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A Study on Preschool Children’s Perceptions
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Abstract: In this paper, we analyzed how 5-year-old children perceive a robot’s ability to attribute
mental states to oneself and to others, which shall hereafter be referred to as a robot’s theory of mind
(RToM). A total of 34 S-year-old children were given two typical false-belief tasks, an ‘unexpected-
contents task’ and a ‘change-of-location task’, in order to evaluate whether a child’s perceived RToM
was connected to their own ToM. In addition, we investigated whether a child’s perception of RToM
was influenced by either a priori experience with robots or that child’s gender. The results are as
follows. Firstly, the 5- year-old preschool children universally recognized robots as beings that have a
human-like mind both in 1st order and 2nd order perspectives, which indicates that children perceive
robots as beings distinct from mechanical toys. Secondly, a priori child-robot interaction experience
was found to have a positive influence on a child’s perceived RToM. Thirdly, the gender of children
did not significantly affect their perceived RToM. This study serves to add to the macroscopic results
of prior research, which indicate that children perceive robots as intermediate beings between living
and inanimate objects: significantly, it analyzes the children’s perception of robots through the lens of
theory of mind, which is one of the key elements of cognitive development. This research lays the
foundations for designing effective child-robot interactions, in situations in which robots serve as peers

or assistants for educational purposes.
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[Table 1] The gender and age distributions of participating
children

Age (Months)
Group Gender N M D t
Male 11
Experimental Group | Female 6 | 7835 | 3.59
Total 17
Male 11 2742
Control Group Female 6 | 7488 | 3.79
Total 17
32 AT
3.2.1 21 29}
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[Table 2] The design of the unexpected contents task, which
utilized an eraser in a band-aid box

Task Eraser in a Band-Aid box

Materials | Band-Aid box, Jack and Jill paper puppets

(Introduce Jack and Jill to the participant, and look at
the Band-Aid box together. Then, Jack and Jill make
their exit.)

Researcher: Jack went outside to play. (Displays the
Band-Aid box to the participant) Can you guess
what’s inside this box?

Participant: Band-Aids.

Researcher: Shall we try opening it? (Opens box) Oh,
there’s an eraser inside! Now, let’s put the eraser back
in the box.

Affirmation
Question

Affirmation Question 1: What did you initially think
was in the box?
Affirmation Question 2: What was actually in the box?

(Jack reenters.)

Question 1: What would Jack think is in the box?
1 point | Band-Aids.
0 points | Any other answer.

Questions
and scoring
rubric for
1st-order
ToM task

Question 2: Why do you think that?

Because he could not see the eraser inside
the box.

Because he went outside to play and
couldn’t see what’s in the box.

Because he couldn’t see the eraser.

0 points | Any other answer.

1 point

(Jill makes her entrance.)

Question 1: Would Jack know what Jill thinks is
inside the box?

Yes, he will.

Yes, he will think that she thinks there are
Band-Aids in the box.

0 points | Any other answer.

Questions
and scoring
rubric for
2nd-order

ToM task | Question 2: Why do you think that?
They went outside to play together.
Because she could not see what’s inside
the box.
0 points | Any other answer.

1 point

1 point

Materials
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[Table 3] The design of the first change-of-location task 3.2.3 RToM ZAHA|
Task | Relocating the candy bar RToMo] t3l Gole] 1218 ot7] Q&) - gu|=A|Q)
Materials | Candy bar, box, Jack and Jill paper puppets AR} &= z3e) A S QBT AR oA ok 112 A w
Introduce Jack and Jill to the participant. =
(Inroduce Jack and Jll o he participant.) 230] IS 1)L gl B AR F frobEoll
Researcher: Jack and Jill have acar.ldy bar. .They putit AR-S A 2a1=t] 59349 AlUe] Q3= [Table 4]0 A1)
Affirmation | 12 box to save for later, before going outside to play. S9IE AEA] A2 % 0% S
Question Now let’s move the candy bar into my pocket. st A A & 10725, 12+ 2 22 RToMel| thate]
Affirmation Question 1: Where did Jack put the .
candy bar? [Table 4] The script of the unexpected contents task that was
Affirmation Question 2: Where is the candy bar now? designed to test children’s perception of MOCCA'’s theory of mind
Researcher: Jack is back, and looking for the candy bar. Robot’s
Question 1: When Jack came back, where would he Speaker Speech Action Facial
have thought the candy bar was? Expression
) 1 point | In the box. T (Teacher)|  Hi, MOCCA.
Questions P
J . 0 points | Any other answer. Raises and waves
and scoring R (Robot) Hello. . Smiling
rubric for | Question 2: Why do you think that? right hand
Tlsﬁrdeli Because that’s where he left the candy. T How are you?
oM tas Because he does not know that we moved ; o
1 point | the candy from the box to your pocket. I'm great, thanks. | Collects both hands| Smiling
Because he went outside to play and didn’t R What’s this? Points to the box Surprised
know that we moved the candy bar. at's this: with right hand urprise
0 points | Any other answer. I brought a
(Jill reenters.) T chocolate box.
Question 1: Would Jack know where Jill will look for R Sounds delicious! | Raises both hands Joy
the candy bar? T What do you think
. Yes, he would. is inside?
Questlops 1 point | Yes, he would. He would think that Jill will both hand
and scoring look inside the box for the candy bar. R Chocolate, of course. Waves both hands Joy
rubric for |~ points | Any other answer. up and down
2nd-order Let me open it
ToM task | Question 2: Why do you think that? T for you.
Because they left the candy in the box.
1 point | Because they didn’t see us move the candy R Oh, it’s an eraser! Looks downwards Surprised
bar to your pocket. at the box
0 points | Any other answer. T Yes, it’s an eraser. Surprised
Materials




370 =53] =2 A5 A4 (2020, 12)

L
=

7] AR o= 3313 E]([Table 513x). A= S
o P A3t AlE| eE AlLket Ay PRzt
Al4+(Cronbach's o)== .765%= L‘rﬂ- ot

ru2 o, N

b

IR, )

3.2.4 2% 0] £5 "ROBO-RANG;

BTl A AbA 2 AES e AaE FELe 20194
S7RRE IR N el o] ARl g otel 54
© 2 7hakEl FROBO-RANG o] tjl, 3 gHeo ol & 2
3 v} 201} 24 Bl AT} 19104 2eHA AEE vlo}
TR Fo|2A] 2E-LS /)2 51e] a9} ol El= 1A
A SEA 0l AFE A-go) uE E = LA o]l a1 Gole] A
A5 ALE A 7)4S Sdehe O] FAA dFS Fi=
Ao 7 AZHYL) & gj:,Lo]]/q AFA 23 Adlo] 9= Mok
A9 7492019 8 19UHE] 2019 9 27U7}A] <k 65
ok % 183]7)(657x33]) zjoq SolSolth

J

3.3 A A4}

3.3.1 duay
& AT elH] AR 2020»ﬂ 19 6ol 2glo] FeIa}n)

ole AT 4

v
/&@;ianﬂmﬂwﬂcg tola7] 91 A 0 A
A3, S5 BAPL w4 ek frohza] Wil efs)
= 20 AZRE Hste] WE AR 54 glo] Tl e
sp712 sgick

3.3.2 TAES

279%2E 19 M“ﬂﬂﬂ%ﬂ@ﬂﬂ
L@%mzﬂfﬂ‘qgﬁqqﬂﬂ% 14
ol RToM 2Ll 91315 S8 4ok A AE 9
ato], '/ROBO-RANG, = ‘g8l =30 o285 4dd
ojzo]3] A4 Fro} 1773

o2, 0)8 A ke oty
Ol BHTo R 7)o % gﬂé@k&iu}. AT EAN 3
Axh:]_nj B;(hj_xqjﬂ 34 35 Al
4 AR A B AR 28R WA frolE2] ToM

& 273l7] gleto] g amA Al L 917 o) E Thalg A
3h3ict = HA THA|o A= RToM 12 ZAE #3815+
tl, ool Al -8 A 3A1E astaL = =3e] =

iﬂlloo

HN L2

[Table 5] Evaluation metrics for MOCCA's unexpected contents task

Task

Eraser in the chocolate box

Materials

Jack, Jill, and MOCCA puppets, a video of MOCCA

Questions
and
scoring
rubric for
Ist-order
ToM task

(Introduce MOCCA, Jack, and Jill to the participant, and
observe the chocolate box together. Show the participant
a video clip of MOCCA performing the unexpected
contents task described in Table 4.)

(Jack makes his entrance.)

Question 1: Do you think MOCCA will know what Jack
thinks is inside the box?

2 points |Yes. (Acknowledges MOCCA'’s 1st-order RToM)

1 point |No. (Denies MOCCA'’s 1st-order RToM)

0 points |I don’t know. (Confusion)

Researcher: (Faces MOCCA) MOCCA, what will Jack
say is in the box?

Question 2: (Now facing the participant) Hmm, MOCCA
won’t answer. Can you answer my question on behalf of him?

2 points |Chocolate. (Correct 1st-order RToM)

1 point |Eraser. (Incorrect 1st-order RToM)

0 points |I don’t know (Confusion), No answer

Question 3: Why do you think that?

(Answers indicating that robots can read minds)
Only MOCCA saw the eraser.
Because MOCCA is smart.

1 point

0 points |Any other answer.

Questions
and
scoring
rubric for
2nd-order
ToM task

(Now lill reenters.)

Question 1: Do you think Jack will know what Jill thinks is
inside the box? If we ask MOCCA what Jack is thinking,
would MOCCA be able to tell us?

2 points | Yes. (Acknowledges MOCCA’s 2nd-order RToM)

1 point |No. (Denies MOCCA'’s 2nd-order RToM)

0 points |I don’t know. (Confusion)

Researcher: (Faces MOCCA) MOCCA, what would Jack
say when we ask him what Jill thinks is in the box?

Question 2: (Now facing the participant) Hmm, MOCCA
won’t answer. Can you answer my question on behalf of him?
2 points |Chocolate. (Correct 2nd-order RToM)

1 point |Eraser. (Incorrect 2nd-order RToM)

0 points |I don’t know (Confusion), No answer

Question 3: Why do you think that?

(Answers indicating that robots can read minds)
MOCCA can think because he can speak.
MOCCA is a thinking robot.

0 points |Any other answer.

1 point

Materials
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[Table 6] Differences in children’s perceived 1st-order RToM,
relative to their ToM

Ist-order RToM N M SD F p

Low 4 225 | .50
Child’s | Medium | 16 | 250 | .52

ToM High 14 264 | .50
Total 34 | 253

*

1.569 | .043

"p< .05

[Table 7] Differences in children’s perceived 2nd-order RToM,
relative to their ToM

2nd-order RToM N M SD F p

Low 4 2.00 | .00
Child’s | Medium | 16 | 247 | 52

ToM High 14 | 243 | .86
Total 34 | 239 | 66

2.145 | .048

"
p<.05

[Table 8] Differences in children’s perceived 1st and 2nd order
RToMs, relative to their prior experience of robots

Prior Experience of Robots | N M | SD t p
- Present 17 | 2.70 | 47 .
Ist-order 2.138 .040
RToM | Absent | 17 | 235 | 49
Child’s
- Present | 17 | 2.53 | .80 .
Tom | 2nd-order 3228 .002
RToM | Absent | 17 |225| 45
Total 34

"
p<.05
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[Table 9] Differences in children’s perceived 1st and 2nd order
RToMs, relative to gender

Gender N M SD t p
- Male 22 1259 .50
Ist-order 957 | 346
RToM | Female | 12 | 242 | .52
Child’s
- Male 22 | 248 | .52
Tom | 2nd-order 048 | 351
RToM | Female | 12 | 225 | .87
Total 34

4.4 §oke] Aol T2 RToM $14] 2ol

frole] Aol b2 RToM 12 Z}o] & A Avb= o
3} 22T}, [Table 9]0l A|A|gH e} 13o] frofe] Ao w2 2}o]
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