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Abstract

Modern society is undergoing unpredictable changes due to technological innovation. Therefore,
school education aims to develop children's ability to become creators of a better society and life in a
changing environment. To achieve this goal, programming studies have become compulsory in
Japanese elementary schools from 2020. The purpose of programming studies is to develop children's
ability to use information technology, logical thinking skills, and the ability to collaborate and
cooperate with others to solve problems. Therefore, in this study, we focused on "pair programming".
Pair programming is a programming style in which two programmers work side by side at one
computer and continuously collaborate on the same design, algorithm, code, and tests. Each pair is
assigned to the role of driver and navigator. The driver inputs data into the computer and writes down
the design. The navigator monitors the driver's work and looks for tactical and strategic flaws. Pair
programming provides an environment where students can consult with others and work together to
solve problems they do not understand, which may contribute to eliminating students' aversion to
programming and cultivating the ability to collaborate and cooperate with others more than when they
study programming alone. However, many previous studies have shown that many elementary school
students do not ask questions even if they do not understand something, and that high-quality questions
are not asked. In order to fully obtain the learning effects of pair programming, it is necessary to
support elementary school students' discussions (questions). However, many of the existing support
methods are unsuitable for pair programming learning or the immature developmental stage of
elementary school students.

In this study, we therefore develop and introduce a learning support system that promotes
discussions in pair programming learning for elementary school students and examine whether it can
encourage more discussions and improve the quality of discussions among students, thereby
contributing to improved learning outcomes. To achieve this, we designed a learning environment for
pair programming and a method to support discussions. We then developed teaching materials and a
web application to realize the design and conducted a demonstration experiment.

Dillion expresses the discussion (questioning) process in three steps: (1) eliciting a sense of doubt,
(2) generating a question, and (3) expressing a question. In this study, we provide support for each of
these three steps. Each support method is summarized below.

® By allowing learners to view the length of the discussion and the number of attempts to
answer, the navigator hints at when to ask questions.

&) By providing a list of question stems (fill-in-the-blank questions) that correspond to students'
lack of programming experience and the basics of discussion, learners can use these as an opportunity
to ask questions.

©) The motivation of the learner to ask questions is increased by having the agent talk to them



or by giving a certificate and praising the person who asks a question.

This study expressed these three support methods using a web application and cards. The completed
system was then used to conduct a demonstration experiment (programming class) with 16 elementary
school students, lasting a total of three hours. Three teachers (Teaching Assistants) who supported and
monitored the students also participated in the experiment. Data collected during the experiment
included questionnaires for students and teachers, comprehension tests, records of speech during pair
programming, and learning logs for the web application. Based on the results of this analysis, the
effectiveness of the support methods used in this experiment is summarized below.

® The learning log viewing function received many positive responses in the student
questionnaire. In addition, some pairs expressed concern about the time it took to answer. However, a
questionnaire by the teacher revealed that the roles of programming (navigator/driver) were unclear.

@) The question stems for programming learning were not used much by the students, so it was
not possible to confirm whether it improved the learning effect. The results of the teacher questionnaire
and analysis of the content of their utterances revealed that while the students asked many simple
questions during learning, such as "Why are not you getting the answer right?", these did not progress
to asking deeper questions that questioned the intention of the program. There were also times when
children tried to use a card when they got stuck, but the person they were asked could not answer and
got stuck.

©) The results of the children's questionnaire suggested that the system of awarding a certificate
to those who asked good questions may affect children's motivation to ask questions. Although many
children responded positively to the agent in the children's questionnaire, there was a lack of

experimental data to examine the effect of the agent on the content of their speech.

We also investigated whether using the question stems would change learning performance or
speech, but because the question stems were not used much, no changes were observed. It was also
suggested that pairing up children with different levels of confidence in talking with others would
result in differences in the amount of speech during programming exercises.

There are several areas for improvement in this experiment. First, many children who participated
in the experiment were good at discussions and asked questions even without the question stems.
Therefore, the purpose of the question stems needs to be changed from "a trigger for questions" to "a
way to ask advanced questions necessary for problem solving." For example, it would be good to use
questions that ask about the details of the program. However, more than half of the children who
participated in this experiment answered in the questionnaire that they were good at discussions. Since
children who are not good at discussions may need “question stems that aim” or “a question stem that

aims” to "provoke questions," it is necessary to consider appropriate question stems according to the



differences in children's personalities and abilities. Second, by having children practice pair
programming roles and questions before learning pair programming, they may be able to perform
programming roles and questions more effectively. This is because teachers responded in the
questionnaire that "the students were so engrossed in solving the problems that they forgot about the
programming roles and question stems," and "some students seemed confused about how to use the
cards." By having students practice thoroughly in advance, it may be possible to reduce the burden on
them during learning and have them behave and ask questions according to their roles in pair
programming more smoothly. Third, the results of this experiment did not clarify whether the question
stems are effective in encouraging deeper learning content, or whether the questions are being asked
by the agent's utterances. Therefore, additional investigation into these issues is necessary.

Finally, 80-90% of the children who participated in the experiment were in the fourth grade of
elementary school. More data from fifth and sixth graders would be needed to improve the reliability
of the data. In addition, because the author analyzed the utterances alone, the classification results

should ideally be examined by multiple highly reliable people to determine whether they are correct.
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X 5.7 X7 0TI TEE RT)DORF
N7 TTaT T T EE RN T AR
8 NBEHRIRFE OO BEE R UALFEAZ AN TV,

X 5.8 X7TurIILTHEEB T N—T2E)DOKRF
HZRT ORE T2 TA DNKEILZ N ST =XV 7 L TNDERT-.
8 NF RO T O G EITE LA Z AN TN,

52 EEHER
521 2#F0Y-TOUIIVTTRADFER

Web 77V —a THEEILIZFEE 07 OFEFIZONT, & 5317 T. BEDIEZRETIT,
LoUL 3 ORTEITIEZR RS 6 B2, ZN LIS DL~UTIEERD 8 LA TVD. L)L 3
TlE, =7 —WN%IL not-reach-goal, syntax-error, over-count-limit DJIEIZZ<, H°CH not-reach-
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goal NRIRDK 8 FZ HEHTWA.

B RRERY AME IR A RE O IEZ R - iRER M4, AEKME(a)%Z 0.05 LLTYUARAy
R=—0 U BRE[ AR E)E FERLUI-FERER 54T, ERIIELLL p > THY, HE
ZEITROLINLD T

* 53 FEuS DR
R DOREDOH BN FRTOEBRIZ 1 EHLEIML TR WRED T — 2 1R
FAENT NS A ALUL T AU AL TN,

HH WA ERIEESUAMEREE  ERRERY AN R

BT A A A (n) 14 7 7

BV FE L] 32 16 16

nic LUL 2 34 18 16

% L~UL 3 19 10 9
L~ 4 5 2 3

E&H LUL ] 1.000  1.000 1.000
LUl 2 09118 0.889 0.938
LUL 3 0.684  0.600 0.778
LUl 4 0.800  0.500 1.000

1 & 71=0 DR 2 1.633  1.543 1.727

RO

T7— syntax-error 18 10 8

N over-count-limit 3 1 2
not-reach-goal 77 30 47

1 72V DA HEAI(FY)  79.253 74.284 83.895

K 5.4 ERIFEBRIAMERICL O EE R RER R OBER R
R T DOREDH BN FRIODFEERZ 1 EHBIML TORWRED T — 23RS, p BT
~UARA Y h=—0 U BUE (MR E ) & Fha L7 R THY, BB INERE 4 (LB T4

VU H AL TNV,
B RERY A M HIRE BRHFEHRUANREARE pfE
(a=0.05)
P T A A R (n) 7 7
BRI 0.742 0.929 0.245
R R (D) 113.341 130.521 0.383
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B REEER) AME R L A RED S 0 /I3 7 F AN i U= A 32 5.5 1OoR”T. B
FEERYAME FIREE AR ARHIE — D RE THY, EAREERME AR OZNEOT AR 1K1
RUT, AEAE(a)Z 0.05 LL T2 O SHIBA M E (R E) 2 FE5E LTk 5
F 5.6 1 RT. BRETIE, p T 0.570> o E2RVE EZEITFRD HNRD -T2,

#£ 5.5 Sl I T T ANORER
R DOREDOH BN FRTOEBRIZ 1 EHLEIML TR WRED T — 2 1R
FAENT NS A ALUL T AU AL TN,

its
1 BB R AME HIHE & RFEEY A A R
P T A A R (n) 10 10 10
T AN R REEQ) 1.000 0.600 0.700
B Hf#©2)  0.900 1.200 0.900
OWNITELA. @) 3.200 3.500 4.000
M (4) 2.900 1.800 2.500
FA(3) 2.400 2.200 2.500
A& (3) 2.200 2.400 1.900
A7) 12.60 11.700 12.500

K 5.6 BRFERIAMERICLE 0T IV 7 T ANOKRER R
R OBEOHZR SN FFTOERERIZ 1 EHSIML QW REO T — 23RS,
p X742 7 o OFF A NENE AR E (WA E ) 2 FEhi L 726 S ThHY,
AT NEUREE 4 AL LD F A AL TS,
BRI RERRY A M R BERFERUANREMEE  p H(a=0.05)
P TN AR () 10 10
T AN B 11.700 12.500 0.570
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IRENVEMFERYARO A —REIZFH LT, FH—ROFEHAEEO/BREZR 5.7 (ORT.H
RIREERU AN CE FSNZ D —RIL 7 Ko 3 BT, TolEEb ek 2 Felb7eun. 1—K 1 K4
T2V DI RELITA) 0.464 [FICTH D, £ AR RO E MBI Z #5070 MI—R T,
PEHEMR 228 3.574 &, DI —R LT HERE . ZOZEND, AR CTIXERFERY AR D
FOFEASNTELT, REARECIIEBRIEICKREIZLSDENH DL LB HERIND. FHE
TlX, DRNRT RN EXITTEZREL RS TNDERD ? |1l — R a2 3SR H-o
7=bOD, BPNIZHFENEZ LN TITEEE-o TLEG D Aoz,

# 5.7 BRIFEBIYANI—R)DfE AR
n IV TN A RERLTEY, B OO BB - FFIOFERIC 1 ELBIML TV
IREDOT —H 3R, SIS 4 ALV T2 AL TN,

ita n I —RALFR it FH =14
R BOME S ROKE R
{7
BMFEGSRVAN 7 EINELNR->TWDHERE 0429 0 2 0.728
il FH R 5?
EOTay s ESE LYY 0.429 0 2 0.728
WIS 2
OQOEAATBYTDBHHRN 0 0 0 0
(RtEzAr)z#x T
H)—EFEOOISWVTHZ 0 0 0 0
<
EOTay 7 TESENNZD 0 0 0 0
DINEFIZHZ C
OO7uv/OEWE#Hz 0 0 0 0
<
HIRT=OBZITHRIEE 0.143 0 1 0.350
9, R/~
EMRESRYAN 7 EMATRI—R 2.714 0 10 3.574
Al FARE
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IREDRFENFICOWT, £ 3.8 TRULIZREILITER HWVEMFEHY AME AR - AR H#EC
SIFREAT TR RAR 5.8 12, MBEO AR RAM 777 TRULIZbO%K 5.9 1TRT. FaEHN
Ei r&m WS- R TAIT 1, 2, 345, TED ootz 1 70E, 7 us T AOBERHH
= B JEBEEDDDLME N KL EL, BIRD 5 BILL A2 DT, F2, FEBIHEDOHE
FETC i&u\z‘%uﬁﬁs 499 LAROK) 3 Fa D THDHDIZRIL, TOREEI 8 LIEF I D7, 1
RTHIVOTFHERIEB )R, 39 THD. FR-1EE T, BRIV —RERATHHEERZE

HoT20, FEEBIEMEOMNT 0T AL E N L0 Tz, %1~‘/71’+~7 17 TERICBEL T
%, FEE DI LEELAE REN WL OO, 3 Tl DI T TORGETITh T,
ERNART = — V=M T 2551E, B ORESSIICETLIERLSNIIT N0,

B RERYAME AR REEAEOREE ORGE I, AEEHE(a)E 0.05 LLTHA 5
REZEFERE LT REZER 5.9 IRT. pE>a b/eh), AEEITRDONL T, F2k 570
ERIFEMUAROM R LFE 5.8 OVER-BIE 107 —OREFEREE LK 5L, £F—24

OB RV AMEREEIZ D720 DIZH B LT, ERROSFE CIIIEF ITEZDOEMEZIT>TW\HD

DRI,

Ny

#£ 5.8 FEANBRDOLE/ER
B AL DT — 2 REG i OBEOH B - FRIOEFRIT 1 EHBINL T
WREOT —HIR. o T A X TE R AMERRE 6 <7, KRR 7 <7 Tho.
BT N BUR S 4 fLLL P2 AL TS,

FaEA T — it
EAZ ERIvA A [Eofiss BERMFESY AN ERIGESY AR
A7V —  HTAV— HTAY— fili FH AAE R
M FE B RS FEK FHE
THEEE R BICiR=97) 2 0.001 1 0.001 1 0.001
HiH-8hE 5 0.003 4 0.005 1 0.001
[EIpS 1 0.000 0 0 1 0.001
W GIERN=NZ) 213 0.127 116 0.143 97 0.112
BH-BE 148 0.088 72 0.089 76 0.087
[EIP:S 138 0.082 76 0.094 62 0.071
TN—T 5 AR 1R 76 0.045 65 0.080 11 0.013
M AR B S 22 0.013 16 0.020 6 0.007
FAELOREE 45 0.027 24 0.030 21 0.024
Heoy 8 B MR 127 0.076 54 0.067 73 0.084
M= 848 0.505 362 0.447 486  0.559

HBIA T 53 0.032 19 0.023 34 0.039
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6 7 1.000

43



523 REDHFMHEFEFEATOMEERE R

REDFFHEICEET DT 7 —hOFERE, &7 OFGEE R aF b E OB OV TR 5.
FEEELIL, WEORGEL CFEILLEBEOFH AR, Fahtbll, <7 2 AOFKFEEDIH
DIRNFOREEREE 1 LLT2EE, BORFORKFFEROLATR . FEEHITEBREVIE, <7
DR FNENEZLGEL TCNDZEE/RLTND,

BEKHE(a )% 0.05 LLTAE T v DIENAEBIMRE A E i L= MO —EAX 51012,
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£ 5.10 REORKMLREFEOHEIRER
Tl —IRIEVE B OREO BB FRIO FEERIT 1 FEHSML CTORWREO T — 23R
p VLAY ~ > DONARLAHBIER B (IR ) A FE i L 7=/ R T D.
BB N EURER 4 AL FA T AL TS,

FRBE 4, P Yo Tv FBERE pfE
A R(n) (@ =0.05)
O TarI T ORE RS EOME 8 -0.252 0.547
© TurI T ORE RSO 8 -0.378 0.356
@ TurIIL T ORI RO 8 0.344 0.405
@ TayIIT O EER SR EE O EE 8 -0.646 0.083
® REFEO/FEEREFE G EOFA 8 0.077 0.856
® DEEOEEEREFEFE L OEE 8 -0.540 0.167
@D T OEBDOFEERLEE DR EEEOFHE 16 0.195 0.470
AT OB DOFEEE L E T OFEFE L OFEE 16 0.495 0.051
@ T LOHFEOFEEMDALIEFELOMBE 15 0.651 0.009

5.24 TU—MER
LR GO RED T —MERICDNT, REOREREICETNELE 511 1C, %
OREAER 5.12-% S.131CFT. £ 5.1150, BMUZREOWHL, LXTns 7307 005
FHZLICHOEBAL>TVD, FR 51205 513 XY, REES 077307 O R ER]
THZEDHELSZIRE SO, 2 ATH T HZERHMBICIEMRT 5 E~DHLSZRE TS,
RENEXIZEMFERYANDONEEZE 5.14 (RT. HEFICRAETIHHOHFLOE X
DR ERERT RN L, T BB P AT ERNRIEHERS Tz,
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1 17 HRIIFAETENL LW BT TI 0 9 7 0 1
T RS Te ZENBHOET .
Tag I BGETL. 0 2 12 3 0
Tag I BET. 1 3 3 100 0
ANEFETZENBET. 0 2 8 7 0
A HOFREITR L) T, 0 1 4 12 0
4 B ORI HIZ o7 0 5 9 3 0

3 13 2 HEIWZRTZMAZ NG, 7% 2 2 4 4 1

LIS DR TH L <SFET

3 HHICRTEHHHATZ NG, 2 3 4 2 4 0
PANDEFTHILEET.

# 5.122 HBOFur 53 7JBE0R4E

TN AR)F 16 THD. BHIBRHETT U — e B CEeh-olz REOT — X%

<. F-, BEADIREOT —H T L TU7euo.

BRNE A4
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Lol
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MR T LD EH -T2 ER LT T,
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fEZ WS XN ST TONLSTTT

1B BT Lo NEOmMRAD o1 E TR LT,

Te Lozl E 2 ATEION RS TE D LdoTz
7ar I CIEITIRLOD TS EH LT
SHEDRIN Y DATT=DOLNL, Tal I 73T <L =TT
LTz

=L DN TN LD TT ER LT TT.
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% 5133 HBOFur 7 FREORAR
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[EIE=S © o RBIETEREE L LN TETI 22T
Il I T L INIT-DO U727 a I3 T DI EN L TTZOTEh
S7=-TC9.

Lo 4 Bl T oot

2 HEI, 2 UL ETLOWT o723 E4S B, 4 L~ULD 4-23 T
FTHRLN-TTT.

1 HH2 HEERSTET3 HRICHRALTE TN TT.

TANE, LITNLSTTNELZT LY N TRLEXT, HL Tz

PA=ZA /A r ¥ LR loy bt iRy i N SR W/Eoy G I

2 HERATZTE, 3 HE, OELSVIZRSTDOTHEI -7 TT.

R TS T T ERT W L TRIT O LD THONL -T2 TT

£ 5.14 B EBIANONEEZEZ DT 7 —hORER
LT AAFAR ()T 15 Ths. BIEHETT U r— MR &R REO T — 213
bRl e, BWEADIREDT — X IFEHEH L Teu.,
HRNE  (ERI—RE2iolc AN B TEMA—REENDELIED, EART—RZ/ED
Fh. B—RICEEME B Z THELLY. Boonaid g, E2viad Thik
WEHR A
[EIE=S © TR TTLENPE S THRDNIE DT T T LEEZILNNT T,
ZZITOIOHIEX
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ZZiE, OOZRATE M.
EDOT vy EEZICBIFIENNTT .
BIF I —REAEoTHINTT .

B RESY AME AR R RO R EO T — M il U AR 515 1R, EMGE
R AME R - Al R DT — 23 LT, AEAKEEQP )% 0.05 LLizy 4 ar ) OFffft
NEAL A E (FHR E )& Ffi LT, EORER, QO E QA B ENFEO DI,

O-QOERITIE, fOERIER LHEL T, TP A R m)D NS, T o —haE O
fICIE, WENST I —REDRN ST DEDN 2 THWOWTT 0 R EDE RN _ER-> Tz,

FHEO7 OREEREIZOWTWOOIE H TIE, £ 8 HI(=18/22)D REN 7 —F—DiEl%
FEFRICRIA T EEEL TS, LLOOI H T T(=22/22) DR E NN TFA 3 — D% EF
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n IV TN AL RT . T —NREIE - R OREDO SN FRIOERIZ 1 FEHZ LT
WRWREDT — IR, p BIXT 1 /v3 7y o OFF A NEN A E (MR E ) 2 FE i L7/ R T
DY, IR 4 UL F 2R AL TV,

FOAMAE n  HEHRER p fE
7 HRFERYAME R ERREERY ARG
Hm @ & @ GO @ 6 @

O BB —FIZHEHLd 50 2 1 2 1 1 2 1 1.000
MoT-

@ HATERZZz501X 7 0 3 3 1 1 2 3 1 1.000
[Ny

@ A HOBEITIHLI-TZ 11 0 0 1 10 0 0 3 8 0.500

@ mpblpnZézfMTcsy 10 0 2 4 4 1 1 5 3 0625
<L TE

® ~TmLoEMIcSM™ 10 3 1 3 3 2 0 5 3 0625
RILEADIEN T

©® ~XTOMAEZELALE 11 0 1 5 5 1 1 3 6 0.844
LZEMTE

@D FLIOYAT—FZE2HE597- 10 0 0 4 6 2 1 5 2 0.031
OIZERZ N AT

JOovnWEADINEEZE 110 2 5 4 0 0 8 3 0.844
WCERLE-KEBICR

27z

©) 701:17’7‘:3/7‘\1%(7*\& 11 0 0 3 8 0 0 2 9 1.000
ZLfR)DEE EFITT
=7c

F o IR (RXTHRER-T 11 0 4 2 5 0 0 2 9 0.063
WRW RSEDER) % |
FlzTE
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D 72
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