing (TD)
group were as follows: 1) the CA was 3 years and 6 months or more, and the
PVT-R score was 6 points or above; 2) the PARS-TR peak symptoms scaled
scores are below the cutoff value; 3) and the conditions for the eye tracker were
similar to those of the ASD group. According to these criteria, Jun, Gaku and
Anna participated. As with Experiments 1 and 2, Experiment 3 was conducted

with the approval of the ethics committee and parental consent.

Table 1. The profiles of the participants in Experiments 3.

PVT-R PARS-TR
Group  Participant ~ Gender = CA
VA SS Early childhood Childhood

Yuki F 5510 47 10 28 —

Ken M 80 7;5 12 18 24

FU Taro M 76 651 7 13 20
Fuku M 6;0 5; 6 10 34 —

Moe F 732 6;5 9 25 31
Ave. 611 60 9.6 23.6 25.0
Sora M 81 89 12 35 19

ASD Ryo M 81 10,2 16 29 20
Hina F 83 83 11 11 26
Ave. 82 91 13 25.0 21.7
Jun M 55 59 10 6 —

TD Gaku M 6,10 81 14 4 —

Anna F 67 65 10 0 0

Ave. 63 69 11.33 3.3 0.0

Note: CA, chronological age; VA, vocabulary age; SS, scaled score; FU, follow-up; ASD, autism spectrum
disorder; TD, typically developing; male, M; female, F; Age values are in years; months. The PARS-TR was
conducted after the end of the study in Sora. A shortened version of PARS-TR was implemented in Anna.
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4.1.2. Setting and Materials

In all conditions, the participants stood in front of a square monitor (Eizo
EV2730Q) placed on a table with the screen facing the ceiling. The facial stimu-
lus (Figure 1) displayed on the monitor was 40 cm in diameter and the eyes
were 5 cm in diameter, which were 10 cm away from the center. Under the table,
a PC for the stimulus presentation (NEC PC-LZ650TSS) and a mobile battery
(Anker AK-A1701511) for supplying power to the monitor, were present. There
was enough space around the monitor for the participants to move. The experi-
menter stood in front of the PC (Dell Precision M6600) to monitor eye move-
ments. The PC for monitoring was placed so that the screens could not be seen
by the participants. It was connected to the wearable eye tracking glasses (Tobii
technology Tobii Pro Glasses 2; hereafter, the eye tracker) via Wi-Fi. The moni-
toring PC displayed the camera image of the eye tracker and the gazing point.
The video and its position were the same as those in Experiments 1 and 2. The
reasons why the participants stood and walked were that the distance of move-
ment was longer than that of sitting and turning his/her face and body, the
change of the appearance was clear, and it was suitable for measuring eye move-

ments.

4.1.3. Procedures

Test. The participants wore the eye tracker and carried a backpack containing
recording units. In all groups, 16 trials per block were conducted as with the BL
phase of Experiments 1 and 2. The procedures such as the composition of the
block were the same as those of BL.

Mutual gaze condition. This condition was conducted only in the ASD group.
The experimenter presented the sample stimuli at 0°, 90°, 180°, or 270°. One of
the eyes and the nose were glittering alternately for 0.75 s. Then, the experimen-
ter instructed participants to “Walk while looking at the glittering eye and nose.”
and the participants walked to another viewpoint. The nose was chosen because
it was at the center of the facial stimulus and the spatial relation with the eyes
was most obvious. A black slide was inserted so participants did not pay atten-
tion to the monitor when returning to self-viewpoint. Immediately after the par-
ticipants returned, the experimenter presented the comparison stimuli, and the
participants chose which eye was glittering (Figure 2). While moving to another
viewpoint, the experimenter monitored the eye movements and provided feed-
back such as “You looked at the eye and nose well.”

4.1.4. Dependent Variables and Date Analysis

The dependent variables were 1) number of correct responses, 2) frequency of
viewpoint movement behaviors, and 3) percentage of fixation duration in each

part of the sample stimuli (%). The number of correct responses and frequency

of viewpoint movement behaviors were analyzed similarly to Experiments 1 and

2. To measure fixation duration, eye movement analysis software (Tobii tech-

nology Tobii Pro Lab) was used and areas of interest (AOI) were manually de-

fined: hair, glittering eye, non-glittering eye, nose, and mouth areas. The AOI
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total fixation duration(s), not including the saccade, was automatically calcu-
lated for each sample stimuli. The total time each participant had fixed each AOI
was divided by the total time of all AOIs and multiplied by 100. In addition, the
mean values of 1) to 3) for each group were calculated from these data.

4.2. Results

The FU and TD groups had similar numbers of correct responses, and the FU
group had a higher frequency of viewpoint movement behaviors than that of the
TD group (Figure 5). In the test, the line of sight in the FU and TD groups
tended to fixate on the hair, nose, and mouth areas, with the glittering eye area
as the center, regardless of whether the viewpoint movement behavior occurred.
However, the percentage of fixation duration in the glittering eye area was
slightly higher in the FU group than in the TD group at all angles. In the test, the
line of sight in the FU and TD groups tended to fixate on the entire facial figure,
whereas that in the ASD group tended to fixate mainly on the glittering eye area.
In the mutual gaze condition, the line of sight focused mainly on the glittering
eye and nose areas. The results of each group are described below.

First, in the FU group, Fuku’s number of correct responses was 3 times at 180°
and correct responses occurred in all trials at other angles (Figure 6). For other
participants, it was 4 times at all angles. In all participants, viewpoint movement

behaviors occurred in all trials at 90°, 180°, and 270°. The percentage of fixation
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Figure 5. Results of each group in Experiment 3.
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Figure 6. Results of the FU group in Experiment 3.

duration in the glittering eye area at 180° was lower than the other angles and
the percentage in the other areas increased for all participants. Second, regarding
the number of correct responses in the test of the ASD group, correct responses
occurred in all trials at 0° for all three participants, and those of 90°, 180°, and
270° were 3 to 4, 0 to 1, and 2 to 4 times, respectively (Figure 7). The viewpoint
movement behavior was 0 times for Sora, which occurred in most trials with
Ryo, and occurred once for each angle with Hina. The percentage of fixation
duration in the glittering eye area was high for all three participants. In the sub-
sequent mutual gaze condition, the number of correct responses of all partici-

pants tended to increase, and the percentage of fixation duration in the nose area
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mainly increased. Additionally, the fixation duration in the mouth area adjacent
to the nose area slightly increased compared to the test. Third, in the TD group,
Jun’s number of correct responses at 0° was 4 times and 3 times at the other an-
gles (Figure 8). Gaku and Anna’s correct responses were 4 times at all angles.
The viewpoint movement behavior did not occur with Jun and Anna. It oc-
curred 2 to 4 times at each angle with Gaku. Similar to the FU group, the per-
centage of fixation duration in the glittering eye area decreased at 180°, and the
percentage in the nose area in Jun, the mouth area in Gaku, and the hair area in

Anna increased.

4.3. Discussion

In Experiment 3, we analyzed the eye movements when sample stimuli were
presented and verified the effects of the condition that guided the line of sight in
the spatial array between the components. As a result, the line of sight in the
participants of the FU and TD groups tended to fixate on the entire facial figure
in the ASD group with the eye area especially at 180°. In the mutual gaze condi-
tion, the line of sight in participants in the ASD group mainly fixated on the eyes
and nose areas, and the number of correct responses increased. Therefore, the
analysis of eye movements demonstrated the effectiveness of the conditions

suggested by Experiments 1 and 2.
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Figure 7. Results of the ASD group in Experiment 3.
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Figure 8. Results of the TD group in Experiment 3.

The eye trackers have not been used in previous studies of VPT (Pearson et
al,, 2013). In conventional eye tracking, an eye tracker installed near a monitor is
mainly used to analyze where a participant is looking on the monitor. This me-
thod requires that the distance between the participant’s head and the eye track-
er be kept somewhat constant. In VPT2, the sensation and minute movement of
the body is in an unstable position (Watanabe, 2016), and physically turning or
moving the body to another viewpoint (Asaoka et al., 2019; Kessler & Thomson,
2010) affects performance. Thus, VPT2 is very sensitive to body sensation and
position. In Experiment 3, the fixation duration was displayed during the per-
formance of the VPT2 task in children with ASD by using the most recent tech-
nology called real-world eye tracking. In addition, the results that participants of
the FD group moved while mutually gazing at the eyes and other areas suggests
that the training conditions might not only memorize and respond to the pat-
terns (Falla & Alds, 2016; Okuyama & Isawa, 2010) but also promote the coding
of spatial arrays. This is also supported by the results of test and mutual gaze
conditions in the participants of the ASD group. During the test, the fixation
duration in the eye area was relatively long. These results mean that the partici-
pants in the ASD group looked at the facial figure but were less likely to focus on
the positional relations between the eyes, that is, the frequency of mutual gaze
behaviors is low. In the mutual gaze condition, the gaze behaviors toward the
eyes and nose areas was prompted, the coding was promoted, and the number of

correct responses increased. Furthermore, in Jun and Anna of the TD group, the
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viewpoint movements did not occur, but generally correct responses occurred,
and the result of looking at the entire facial figure might show evidence of men-
tally shifted perspectives.

Experiment 3 has some limitations. First, the eye tracker should be used in the
same method as Experiment 2, to follow the changes of eye movements and gaze
time during movement. Second, it is necessary to guarantee the representative-
ness of results by increasing the number of participants and perform a statistical
analysis to show significant differences within and between the groups. Third,
the VPT1/VPT2 assessment (e.g., Hadwin, Howlin, & Baron-Cohen, 2015)
should be conducted to assess the development of the VPT before and after the

introduction of the conditions.

5. General Discussion

In the present study, we implemented the Face Rotation Task (Watanabe, 2000)
and hypothesized that retaining the visual representation from another view-
point and coding the relation between components in a spatial array (Hutten-
locher & Presson, 1979) would facilitate the establishment of VPT2. In Experi-
ment 1, we examined the factors of TL that occur from the removal of the sam-
ple stimuli to the presentation of the comparison stimuli and suggested that set-
ting the TL according to the cases is a prerequisite for the establishment of
VPT2. Additionally, the importance of moving to another viewpoint while con-
tinuing to look at sample stimuli was indicated. These results suggest that mem-
ory retention and perspective transformations are interrelated. Thus, in Experi-
ment 2, we examined the effect of setting of appropriate TL and shaping gaze
behaviors on the sample stimuli. As a result, the participants achieved the crite-
ria of accomplishment with a smaller number of blocks than Experiment 1. Fur-
thermore, in Experiment 3, we analyzed eye movements during the presentation
of the sample stimuli and confirmed the effectiveness of the conditions sug-
gested by two experiments. From the above, we can deduce that 1) the partici-
pants move from the self to another viewpoint while continuing to look at the
stimuli and 2) they move from another to self-viewpoint while retaining the re-
presentation from another viewpoint.

Previous studies have demonstrated that inactivation of perspective transfor-
mations has an impact on the difficulty of guessing the appearance from another
viewpoint in children with ASD (Conson et al., 2016; Conson et al., 2013). This
study partially expanded the findings of previous studies in that it clarified some
conditions that promote the establishment of VPT2. We consider the possibility
that the observation of the appearance from various viewpoints and memory re-
tention are interconnected in children with ASD who have not sufficiently ac-
quired VPT2 skills.

The average gaze time during movement as the number of correct responses
increased in Experiments 1 and 2. Why does moving to another viewpoint while
continuing to look at sample stimuli encourage its acquisition? In other words,

why was the number of correct responses low when the participants looked at
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the facial stimuli in the upright position only from another viewpoint? In ans-
wering this question, we rearranged processes of viewpoint movement. When
the participants move to another viewpoint while looking at the stimuli, they ob-
serve the facial stimuli as a video, which becomes upright as they approach another
viewpoint. On the other hand, if they look at the stimuli only from another view-
point, they observe it in the upright position like a photograph. Especially in the
case of 180°, the absolute spatial position of each part included in the sample and
comparison stimuli is the same as that of the eyes, while hair, nose and mouth
are inverted. For that reason, when presenting the comparison stimuli, the effort
of decoupling “what I see now” (Hamilton et al., 2009) becomes higher than 90°
and 270°. Moreover, the effort of the mental simulation of a body movement in-
creases because the mental distance increases with increasing angles up to 180°
clockwise or counterclockwise (Kessler & Rutherford, 2010). If it is difficult, the
visual representation remains rotated, that is, only its abso/ute spatial position is
retained (Watanabe, 2000). The relative spatial positions of the eyes and other
parts are not held constant, making it difficult to provide correct responses. This
result supports Pearson et al. (2014), who demonstrated that the difficulty of us-
ing the self as a reference frame has an impact on the difficulty of inferring the
appearance of another viewpoint. In Experiment 3, the participants in the FU
group moved to another viewpoint while looking at each other in the eye and
other areas. These results suggest that coding spatial arrays included in stimuli
from various viewpoints may contribute to decoupling in children with ASD
who have not acquired VPT2 skills. When observing the sample stimuli from a
location except from another viewpoint, the participants always perceived facial
stimuli in a misaligned position from the upright position. In this process, they
may learn that the positional relationship between the eye and other parts of the
face is invariant from any viewpoint. Then, when the comparison stimuli are
presented after returning to the original position, they discriminate that the cur-
rent appearance is out of alignment with that of the observation. Thereby, they
consider that the spatial relation of the sample stimuli is recalled, and the correct
response occurs. From these task analyses, it is clear that discrimination pre-
cedes the recall of memory, however the significance of this study is to demon-
strate that setting appropriate TL promotes the establishment of VPT2. There-
fore, results indicate that training conditions in this study promote the response
based on the pattern of the spatial array of elements included in a stimulus.
Future studies should verify task generalization of other VPT2 tasks, in addi-
tion to examining the issues listed in the discussion section of each experiment.
Because even young children can understand the direction of the face (Carey,
1996), it is possible to understand the direction and spatial relation of the in-
cluded elements without performing VPT2 skills (Watanabe, 2000). Therefore, it
is essential to confirm task generalization. It is also necessary to examine the re-
lationship between cognitive and affective perspective-taking. Since VPT plays a
fundamental role in promoting the development of perspective-taking (Shelton,

Clements-Stephens, Lam, Pak, & Murray, 2012), future studies should demon-
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strate the impact of the acquisition of VPT2 skills on social development. This
may also lead to increased educational significance of early intervention for child-
ren with ASD. Thus, perspective-taking is positioned as an aspect of sociality
and the research results may provide clues to support children with ASD. Future
studies should consider its application to the practical implications of under-
standing relationships with others, such as social skills, imitation, and under-

standing of words such as “go/come” and “give/receive.”
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