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int sum = 0;
int sum = 0; int.i=.1;
for (inti =1 <=16;+%) Wh||e\(| <:.10) {

{ m4f///’//// stim/+=i;
!
su =j ; 1+

} }

(a) for X (b) while X
1: 220V —2a— Rizxts 2 HHREEH)

Fig. 1 Eye movement on two source code
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*1 https://www.i-trace.org
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EIBEE | XER | YER | | &8 | 7740 | 17| 5 | | EiBHE BXER
28:54.1 121 313 28:54.1 Mainjava | 1 13 28:54.1 classDeclaration
28:54.1 123 351 28:54.1 Mainjava | 2 | 12 28:54.1 methodDeclaration
28:54.2 159 363 28:54.2 Mainjava | 2 | 21 28:54.2 | expression
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Fig. 2 Proposed method[9]

FHHEZEE ISR RIS B 2 ERNE T 4 AT LA LR
Bz, X:121, Y:313) & LCHRERSNICH 5%,
B - AT /AT Y 2 — VIS ERE A ORI E e v — 2
a—FEAHNE LTZIWD, Y—Ra—FZ{el7 - 5%
= (Main.java, 17:1, 5:13) ¥ L THIREH 135, ok
X AT HIFEEDS Y —Ra— FOHEEF I CE R
L, X clEohMBIRED /- Fextive e 5.
F7z, FUHRE, CFISHS 286 L2 iEmE 1 oehis
5. BEUOR/BAEEEY 2 — M E R — DR L 721
XARE, T - FIHAL OB 2 ZFELD, fisL/ — RH
NMOBIREEN Z T 5. =3 DT RN DS
Ficlk, Y—Ra—FHoOEHEONELRTIT - 5IEKS
C, XFH, BXUOZOHEOMXEENEENS. MY
KBS S EY 2 — 3T - FIBBICE RS - e
B2 SURMTE RO ) — RDREOAT - HI%ES & i infir
T5ZeT, HEBEIEMESOR ED ) — REICENS .
REFHE Python THEEL, FEERAM OHEE 2 &
17 - AFES 2T 2 B - 7/ EBEY 2 -1 D
FIY LT iTrace Z W7z, “BiSOR/MMEEEY 2 —
V7 DEENIE A — T VY — A D parser generator TH 3,
ANTLR*®2ZHW, MHREFEE Java™ & L7z, Java DS D
SEIZOVWTHMNIET 28— 2 HWE Z L TEED 1
79 IV ERBTHREINEY — 2 a— RITHT 21K
et TE 5. £/, aWefbhs 2720l NoiE
FEEL 7.

o V—Za— F g E % a1k

o MiSURDE / — NICIEMKRZ A5 L, Graphviz 230

J63 31 (PNG, PDF, EPS, SVG &2 ¥) THiH

# 112X 1(a) DR EN 2R R T E FHWTEH L7264
ZRT. ROBITIIHROIEE LI HEEICMIET 2/ — K

I

I

*2 https://www.antlr.org
*3  https://github.com/antlr/grammars-
v4/tree/master/java/java
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1 HXEHE V7= E o 6l

Table 1 Eye movement output with syntax information

ID | ®EBIEE | SR E)

1 24:54.1 | main XY v F / for 3 / #IHAL / i

2 24:54.1 | main XY v F / for 32 / %M / i

3 24:54.2 | main XY v ¥ / for 3¢ / 2t/ ++

4 24:54.2 | main XY v K /for X / 7B v /sum

public class Main {
static int[] coin = {1, 5, 10, 50,
100, 500};

public static void main(String arg[]) {
int x = 70;

int r = methodl(x, 5);

System.out.printf("%d\n", r);
}

static int methodl(int x, int i) {

if(x == @)
return 1;

else if(x < @)
return 0;

else if(i < @)
return 0;

else {
return methodl(x-coin[i], i)
+ methodl(x, i-1);
}
}
¥

3: Task 13 DY —RXa—F
Fig. 3 Source code of Task 13
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AR LU 7#OROFIE 2K 3, K41TR3. ORI
methodl XY v FOESHIIHMET 5/ — F (methodDec-
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methodDeclaration
typeTypeOrVoid @ formalParameters
typeType ° formalParameterList o

primitiveType formalParameter ’ formalParameter
@ typeType variableDeclaratorld typeType variableDeclaratorld
primitiveType

primitiveType °

expression e expression

methodBody
° blockStatement °

° expression o @ expression °

° @ integerLiteral
integerLiteral o

[ 4: Task 13 DHESIR
Fig. 4 Syntax tree of Task 13

laration) A FDAZRL, 2 2HDIf X (K3 D 1717H) XL
FEZHIBR L TV 5. 4DE /) —RIY—Ra—F Lol
mrRL, Ao/ —Ni3F/ — NOET M LoEHEY
=73, flz2X, £Az®H % 7 — F (formalParameter) &[] 3
D 131THIZH % 2 DDOHEE (int, x) > HIEK I L5515
2L, 1317TH® methodl X Y v F (methodDeclaration)

—HTH 5. REFRIEREE 228 R 0D 5 HEE
&, 17 -0k S, BIXUHEPET IM LOERETE
HAGDEERICEIR ST 2. XD MO CERDER
zELZeT, FlZX, K3 o 1517H 145HIC 3 246
e, UNORLRIKNETHRZS I EHBTES.

o HIFE “17 1203 2 AR

o return SITXNS B AR

o if STITHT 5 HHR

e methodl X Y v FIZXF3 % i

e Main 7 7 ZITH5 2 filiR

MEFEEWHCRD / — FIcH3 288 L THER
BeRB T2 T, Y—Ra— FORRMERT +—
<y MCXBZEWEZERDIRS. $, SR ER LR
EORET 7Ry 7R XY v K, 77 2ADMERE ETE
e LTI 570, ZHENICEL TERRZHET
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W D2 — 2T 2 Z e ZAREICT 5. Bl
13 MethodDeclaration(X ¥ v FEEF) % MethodBody (X
Vv RAIK), MethodCall (XY v FIFUHIL) ZET 2
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RHPEDEHRERYZ b LTRET 22T, HED
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4. HE&

HAGE L Java TELib SNz 71 275 LG8 2 B 1T
RL, WHANRZHES 2 HOBMZEHIT 2. 84
IRBLEGFHEMAROEA 14 N T, g 19 %5
21 %, ®EM Javall k2707 I v 7 OERHELZ
HWEATDS.

4.1 EBERCZZY

FEERIIWERE | B ERE 2 B DADE DI RERE
THEMT 5. ERICHHAT 201X, HRTHIEEE, 227
$ERH PC, i PC TH 5. HFREHANCIZ Tobii #%
tobii Eye Tracker 4C ZH\W\ 5.
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* 2 FERICHH L2 RS

& 3: ST CTHIW 2 SO

Table 3 Syntax types in the analysis

MR B
blockStatement | ZHDEF & #HIL
classBodyDeclaration | 74 =)L K& XY v ROEF
forCond | for MZ&fF5
forInit | for OFIHILR
forProcess | for 71 v Z7IZJ&83 % statement
forStm HEE for
forUpdate | for ®Z (kX

formalParameterList

AV FOREIEK

Table 2 Experiment tasks

R Ak
1 | Factorial FER DA
2 | SearchMax KB R
3 PrimeNum FRCHIE
4 SearchMedian FRLERRER
5 Power REER
6 | Swap 2 DORED ANE R
7 | Substring T8 D XFH % e HIE
8 | ReverseString PEZ NI IRE R
9 | TowerOfHanoi N A DIE
10 | NumOfRoute TR B R 2
11 | Permutation gz % 425128 %
12 | Combination MHAEDEEWLR > HKkD 5
13 | PayMoney XIS HEOMABRDLEERD B
14 | StrCombination | XFF|DAAEDLEZRKRD B
15 | CloudSim EZOBEIal—>ay
16 | lem_ged BANNERE BRI E KD %

RAZIWHE 1 ANCOE 16 MES5 2%, EBRAICHE
FR U T2 R 2 27 R — L% N TR 12 HARGE CRtiR X
Ni=ra 77 s0kke, XH3 % JavadY —2a—F
1 DZRT 5. BX A7 TREEREIC T 025 D4
LYy —2a— Rz, "64THD 2 B HICFEIT X Nk
DaDEEEZTLEIWVWDESIZ, V—RXa—FoF)
R TETWA DR T 27D EMETRT 5. #
BB IZ 2 A 7 BRI D& D5 5 - 7R CIHISATA]
BT L. MENEPEMCHRELZME L —R/ LT
V—2a— FOEEEHEML TWE EART. HER—HK
L, SRR 2 E U256, BifERERL Tk
W ART. AEOIFEFIIHRE ICER RV, AERTIE
a2y 7 2T 2RO FRE OHEGEHHITE 5
212, ZRAZOHGE L HIRKEZHRE T 2. 227D
AR IIRESE Y S EEr Zh PN S HFHET 5. K
HEHE X main XY v FOAPSRD, 1EDEDIELX
REMRIE TR SN BRI ES  Bbh by —2a—
REMEHT 2. S#ZEIIERX Y v FOFHC RS
ERD, HIBRRERE LA T O BREDYHE L v & AR T & 2 105
Y —2a—FREMERAT 2. HIRREREIKEE S O #IC
FT, OB EOMIIAT A TH S I BT iH
BT X > THERL, 27300 L. 7, 22T %
R T 2IEF L, HFHIREZR LAY VX —NTF V2%
179. X2IXEXRAIZD—EZRT

4.2 o

R A7 CTIVER U 7= el DR T — X R IR EF R W
TS 5. ATE 0 2RO EHL T4
HE 2 EROBEGREEHL 2T 22012, &M
FICH T 2 EREIG 2 RD, XA 7 ZIEMRLUI-HBRER
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ifCond | if D5efFa
ifProcess | if 780y ZIZJE83 % statement
ifStm | HiFE if, else
indent | £ 7> (%[, X7)
newLine | Z%{T
printStm | print X, println 3
space | HighL HEEEHET 52¢H
statement | fRA, XYV v FIEXH L, return X
typeDeclaration | 77 AEHE
whileCond | while D55
whileProcess | while 7’0 v 72T % statement
whileStm | Hi3E while
) while 780y ZIZJEF %57+
whileUpdate

F 72137 % E1p statement

RIEROWSHRERZ LT 2. XA 27 LTIRRLEZY —
A a— R 2B E 2 IR R TR X DR CEZRI
RoV¥rII 5,

ANTLR 2ERT 2 8— & Java DY — 2 a2 — RIiZxf
LT 105 Ao XEE (B —F) 2o d 2 HeE (1
FE/—R) BHNT S, EBETHWRZZAZIEZD55 41
FOEK ) — FEEATWVS. RO CILEHIEES &
XHN OB ENCEH T 208K, — FE2£ 3 I1TRT
21 EICEERT 2. FERICL - THIRR X - MCEED
B/ — RICHEE ) — RS L C0eGd, B/ — K
W — RICHEFE S AVERRFE S8 — B h 3.
X 5\ E R U SO D CHERIR R 2 i SORIc 2%
BHLUEHERT. &/ — RO 1ITHIEEK , — RO, 2
THIZ — Ricx s 2 BEERE, 31THIE, — FHGERC
W R IEMEIEB DGR e =k ) 2R, B —
R OEMRR RN F 2 — Ricxoh 5 2R 2 2 720 RUICER
I,

5. FRCEE

224 (AN X 16 ZRY) OTRT T LBFEXRT D
55, FHHERZENFEA U 24 % BTz 200 182 ST4RIC
IHTEITo72. K617 v 2T LAFRR X7 ICIEMR L 728
B © RIERRTS o 7 S ORI 2 ¢ o R R o
EERT. REPEREDNE R A7 1CBWTEH L-HEA
DIEMRRERE D 5 B BRI 3§ 2 TR O % &
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typeDeclaration
public class Main {}
0.00s 0. 00%

classBodyDeclaration
static int[] coin = {1, 5, 10, 50,
100, 500} ;

classBodyDeclaration
static int method1() {}

4.77s 12.23% 0.83s 2.13%
. v
classBodyDeclaration
public static void main() {} formalParameterList ifStm
0.85s 2.18% int x, int i if else
1.65s 4.23% 0.00s 0.00%
A 4
formalParameterList blockStatement ifCond ifProcess iStm
String argl] int r = method! (x, 5); x == 0) return 1: if else
0.97s 2. 49% 2.96s 7. 59% 0. 41s 1.05% 3.41s 8,75% 0.90s 2. 31%
blockStatement printStm
int x =70; System. out. printf (“%d¥n”, r);
0.06s 0.15% 1.89s 4.85%
ifCond ifProcess ifStm
(x < 0) return 0; if else
0.45s 1.15% 4.10s 10.52% 0.84s 2.15%

ifProcess
return 0;
2.81s 7.21%

ifCond
(i <0)
0.90s 2.31%

ifPrﬁeocs
0.22s 0.56%
ifP

rocess
return method! (x-coin[il, i)
+ method1 (x, i-1);
10.97s 28.14%

5: MESCEER T L O TR

Fig. 5 Fixation time for each syntax element

T, EEA QTR = ORI E v, BT
4.2 HICHA L MR 2T o2z 21 D 5 5, THOE
BBEVLEN 14 BFE2FRR L, TN ORESEE % Z Ofth
LLTWVW3. Effr REMROVNTNDEETD space (HFE
FIDZEH) & blockStatement (ZHDEF & WIHAL) 122
nZzN 16.9%, 10.5-10.9%% b o & dZ S OHIHIEE o
TWVWED, 2O TEIZALNR W, space (X3 2 ikt
HEPREVHEBEL LT, Y—2a—FhoXFIRED 3
HENPKEWZ eNETFONDE. TrT7 T ABRICIERL
7= & & DRI ENZ forlnit (for DFIHALR), forProcess
(for 71 v ZNDX), ifCond Gf D), ifProcess (if
71w ZHNDX), whileProcess (while 7’2 v 7 ADX) 12
T BFEHDEENZN—TT, NEMRD L T DHEMREE)
1% classBodyDeclaration (7 4 =)L K& XY v ROEF),
formalParameterList (XY v FDR5#0), printStm (print
) T EEFEROEENZ . ZDSH B, ifCond (IEfE
7.8%, FIFf#5.6%), formalParameterList (IEf# 0.8%,
1Efi# 3.4%), printStm (IEfi# 3.8%, FIEf# 6.3%) TIEfEe
NIEROVIMEICERERFE (p < 0.05, t BUE) DR 6.

IEfRL7-HRE DS L D2 BB LB ERITVINDS
7ur7 AOBHEEHIE T 2HIE X 2 DUEANETDH
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0 20 40 60 80 100
EREE(%)

B blockStatement B ifCond W statement

B classBodyDeclaration B ifProcess MWW whileCond

== forlnit newline &= whileProcess

222 forProcess
''''''''''' formalParameterList

6: BRSNS 2 FEROEIE

Fig. 6 Fixation ratio to each syntax type

printStm
space

whileUpdate
Z DAty

b, ERENSZY —Ra— o ZOUENEZ RS %
RAZIZBVWTIERERRBERTH - -lfEE»rH 5. —F
T, TEMOBIREN LD ZEFH UM CERIII IR
HERAY v FORG I SR ORREIT S print X
ThHY, WHIHT 2 AN D OBBRADOEHZRE L
TW53.

K2, 1 DDRAZITBY B1EM/ FIEMB OEHEES
DRI DODVWTL#RZITS. AUEMYXERTH XTI
oTTu 7 2RO IERICNT 2 EEENRL 27
B, XA T ICEREGEIE T e EZONS. K
3 RL Task 13 DY —2a— RZ6iTHTHEEL -
BEICRIBEEOMHAGDODERERDZ T 05 LTH
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£ 4: methodl OKERIIN T 2 HHENES

Table 4 Fixation ratio to each syntax type in methodl

17 BHR | a—-F IEfE | RIEfg
14 ifCond | x ==0 3.2% 5.2%
15 | ifProcess | return 1 9.9% 5.7%
17 ifCond | <0 1.4% 4.3%
18 | ifProcess | return O 3.8% 2.6%
20 ifCond | ¢ <0 2.1% 2.3%
21 | ifProcess | return 0 5.1% 1.4%
24 | ifProcess | return methodl(...) ... | 14.2% | 11.5%

%. Task 13 Tl& 4 NDHERE BT, 10 AHk
WL 7. 71Z Task 13 IZB1) % IEMfFE & N IEfE O
B oEfREoBEZRY. ER/ RNEFEOVWTAT
% return IZHY T % ifProcess X coin ELFIDE E % &
Tp classBodyDeclaration, space {233 2 {EHRDE| G K
B, RRVITIEMR L 7050 O SIS Y E OIS CE R
& ifProcess (1Ef# 22.0%, AIEf# 14.7%), indent (IFfi#
5.2%, FIEfE0.9%) 7207—7T, PIEMROHERE DTESR
HEDE O E T space (IEME 21.7%, RIEfR 26.2%),
ifCond (IEfi# 4.8%, AIEf# 9.5%), formalParameterList
(Ef# 2.9%, RIEM58%) 2oz, 2D 5%, ifCond &
space CIEfE & NIEMROFEEICEERZE (p < 0.05, t 1%
E) RSN,

KRR DT 07T 5iE methodl DFIFFEFSCH LIZEK -
TEH o IS NI R 2 EOMAG DEOEE
K& 3. methodl ® 1 DHODGIHDIEEREE, 2 OHDS]
B3 coin LAl (K3 217H) OBERMBMEZRL, 24
THTHRMICIEESHED SRR OME S ZE L 72
BTN FTA2MEOHE L GBI x-coinfi], ) &, HEOHE
KAEZ 128 LML GBI x, i-1) 2175
RAZIZIER U 7988 O EMHEFE DK Z W ifProcess 1%
15,18,21,24-25 fTHICRGE L TE D, Wihd SHERES
HLo5IBICHESWTHEDHAGDEE L TAY Y T
2043 27D OEEREFRTEEZ HbND. KINIRIE
R DHERE D IFHEIEHE FITRK Z W ifCond 1 14,17,20
TTHOZEMERCIET 5. H4x DBERITOWTIEMR & RIE
FROFHEI G Z LT % & (£ 4) IEROWRRE I 5
ifCond ¥ ifProcess {Z¥f L T ifProcess {233 2 E| &5
<, PIEMBOHERE XFRRE D ifCond 12X 3 2 EE D
V. flx DR AT ONE & HEXCERITHT 2 EHEIE O
RIZOVTIE, SHOMETHLLICTERENDHS. %
7z, space TIEfRE NIEROFEEEICHRERAZD R 507
My LT, EROWEBREITY —RXa— FOHFICEEY
TP L TR T 2 —4T, TEROEHREIZY —X
a— RRREERINGGHATED, Y—Ra— RHDLF
ICHD B EE DK E W space IS T BTN Z - E X
bh5.
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TIERR
Ef2
20 40 6
EREIE(%)
B blockStatement —  wans ifProcess B8®  printStm
B classBodyDeclaration B ifStm @R space
E== formalParameterList BN indent @@ typeDeclaration
229 ifCond === newline

7: Task 13 1281 2 SN T 2 EHOE &
Fig. 7 Fixation ratio to each syntax type in Task13

6. BEBHOHIC

ARETIET 4 A7V A ORI CRigk Iz 7 e
Z LRI OB EN Z M SOR D 2 — RT3 2 BREICE
BT 2 FEEHACT, 7027 LHEX 271281 3R
BEIZ O L. FE UREHERE L L Java DY — R
a— F OB Z FRR3 2 EERTE H 7z 200 DR
BEIOT — X2 MR, WXERI L OIEHRHOEE %
ki, EBOMRE, BihzY—Ra—FENRr LS
07T ARZ A7 CBT B FEHE S ORI e UTIEML
TR A7 TR OFRHRXEERICEL, XYy FORTIEK
Eoprint XEARICDRSATVWE, £z, AR EDH
MR 2227 12B0TURIE XOFRMAED & if XNDLE &
DZ L ATW, AREOERIE T v o 2RO
FROD 7= DICEBE R ELROMICERYH 2 Z v ZRE L
TEY, SHOMATHREBERCREDMCERLEHT
X5 RT B TTRY T LR IRTE 2 0HHE
TEIREND .

ARETIT o 7 WIS RESCE RIS T 2 R & 1IE R
S ARIEEROWBRE M TR T 272012, 4B TRLIER
WCHEDWT B ORSCEZICEN L. — TV —Ra—
R &2 3 2 S GBI UK ETEBOEE L MG %
CENTES. FIZIE, M3IWCRLEY—Z2a—Fo 14
THIH 2 x 1T 2FHE 4 ITH2R» R xh 3
if T2 A LTHIREh 5. Fkkic, 1417H%
&irif 71 v 7% methodl IZHT 2457 L LT MR X
N5, FDi=h, HFEIIHT 2 EH ORI R CIERBULHE
e T 22 TOMIERICER L THEAZR, EHE
HOHEHPKEICR S, AR TEERL TREALRVWES
WEHEDOET 25 o8 b NMIOMLEZITHNT 2R
LCEtHEZITo 7. 51, BBOMSCEZIRTN T 2 HEHE
BOREMATEEEZEZRL, 2325 2 L3RR OERE LR
BTH5.

5 TR L7z Task 13 2B 2 EHROEEICBNT, §
HEEEFRONARPL 7DD, indent 12X T 2IEHROEE
HIEME (5.2%) T IERR (0.9%) TED A S M7z, indent 1&
BITOIEIRIC B DD AR—2 (L F > M) 2 LTE
FEIND. A VT Y POFESLCEIDNY —Ra— DA
RTXWEHZ ZEEIEHL AR INTED [12], [13],
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BEICBWTHIZEITHON TV S [14]. Task 13 DY —
Z2a—F (M3) Z22D XYy F (main, methodl) 7»
5720, methodl 1 if-elseif-else X & FIRFENH L2 &5 4
maEnsd, hoxz 7 gL T ErE R Ta s 5
LTHD. KEBROERIX Task 13 DY —2a—F#IEL
QHHR L 7-WBRE D 70 77 A 2ROREICE B L72BRIC
A4 VTV MERPICHMER Lz Z e 2R L TV 3 ATRENE
WBH2d. ZRA7 T OIERR/ TIERRY — R 3 — N OFRHH
WWED W EHEIE OFMR M IESBROBETH 5.
BIEE  ARBFZEIE JSPS B E JP21K 11842 DB E 321}
72bDTT.
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