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Collaboration Estimation in Pair-programming Learning:
Conversation Differences between Success
and Failure in Problem Solving
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Abstract: In the programming education, the ability to understand grammar of a program language and
writing of a program and the ability to assemble the algorithm are required. When a learner actually makes
a program, some problems are caused even if a grammar and an easy example of the program can be under-
stood. Pair-programming is one of the programming techniques in which two programmers work together at
one work station. Pair-programming is a collaborative work and is used in programming learning. In this
research, success cases and failure cases in pair-programming were compared. From the comparison, it was
found that the speech length was long, the number of repeating explanation was high and the number of
continuous speech was high in failure cases. The insights provide some clues to identify if collaborative work
in pair-programming smoothly progresses and to guess the status of collaborative work.

Keywords: pair programming, programming learning, collaborative work, conversation
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Fig. 1 An example of the exercises in the pair programming

class.
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Fig. 2 Setup of the cameras for data collection.
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Fig. 3 Scenes from the recorded data of the pair programming

class.
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Table 1 Success and failure cases observed in the pair

programming class.
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F2 XT7TUSIIVEBECNEL I A=Y a vy T4

Table 2 Conversations during working with the exercises.

$f | T4 Driver | Navigator | %36 | Za6M | BER | 9o | Wil
=3 DRFE | ORI | RER | E B B/ | #vix | FE%
(#) £ (%) | aflE% | FEEEE | L (%) (%)
/53) )

R A 100 10 11 16.2 6.3 1.55 0 47.6
%2 B 151 24 27 312 10.1 1.85 0 31.4
s C 50 5 6 25.9 6.6 2.35 0 182
D | 125 14 15 21.3 7.0 1.84 0 17.2
MO E | 121 12 8 144 5.0 1.74 5.0 40.0
WO E | 417 35 23 12.6 4.1 1.81 6.9 32.8
A | 624 82 53 26.5 6.5 2.45 5.2 28.9
S B | 588 19 61 129 4.1 1.89 8.8 62.5
Jec | 460 63 53 33.8 7.6 2.68 7.8 293
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P il 22 (RIBRER R AR 22 -0 128 o a0 — F 4R
LI &9 & LBE) ETORBMOESTHD. 5iF
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BRI OES, EROEECL ST, 1 HORFLIET. ©
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Fa2oMr L7z, Bl & 137 — 7 B LT EDRRES
WEPEL TV EGTRLIZODTH L. FEafeE L
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Table 3 Part of the conversation in Failure case B.

BT FEiH FE TN
e I Biks #T

14 N | 13450 | 13462 | while L%

15 D | 13463 | 13466 | 2 A

16 N | 13484 | 1350.0 | main DAMTIHE D

17 D | 13510 | 1352.1 | main ®

18 N | 13561 | 13571 | EoE) TonRe

19 D | 13577 | 13583 | 9 A

20 N 1360.0 | 1361.7 | 9 A, EZETOM

21 D | 13623 | 13635 | 2 A

22 N 1364.2 1366.7 | while X T, 1YY T

23 N | 1369.7 | 13704 | T—

24 N 1371.4 13726 | z—o &

25 N | 13734 | 1374.6 | while I

(Driver 73 #4F)
26 N 1378.0 1380.8 | -, while XL %72\, &, THA, TICKELT
27 N 1384.9 1387.0 | ZHA, BHLL kol

28

z

13875 1391.8 ZOBEBIFAMCHE L TH VLIRS

(Driver 73 #:4F)

29 N 1393.0 1396.4 | db—, &5 LAFAE, PRI LS ET

(Driver 73 #:4F)

1407.9 14135 | THH LD, ZATEHES, Bhizbbian
1416.0 1420.1 | jyun (Z%4) 1 ERLKLAZE, ans RLK, nid
32 1422.0 14232 HdH, nit

33 1431.7 1433.6 | BABOATES L TOWATE

30
31

35 14423 1443.1 | 31T
36 1446.0 1450.5 | Zm—s3b, Za—uEE

N
N
N
N

34 N 1437.9 14409 | 7o — "L AbeboTHhd
N
N
N

37 1456.0 | 1458.0 | o, 7 a v 7 DT HR

¥GEH# : DL Driver, N IZ Navigator, J8aGHHAA & FEaEHE TITRAEBIAE - K& TR (AT - #)

SHTTIE, KD 3 DDRIAE & 7zl ¥ % FhI T LKL
AAHZEELT.

o FLTDEEE LIS, METFIRMLTnD LRIL
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Navigator 25 [ ZOREUIZAIE L T Vwnh b | LR
# i L, Driver EE% 9 525, % i 7 Navigator I&
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FoolBA U % £ T & Navigator 288 ) 72\ Z & I2DW T
DRLHHL TS, ZAUIEELFEEEL2#IC, M&
FUBHELTVB EFELFRCIY, 55 L T2 & i
DR L72EVHRIMIZH=5. 2D L9 RIRPANE X 7-[A]
BAEHzZ TS, MEERx-dE, FBREEIxTT 53
DR L D2 il L7z,
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3 Bt H X Navigator OFEFENE & FEERFH MG SN TV D
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Fig. 4 Conversational sequence in Failure case B.
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NEDARTE TR WnEEZLND,

GATCIE, I x LT Driver & 4 W 1 Navigator 2%
WEAICEERE Lo a2 Bz, 2oHG2HRTAZL L
L7z, TREEHETAZEIZLD, WEITED L SVl
LTHEELTND, 2F D EDLOLWRRHIZEFTETW
BB 5.

REIIHEFHTE T AW Lofle LT, B 4 125
BIBOYALTAYERT. 2T 4 EEOMAT
P F 172555128\ C, Navigator 7% 14 [A], Driver 2% 1 [A]
Fai L T\w5h, 22T Navigator (Zix# DFEFE KT 13
[ fE LT Navigator 235855 L TWAH 2 &% 05, 20
£ 912 L T Driver 4\ & Navigator O #5856 A% %
Bz, ROXTHREERELZFE L.

e mr e MRS AR O] EL
@rﬁyﬂéﬁﬁﬁé‘ = m X 100(%)

SREDY GEEEEL — 1) THhLHHIIOWT, FiROF %48
Ik, B 14T LT 13 MERTEGE L WA I %
100% B 5aE L2 5720 Th 5.

5. DER

ARECIRAZECRLIZT = BLOGH RTINS T,
DR e =R L Rl Y DA o SN W 5741 W LB L
SPSS Statistic 17.0 % W TATV>, #3800 Mann-Whitney
D U Mg lEmlig e 217 o 72.

5.1 RE=E
(1) FERGREH

5 ZMHERI &R T EORERFHIE L TV iz v E s
TRL72bDTHAE, LTI —N— 3 FATFRT.
B FH B O P S ERERIT 20.4%, K BEH Tl 24.4% T
» - 72. Mann-Whitney @ U ¥ %€ C i S5 O FE 56 ¢ [ %
L7825, BEAKESYDS ETHELRE DAL
FEOEN L o72 (U=6, p=0.439). X ->T, BIl,
BB & o THRERRMICEDH B L IZ WV R 2w,
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Fig. 5 Speech time.
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Fig. 6 Speech frequency.
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Fig. 7 Speech length.
(2) FEREHHEE

6 (IMFHNC BT BHFEHE LR LTV D, I HH
DFIFEFEHEE L 6.51 ], LMFHITI 6.06 ITdH -7z,
Mann-Whitney @ U 5% C i S5 O 5 FEHHIE % g L 72
LZAh, BEKESRDL L THELREND L L IZHEDS
Nhholz (U=85, p=0.897). X -oT, Wy, Jehlc
o TRFHHZIZEDD B LTV 2 v,

(3) ZEah
7T EWFEGNIIBIT A RERER LTS, B HH
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Fig. 8 Rates of repeated explanation.
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Fig. 9 Rates of consecutive speech.

DFIFERERIL 1.85 B, KBFEFITIZ 234 TH - 7.
Mann-Whitney @ U ¥ THSHHFI OB R LK L& 2
5, BEAKESROS ETHERENHEOLNLE (U=1,
p=0.039). T & Y REFFOREEEDS R FE L1
LEWI EGh o7,

5.2 EREAD#EER L

B 8 IxMSHHIC BT 5 HHOMR LILFEELRL TWA,
B FF OFI 1L 1.98%, FMFHFIIE 7.26%Th - 72.
Mann-Whitney @ U #% T 6] O B Ok L LK %
L7z 2nh, AEAESDD D & THEREDRD S
N7z (U=1, p=0.031). KEFHOHH DMK L HE
R FEG L D ASKRE N &Aoo 7z,

5.3 NT7OWEIPTZTEICRETETWVSDD

9 TGN BT BRI EL R L T b, KIH
BIOFY) s EH =R 31.2%, KREHFITIE 402%TH o
7z. Mann-Whitney @ U % Tl S5 O e 56 555 & M
LA, AEAKESRDD ETHELEND L LI
BoOSNLrol: (U=8, p=0.796). &oT, H¥h, 2%
Bl & o CTHEFREIRICEDSH D L 1TV 2 v,

6. EE

AWFFETIX, X7 7077 IV 7ERICBIT AT L
DA a=—ary7T—4%h5b, Driver & Navigator O
S A EENICONT A2 LT, EEPISETLOFT
E DFFJU I L7z & el L 726 0 2 7R LT
L. RETE, 5 BBTELNIHERIZOWTRE 21TV,
WHIRESESIRICE- 2 2R E 25 L 5.
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6.1 EEFONRTRLDXV &V

B AR DR L2, BEERICOWTHEEN RO S
n, RIEFEFOITZ)BENLSIRENT EFEDOLNT.
HHFEFHRICOVWTHEERIROON o772 DD, K
He il 013 9 28D 12 He TR 9% fe 76 5 38 A W
g hoT.

ZOZENPS, DETERMRTE LV EDPEFE
HIZHENTWDL Z W ghol. £ 3 0FEpITCIEZEND
PFICHN TS, BEEHF5 14 205 22 T3 Driver &
Navigator 25IZITXKAICHEFTHEZLTEBY, MBEORH LD
ETETWwREEZLND, LAL, BilFES 22 750%
Fif 7 37 % T Navigator 2585 L THEEELTHBY, 220
1 OFFEES 2 B Ed 555 K1E 10 L5 nwEeEZH
NL. 428 THI LX) ICHHORERL b fThbNI T
%. Z O Driver (& Navigator DR EB Y ICT Y E 2 —
Y ERBEL T, LA L, 3EEHF 5 29 124 LT Driver
Na— FEEE L%, LIES < Driver 35552 1T7H 7,
Lo Wiz A TnA72Tho7z. SaEHET 29 T
Driver & Navigator 252 72\W 2 & ZHE L Cnwiz b %
Z5N5HNS, ZDk Navigator 235 L THEIEDE WIS
Hir L TCLEo7201Z, Driver BEELZBZILTLE
W, Navigator I LTV R ho/ceEXHNE.
Z N7 T =NV L W) B 7 R EARIR SN A,
Driver (%1 F T® Navigator 7> 5 DIEFHNAE % HL T &
FUH - RFEICBITLCL T, SHIRELSRETL
FoctEZOLNL. ZORKk, HEOHIRKEEHE T/ u—
INVEEREIZHRHIE LT A A%, Driver (& Navigator 25\ 72
EBDICEMET A2 LICHIBLTEY, DT EOMIIC
3ES 2o 7.

COE)IIHEFHEEOES, HPOMRL, #Ei%EeE
Z oM & LT, Driver & Navigator X1 & 1) 259 F <
WY, BEFESELFONEEZ S BALHEBETE Ll
72, HAVIEELTL T o2 felErd 5. F0HE,
LRI TR OETTEOMREITEL L7200 L
v, LaL, £3 0BT, IhoHo3EHEIHENIC
HBHLTLES 7272012, MHEORLD LN F L ik
Mo REMNSH L. FNENPHMTHEIALGAICE
DEIBRRLY L DHFBETDLNICOVTIE, 4B T 5K
TR EE LTHE L TV LB D 5.

— IS, MADOBIREFENEOIEEIZIIEZIDH S L
EZbh, 22T urg v rREe iR e L CAE
O ERBEHW L LY ELTD, TNV LVTHA
AT EIE, E1OFEMIIBNTTEY T IV IREBRIZES
FTRIRLRM DAL NDL T ENSah b, RIFFETIE, W
DBl & R 2 S A9RIE L LT, T ORFEIE
HLZEZH, BRI ERMOENRFHIIIEN TS I EH

Tz,
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6.2 ZARHZE DR

KEETIE, HFRO—FBOREM Lo TRT 71T T 3
YEB AT o 7272000, EEIEMAYER 30 55 & ko 7.
Beck SAMRIBLzRT TR T S IV FOEFRICHED) 55
\¥ Driver & Navigator D% H| % KT 2 LB B - 7275,
BEOMBRTEEDOEBIIBVWT, &HLLh—okE %
BT L EN) T LT L BN, EEPICkE %
T B LT, KENFICEEPR SN, DET O
RIBEHIZAL—XEGIREESZEZ NS, LAL
COHFNIFEESIMEICE LS G2 oNTBY, KT
X ZOHIFDOFT, DF T XOMILHL) L 23450 & Kk
L7cHipla ik L T 5,

KEBHTH L2707 T MMERGREIE, TNETHEHEL
BT, 300 IETRETTE550THLI b,
DR ICRESN TV, CHEBRELETTE RV
E, FHIONTAEFAR= a YDA THRoTLE)Z LR
ML TH LD, Z0720I2, 1 TEAEDOXRT G
BEE T 3ETEY, RGHEGA» DL o7, HEOEY
EEETFLZIET, REHLYVODFTENLHETS
EEZON, FORKRLELDIUFHT— 5 2 HBL LN
TE&LEEZOLNL., TNIZDOVTIE, 4B E5IIHEL
TV LEDD 5.

6.3 WHERTEEDIRE#TTE

AIFFEDFERD S, 72 21E, Ry Tar 53 v 7y
IZBWT, 55 LTFORFESTFHIDOEL, BFLF
H—HMHEF L TwbE, R 775307959 %L
Vo TWRVOTIRZVNEHET LI ENTELTHA
. BHI, R7TUTI IV EMHEAEETHLI LD
5, L0 —MICHREEDOIRERHEIC S AR TH D W HeNE
3H 5.

RIFFEIC BT B E TlE, FSERLOXT o
ERIHATH-722 D0, RPELOIIa=Fr— 3
NIHEIBESATH) TS TEEEZLNA, OFD
BAEORD L) F L whY, B ETFO5E L F OGN
BHOHMTELLLTORSICHE RS ENTE, b
Wi, BELFEFESICHEFIMO 2O R—- 2952
EWTELLELD . OO RNEBLD o -0 h
Lz, Lo l, RICFAFERLETEZ Y, H50iE
RTPHANMETH o 72 EBESH T I 2= = ay
HEBHIEEFTELR. AWETRERT BT T I V7
BWT, &FICET 50 o OFREDSEEOINEE & BFR
DH DT DG o7z08, TS DOIRIED X ) —{ ) 217
FWEE LR H B ) 2 EmhiE, SRR
REOIRIEL LTH) 2D TELTHA).

COL) AR, 4B T - BEESTELLT,
SHIHGER LTV L LED D 525, RUFFEO#E R 55
2 EDEIITTELTWITFIRI VA E2KET S 120
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FHEPY LB THAD.
7. Bbh)IC

KRG Cld, 70793V SEABBECE/_LRT T
Oy 7 Iy r7EEIZBWT, EERICEAELLDETED
FRUZ T L7235 & S L 7235 & R 7 L 0 &EE O
B BT R L7z,

ZORER, DFT EOMRIE L 72FHBIZONT, K
L7zHpl L I L7z & &1, (1) 1 OFFHEEFEY, (2)
S MY BT R L , (3) — HIICEERE T A M
S\ EDGrr o T,

AR S NZHEICHEESWT, L) — e HREED
REEZHET S EDPWMREIC AL, ShFE T RICART
T T3 TERRHIEEOMEIEONDL L)1k
L5THA 9.

FE AWEO T — F PRI W 72720 728 Ty SC RS
I L. R0 —EIE, AR RS
Fge BAEmhEE (23 - 2956), FLIEARFRFBEIXFHAE HH A
T4 THIgER 70 Y = 7 MR B L OVRHERF 7R w4
FAEIFE (C) 22500104 12X 5.
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