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The Robotics tutor supports children's development of mathematical procedural skills
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Abstract: With the development of intelligent technology, robots are emerging as a new force in the education field.
Previous research mainly focuses on their knowledge - transfer applications, with relatively less exploration into
promoting students' mathematical process capabilities. This study, targeting 49 children aged 5 - 6 in a kindergarten in
Wenzhou, Zhejiang, proposed and implemented a robot - based gamified teaching method. The results show that the
humanoid robot can significantly improve children's mathematical communication skills. However, in terms of
mathematical processual competence and other subdimensions, there are no significant differences between humanoid
robots and traditional teaching methods. This study offers new perspectives and practical evidence for the application
of humanoid robots in early childhood mathematics education.
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goeitqzpe  Experimental 24 124 37 1.241 067 3968 079
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7 Control 25 1.13 52 1.134 .094

*p <.05
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P
e Control 25 76 .46 758 086

178



GCCCE 2025
6.74 B &8

6.1. FHXLER L 717

BT LHRERATTRILBARBRFILESD, AR A TFNUEANHFRLKS
TR AR F AL E RTINS, T ORI, RTRFARS, RFEEIE
RE ). HFAEEAERE S . R KA A AL A R T A,

AT 1, FhaE)lERFIAEAREI R EETRBALZANTR, XERE, AR
THRGHFERNEF T, RTHEAGHERNEST ZEF TR F )L ERF I LN
AR, XTRAERDNERBITRG EZZINR, WRIBFAERT, RERAEHFT -,
w5 AL BB AL X T @ A BT R BR(FE K, 2019)0 TR R AR T A FABMEA, JLELI
AREZI = ART, IAREAHILERE LR, RiEILEF ] £ % %17 (Sharkey, 2016), H
e, BARATBMBEALRKLILEST S, HHREBAEF T B TREAINE &, 1242/~ 3 )L
THRFAERBAGERETOVELERL, F2E—F K%,

AR AF SR AL 2, S ILE AR AR A . R AGENR A . P AR X
A B EILE RN AN, BARFARALE LHENE I ERE., XERELTAH
MBEARIERAILENR PR TTRAHTHUEARTEL, ZAHNS, FHE
AN A 8 SURA T 4 L(Konijn, 2020), X A)LEW A LR A ERBEHY ET T,
I, ATMB AR TIELNMIT AR, T FELRE LEIAFMIAH, RMAFEL
BT REZERIABOIE, ERIFRAICMNGEF AR . BT AR B, KFRIX
HOETFIBEAHFRNHS T ERBRBILERF ARG RE, —FEHFILENHK
E3 AN o
6.2. FFEMR#G#EX

Hh, AR HRTEMNTEHILEGANER, HAKER ), ATRFRFR
ERBZREM, AR 2R 2GFAEBRK, Lk, FARLAMRARNA, LEHLT
st #E— XL EGRKIF I AR IFEHEERS . RE, ATRAERN TR, KAk
AHH EBILEAMRZ ] B AW £ 7, RATFENELGRK,

AT ERFRERGIT®, ABEMXARTREUATED: (DKERFARELEET KIFER
A, AR AATGIMBE ARG F AR F AN R EREEGTER: QBSEARTRLE
KA, HAFERFHEFFHILT, K T2 @i BN Foif AT IS AN 40 ILE F
FHRFALERE: QOOARARTEZERERBILEZGANABRAE K, %+ BA AT
WA RS, HEmERRFHFZIR, FALFOHF B 4.

PE L

TAI3(2023). A TAAET ARG KRFE AT FIRAIEHRFART. BEITFEFRLIR,
40(06), 74-78. https://bit.ly/3CizSwy

TR, S RAEREEQR012). RHEABLEMEN PN ELRALE R, PEEALKT, 10,
109-113. https://bit.ly/43qCQKn

%(2023). LA FHF HFRAGE S 5 EEBZ. FHEFHR, 06, 83-86.
http://bit.ly/4ao1rkC

%% & Ao £ A #(2019). #DLEFRARXBEIAKRER AR ZAR. RBFAIFEFRFR, 01,
99-106. https://bit.ly/4gdcxf]

TKE(2010). HFIARR 7 40)LEF BYERR ) 09 LARRIL. SILEF: EFHF, 10, 34-35.
doi:10.13861/j.cnki.sece.2023.06.002

J& dh(2016). 5~7 FILEH FIAZM AL ) M B & & & A HAF % [Unpublished doctoral
dissertation]. & % JFE K 5.

S sh AR -F(2018). 5~7 FILEHRFARMRIMREFR L SHEAEM, FHEFHFLT,
02, 12-24. doi:10.13861/j.cnki.sece.2018.02.002

179



GCCCE 2025

32 X,(2020). AR R AR GFEIFSR KL L FAAEME O EER. 2EBRLBRFRSF
&, 20(6), 37-40. https://bit.ly/4g5SRBoA

A0 A B A #(2020). “ATHRAHFT” AR TUBAILBFTRFFINEAGERFL. &
WHEFAHFI, 12, 113-121. doi:10.13811/j.cnki.eer.2020.12.016

F3K(2019). AL EHF A ——FRILEALEFIHEHRG LR, HFHF LI,
31, 1-2. https://bit.ly/4hgzVZb

b #(2019). A EMFFR P ERYILHFTAZME ). HB T4 365,36, 2.
https://bit.ly/4g2DJeV

Almousa, O., & Alghowinem, S. (2023). Conceptualization and development of an autonomous and
personalized early literacy content and robot tutor behavior for preschool children. User
Modeling and User-Adapted Interaction, 33(2), 261-291. doi:10.1007/s11257-022-09344-9

Belpaeme, T., Kennedy, J., Ramachandran, A., Scassellati, B., & Tanaka, F. (2018). Social robots
for education: A review. Science robotics, 3(21), eaat5954. doi:10.1126/scirobotics.aat5954

Dicheva, D., Dichev, C., Agre, G., & Angelova, G. (2015). Gamification in education: A systematic
mapping study. Journal of educational technology & society, 18(3), 75-88.
https://bit.ly/4jqNfvw

Goldman, E. J., Baumann, A. E., & Poulin-Dubois, D. (2023). Preschoolers’ anthropomorphizing
of robots: Do human-like properties matter?. Frontiers in Psychology, 13, 1102370.
doi:10.3389/fpsyg.2022.1102370

Keren, G., & Fridin, M. (2014). Kindergarten Social Assistive Robot (KindSAR) for children’ s
geometric thinking and metacognitive development in preschool education: A pilot
study. Computers in human behavior, 35, 400-412. doi:10.1016/j.chb.2014.03.009

Khalaf, S., Kilani, H., Razo, M. B., & Grigorenko, E. L. (2022). Bored, distracted, and confused:
emotions that promote creativity and learning in a 28-month-old child using an
iPad. Journal of Intelligence, 10(4), 118. doi:10.3390/jintelligence10040118

Konijn, E. A., & Hoorn, J. F. (2020). Robot tutor and pupils’  educational ability: Teaching the
times tables. Computers & Education, 157, 103970. doi:10.1016/j.compedu.2020.103970

Konok, V., Liszkai-Peres, K., Bunford, N., Ferdinandy, B., Jurdnyi, Z., Ujfalussy, D. J., ... &
Miklési, A. (2021). Mobile use induces local attentional precedence and is associated with
limited socio-cognitive skills in preschoolers. Computers in Human Behavior, 120, 106758.
doi:10.1016/j.chb.2021.106758

Nunes, T., Bryant, P., Barros, R., & Sylva, K. (2012). The relative importance of two different
mathematical abilities to mathematical achievement. British Journal of Educational
Psychology, 82(1), 136-156. doi:10.1111/1.2044-8279.2011.02033.x

Serafino, K., & Cicchelli, T. (2003). Cognitive theories, prior knowledge, and anchored instruction
on mathematical problem solving and transfer. Education and Urban society, 36(1), 79-93.
doi:10.1177/0013124503257016

Sharkey, A. J. (2016). Should we welcome robot teachers?. Ethics and Information Technology, 18,
283-297. doi:10.1007/s10676-016-9387-z

Williams, R., Park, H. W., & Breazeal, C. (2019, May). A is for artificial intelligence: the impact of
artificial intelligence activities on young children's perceptions of robots. In Proceedings of
the 2019 CHI conference on human factors in computing systems (pp. 1-11).
doi:10.1145/3290605.3300677

Zhong, B., & Xia, L. (2020). A systematic review on exploring the potential of educational robotics
in mathematics education. International Journal of Science and Mathematics
Education, 18(1), 79-101. doi:10.1007/s10763-018-09939-y

180




