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Abstract: To depict, understand, evaluate, predict, control, manage or enhance software-related artifacts, researchers and practitioners
often rely on empirical methods. Empirical methods have been widely used in software engineering, and they are attracting increasing
attention over the years. By conducting a systematic mapping, this paper aims to provide a literature survey of 250 papers published in a
typical journal—Empirical Software Engineering, from January 2013 to June 2017. With qualitative and quantitative analysis, this survey
reveals the commonly used empirical research methods, research purposes, and the application of the methods in subfields of software
engineering, including the solved problems and some new features. The findings also cover the use of open source projects, data source,
data collection methods and commonly used mathematical statistics methods. Finally, this paper illustrates validity threats and discusses

the future work, opportunity and some open issues of empirical research in the era of big data.
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LB HIF 9T J7 72 (empirical research method, W3¢ Jy SIS0 7 i) EM FE 22 . BE24 . OV BR2E DL KAk &R 2445
HAb AT 2 8] T2 W M. 1986 4F,Basili % NP4 26 7 1A 5 NEAE TRE IR T A TRE K5
0 5T MU 22 56 B T F (empirical software engineering)fF 24 41 LRE ) 1 41T 46 52 B 96 7E.10 4K J5,1996
4, Basili % A\PE— 55 2508 SCR A R T 30 0F TR 22 RHE by 528 24 R (9 42 J7.2005 4 Kitchenham %5 A4 H
TR TR B TR, JC R 45 T R GESCIR SR (977 1% AL 4K, )L T- DT 5 ICSE,ESEC/FSE Hl EMSE 45 J4j 11|
HA W [ SIS 38 3012016 4F, 75 25 [ B4 T 28 /0 ICSE(Int’l Conf. of Software Engineering) b, %52
o EAT AR S R SO A RE TR S0 32 B, R R

B A 28 I 7 V5 ) V2 N 8 BT 0 52 B R AU )12 DG R B 2 1 s IR T U TR e A B R
TR, T LA & (CCRY R TR B B or T &M TRE22 41,91 T 2016 58 T R T4k
P TR AR 58— AR PR 5 L) ABL g I ) i, 28 560 4F 90t 52 38— 8 B < 0 5, P 0 SRR 1T I £ ) 8T, S e 2 06 %
/DA — 2 WK R T 4 S B 6 Empirical Reseach [FIfERE, B s il 2L 20 W01, 45 HH & 2 — Fh EL Be gl ]
B R0 1SR B SRR MR R B A R AR AR A R A R T S BRI 5T T v R R R AR AR B E R .
TR AT AT TR AU, BT 5038 ATAT A SR G 30 0T 0 5 VE R AT 4 1r) R 251 FH T WO £ HH 1 22 36 AT 50 J5 VR 71K
G VEAE SR LR 5 AN U I A FH R 75 A7 0 A S 3 1 2SI 0 B L G 4 S 2 AR U B B R G 2
B 5 T Y5 A DX R ALAT , T U B0 70 28 50 WF 0 vh T oy D461 Al S ke jB g 24 22 /b i 5ok Bl S 119 B8 2 4612
UG AT ] LA D S I ST TR, R AR B T T SUE A4 L2 R A 1] L (R A IR
AR AR 22 36 S8 R BIAR EAT — A0k R GE IR TR, AT 2k D 5 B A7 ARASE P i T 28 36 BT 50 U 9 42
e ).

ZURE T G R 28 1 A 1) 82 SCFE IS ATk 3 1) 0. 2% 12 38 H 15 A7 1E K (19 2300 9018 S04 HUAE AN [J) 7
v 1) ST 3 DA — — 48 B 3 A (8] I, H T3S ANAE AR — A b v n] DU M F € — 18 SO R A IR B S8 S0 (IR
T 5% ICSE 2016 MR SCHEAT hrid, IKIAS [N 52 bR 1 45 SR I AN —F0). Basili 55 ATE 1996 61 Ip 1 2 56 #4F
THE2 AT (Empirical Software Engineering) (ESE)E 4 — &l 6 £ 36 58 1 A TRE ), e A AR 3 k.
ZIAT 20 ZEMILRET 802 Fi 18 3C(HHh kKI5 ESE HATIE M http://link.springer.com/journal/10664), U1 1
Fras AT BLE H,2013 42 5, i S B PG ETHE #2016 45, ESE HE AR AT JCR Quartile 1(Q1)4)
X, FL52 W K F (journal impact factor)i& %l 3.275,7F Computer Science,Software Engineering JSH|H [ HEA Ky
7/106. 4 3, AT T ESE 7E 2013 4 1 H~2017 4F 6 H 3k 250 518 30, /E A S50 3R TR 18 30, 0 Hgt
AT 43 B TR, L)L HAAS 31— 26 5 PR 8 5 18 43 BT 500, D4 R4 TR I IR 28 R 52 e 3 O et T AR R 2% 3 48 0 T A
AR B
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Fig.1 From 1996 to 2016 the number of ESE journal articles per year
1 1996 £~2016 - H) ESE T &R i) 30 & 4
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AT BT R E— 18 38 5 1 XA SCHEAT R 4.
1 #REER

R TR I A U (R B SR N S G M gk AT 8 30 B 9, A SO H DA T T ) 8 (research question).
o WEFLMIE AT IR S REAR NG . DG 1 A DL R RS R T A R B R LT R T )/
A2

ZEI0 WA AR SR S0 o] A R B 5 T 00 I T RO R A ) — b T vk, RIS PH £ B8 i 9 O ok R A
b AT R e 0 S T ) FE AR O CE R R T RO FE R R R A B B AN A B X ESE 8 SCH AT,
KT 2250 B A AR L AR DGR I A RS R 3 B (R R A TR T 40 s DA % % AUk P 19F 9 135 R, 43 AT R TR AEAE
ST 3 5

o WHTMIE 2.5 H A IS 7 1 G I ST ST B A W6 28 K LA B AN 7 908 458 FH 1% 0 an 4] 2

BPE TR AISE (0 28 AT T8 5 VR A WIS L8 9 5 4K 1 TRE 45 AN U2 15 #8173 e 1R 2 30 T 1k 2k 1
ARG I AT TR ST E R 248 A 0 ] 25 15 A2 TR U 3 PR 2 T A AR AL H 3 5

o RS 3: KA TG I ILh BRI . BRI T B Bl b ik S AU o i TR 24

ALY

SCIHR[ 7] 5 AR s A 7] P 22 56 SHEmes 26t T AS [R]  3tis Wie 4 07 ORI 00l Ak B0 SR s B o TR X 19 )32 I Y 58l
FEHTEEAR I P R R« Github 88T I H FB4 7 & KK & TR A DR RAT, 50 T RR b 1) 48 B F 5 70 2000 11
SR Ak B 7 10 2 T R IUR I EAS?

Jg U, FRATT A A (12 15 100 B 0 19 SR U8 FR R U T E R TV 350 B Ty A e 2 g R VR I E A L2
2B T A T RR MR AL Ty T I S 2R A IR I /A9 K 1 1 0 A 2 28 B I 5 I ) R SR A U
R 2 2 56 T 5 g i FH R B G v 2 5 B 4 B T R A £

o BTN 4: 2 UG HIE SN B X 2R B0 A ST AT A PR v B ) R DG 15 L T2

XA )85 VE H AR AF TR 2 500 5T i 90 38 00 2 30 Wt 58 A 2801 R mT J BT (9 DA G0 RE L SE R
XTI AT B & A R (validity) 2 5 A 7820 A IR JE e T 5045 18 148 280 R E 4 A4 2008 6 288 ) 1)
AR T A 5 27

(] I, 22 56 B A 5 2 75 02 AT B2 0] 75 m] 0 28 = 07 IO U E RS K T ] I 9] (possibility of
replication)?q £ /> HFSL AL T A H I R S 2 %R 2

2 WRAE

b T A A TR AU AT 5 K S 1) 28 B W 900 S, Bt D K M DL —— 3 3 b 81 i LA R FH 3R 46 Sk
233K (systematic literature review,f&j FK SLR)Jy 1 [ Ik, A SC R BT AR 9% ol L5 g 52, VL3 45 % FH W S T 5
(systematic mapping)FIHE S B 5% (scoping) (4 75 11V e S AIF 5% 3 FH g B — 2SI 90 8 2R ff o Vi FBL 10 A0, LA 75 38
)22 AR R T 7K SRS  ZKT FAT T . TR b, R AT e i 6 R 5 1) WIS AT ORI S 7 1 v B T
F 2 3 AT 56— 0 SR R T R AT A SC TR AIE. A b, B AT S P o O A 2 9 R 8 S, i S R A
ESE AT SCE (A 2013 4E 1 FH~2017 4E 6 H) G B T,
o ESE A 4 2006 A TR 7 8 R s S0 ), 4 v R 06 7 v A SR TR AT 1 N P, L 9 N I R T
T RE AN AR, AT 55 w8 I RIE ST (R e 0 B N — 2 FE2 b S e 6 30 3 TR (A 1k
o ESE WITIH AR 20 4£ T, B:4E A 6 0], K870 SCRER IR A8 30 T1~40 U1 /2 A7 ESE A8 80 T RE A 5% i [A]
T L, 05— H AT BT 51HIER &5 (journal citation report) ¥ Q1 X &34 Q2 [X.
o RHEIE 1 MGETFEUE, 2013 4 )T, SCE A AR P RATTIEHR T 2013 4F 1 A~2017 4 6 AL 250
RS TSR I 5 F LR LR MRS 5.
AR T ERE RE i 2 o,
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Fig.2

Process of using the research method and forming the data extraction table
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B0 b BADN AR SCE AT T 0L R T WIS ISR . e A RS R R AT

WFFTSCEE, eV — 3 250 e A 08 i T A i A e v 17 40 RO Bl 4 AR IR AR e 2 Bl 4 R
o A 2 DURAEJGUG SCE R B HLAE HORE 6 S0
o 3P RMHTAYEMER.
o 4 DA BIREGISCR I Bl Ja AT 20
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IR R 2 D~ 5 0 200 ) B 2 INIEARUR T8 e 24 18008 10 238 36 1.

Table 1 Data extraction table

Fz1 BIRWTER
g3l NS o Ras
3SRV ) 5 BRI T2 A% B, BA K H R E
CE AR SCHE b A
YE#H YE# W44
EE7CLSTTRIN ok BTt AR i oA o4
HF 5 AT oA o TR B o TR o nE Zik
oA TR ) o DAL SE B o) TRA Y ol
HIF 5 Z: I SWEBOK [~ 135 81, 75 ¢ 150 11 458 2 b 404 SURH 000 A
0% #5256 (controlled experiment) o#ff 525 (quasi experiment) oZ B 5T (case study)
] of LA 5T (replication research)  ofjj B 52 (simulation oifl & 5T (surve .
A 2E% 75 vk Diﬁi}iﬁi&ilitﬂrature review) : oR4 E%ﬁfﬂ(ﬂ)f’ﬁ(systerf‘latic mapping) ( B 2k
ok 250 5 (pilot study) 0Z 40 RS 38 (systematic literature review) oAl
SCEWFCH M off B PERT ST oR R MR o AREHIE o HAfh Zik
o N o LIkITH oJFIEIH o TR R A 4 .
BRRE R oIKEE ot P
Holls RAETF B ol B (E B oV k5 & oMERER  oAREd ok ol Zik
HhcH Ak SRR 53 B S R FTAT A BRSO 1) vk
A0 H 44 R f CH ESCE P TA A H SR RS TR
O3 BT 4 AL 1 R FESCF AW e A A IR R
OV AT HE B AT RN Iy
S BT o $& BIF5 Rk )b (3 45 weakness,disadvantage,limitation %5 ]) ok HLik
oIEAT T A R4 #r A R Sy ESH
oZ AN oA of B AL oI H
o it F LA, 4 S50 ml 2 B S 1) F IR TR U R AT R M L
OFR AL R/ ) 4 1) i /B 2, 5l £ IR (1) U ST B R
MR | o R EE R U ¥ 9 ik O Z T FRVRAE 5 r vy LA 1) 7 B 5 U ik
o Rl LA [a) SCEE AR R B LU o WA ) B H AN BE SR U
o VAT H BB 1) T BRI o HiAth
o RIFHHTHS 6 25 HHE A SO BRI 2 S 3R AR 10 SCHUE.
o BT RS T A B
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ASCHLIEFE 90 25 ESE PRI SCREREATIR L. T ORUE B0 WO AR 1 2 MUk, A SCRE PR 2R 2 A3 L 28 3 4R
S5 B R 53 ) (5] T 0 A S5 A0 47 S 0 R 5 T 4 5 R AT BT T SR A TR N AN (), 0 el AR AR — i
IRl 2 XA 7 VR AT AR SR 2 AT 2 U O 5 BT AT (0 K i SR AZE X6 S, 1K E s SR AT ST R
YT AN ) R R OB L e v R 3 A A A 1 T AR R AR IR T T S

W 1 PR B R LR SAUE 4> 22 07,2 % T 1EEE v L2 508 K AT R AE TR AR R 2 3 R
(guide to the software engineering body of knowledge version 3.0,fii#k SWEBOK)!' ¥k 1 TRERF R XI2> h 12
AFAUIR, 53 ) 2 B A 77 3K (software requirement) {15 v (software design) K fF 44 i (software construction).
A AR (software  testing) « B 4E I (software maintenance) < K 4 it & & P (software configuration
management). K1 LFE4 #l(software engineering management). 1 17214 F2 (software engineering process).
A T REAR TR )5 15 (software engineering models and methods). 4% i #: (software quality). &% 4F T REERMb 512
i (software engineering professional practice). K T.F£4 5 24 (software engineering economics). 4144 3t LL J| Wr
WFE T 4008 1) 3C 58, U9 0 FLAR S, 2 ) Pl A AR 3 051 1 78 . 2 8R4 RO AN 23 28 B T RE AF 9 A T e ] Fsf
i 22 A1 U AN, SCER (12080 SUAE 2 75 SRS 10 32 B ot ik & M 2 — IR 58 48 P, 30 e SIE R0 B T P i S A
ISR 7R 28 1 AR P SWEBOK, W 5T P9 2535 M 75 3K J Y (requirement  specification) ! 43 2 4k £ 75 3Kk, [7] I A 5%
P00 S T 15 SR (software  quality requirement) il 43 B #0058 3X PP AT SCAEATAr] — B 43288 vp 4 2 i LLgE
H . 2% T SWEBOK HRE TR AU I 1 R 5 76 1) 58 S8 I 5 152 1 S R4 2 3R BT 10 SCIRAE 0135 .

X T 3CEASEH W0 R, A TR A R T I R R ORI B AR S B R — I R B g
RN RREVE AR R VM R IR — % IR B A, FR O AR Z PRI A T U A 07 32 R A R (L5 S
Sk B, ik T RSPV HEARUE. ana HARET ST B F5,05  HAR S, 525 H 3.

X T SCEAY W 22 56 5 ik, BT R AR 18 SCAE 8 75 RR (RIS 5 R AT 0 EORT A 0 38 48] S AT
W, AR IMAEE A BN A 07 A 2SI SR ZHI 0L, WE. fiEssls. JIH
G RPCEREGR . RAMINTRIT. WAHTI0. SCHRERR . an SRAT A AR5 28 1 G50 T ik, IR o F A 28, IR 45
H i .

H T T R A S B e A e L, HEAT 2 58 B R B SRR A DI L JFURIEE L TR
IR AR . DMV EUE L 526 S 0 H a0 AT FE At e SRR, AT VA A A AT 9T B R R T B M B ME R i
RAE R WEAFE . IR EE . TUAL I, A AR E R A T Be, AT VA4 oA R T T iR Z8 B Wi 5 70 Hai 1) 4
BN 53 A7 7 T, FRATV A BT 5 A S (0 HH Ak B RN 43 T 5 BT R DL BRI AE  B ge EbR 4 an
L B

FEG IR, 55— AN 4 52 I3 1 ) 02 A7 2801k BV AT 0k VP A 2 i 9T B AT i R ST s SR — oy K,
ARk T LGN 5l SR e IR R AN R SR R (RT S,

A A A B 5T P 7 2 A T, 20 0 e X RO A R e U B T L o R
WECA 2% 58 T W EILME, 03 ot 7 230 WF I AT (5 2. (R i, AR SCF T 250 5% ESE AT I 4 52 7 3 38 R4 s L
I 3 (http://t.beihangsoft.cn/lily/ch/index.html) 8 52 3 ¥, LLELIT 4T A &2 %

3 HR5UTE

FEIX R 73, I B SRR ORI 5 4 1) ESE IR SC R, B 148 vk 2 IF 2L T SCHR A0 45 2R I e 45
FORME Z TS 1R A0SR T 4128
3.1 MIREMLALEATIENXHBARFER. RENFTEEFEBUREZFR T RMEIIZOWPLN R B/ FRE?

3.1.1 2013 £E~2017 4EJi]) ESE 1T 18 SC A A4 5t

T 58, AT A I S M AR DL B 1 FATTT UG H,ESE TR R AR SCA 2013 4FHF4A, 8= f T
DR FBE 1R 38 0, A 39008 SC B i 8 3 P (s B rhoe 2 Db 5 )R D A0 5 B T IE ), 76 2016 4F 6 B EI T 19
(P45 (Special Section on Software Reverse Engineering) [ 6 i), )T LIS AATUELE 10 38 A4 b s
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Fig.3 From January 2013 to June 2017, the number of articles per issue in the ESE journal
K3 2013 4 1 J1~2017 4 6 JJ,ESE I FI4EI () S0 5 A
Table 2 Number of articles on the special issues of ESE journal from January 2013 to June 2017
F2 20134 1 H~2017 4 6 H,ESE T4 il 1) 3¢ 7 K
I 1) S L EE/ LR
201304 Program comprehension 5/5
201306 Predictive models, search-based software engineering 5/5
201310 Reverse engineering 5/5
201312 Mining software repositories 5/5
201404 Replication 4/4
201410 Global software engineering, program comprehension, search-based software engineering 9/9
201504 Software maintenance and evolution 5/8
201510 Software maintenance and evolution research 6/6
201604 Mining software repositories, empirical evidence on software product line engineering 5/12
201606 Software reverse engineering 6/19
201608 Empirical evidence on software product line engineering 6/10
201610 Mining software repositories 5/9
201612 Search-based software engineering 3/9
201704 Research in search-based software engineering 3/9
201706 Software and systems traceability, mining software repositories, program comprehension 17/17

M 2 BT RIZR A BATTRT AT LA, B TR B0 0 TR TE IR a7 ) A R e B 3617 TR
BETHRIPA TR BRGSO AL . B = i e TR AR b 15 L T 4 Tk ek T

RO TR A CFEAZ 3 s ML BEAR,2 UG SR S . ) TR, 7 255
3.1.2 KU TIIEAE AR TR 5 AU i A8 A 0

IR FER, O T8 TR - U AR &1 43 07 195, K 02 2% SWEBOK! AR F T RE 43 Ay 12 AN 458,
AR SCEE I TR AT TR TR AN AR T 12 A 400 J0) ) 70 DA At 54U A X ESE SCHE HEAT 54U 73 26
I, — s SCE AT RERE & 1 ANEE AT UK A5 fn, SCRR [ 1S TR 5 4 o DA A ARy 3 LA I 8 4 7 1 S 1 AR 4
SWEBOK, A 4 7 S B i T 3 4 7 -5 0, SR 7 ik J TP T RE Rl e, IHE L 1] I Sl 5 2 A 4 7 R £

TR A A5 B AR ECR ).
ENSERIEYESHIRAY 20 PR’ & L W S R e

o WP RZTTN B K TR, H 80 Bi(Y 32%).0X 5 ESE WITIH 5 W19 TW S R H i

B 3 RN 1) TREAT 5.
o HUCRIKMFEFRANR,ZH 41 BN 16%).

o CHERHURBUDI AU L B TR R (4%) BRI (4%) . A TR TR (4%) . AL E

L (3%).

o WAL AU SR 4 5,50 ) SRR 16 D0 B AR R E LT STREAT T AR5 SRR [17]
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Fig.4 Number of articles in subfields of software engineering
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N T HE—B TR RS OE ST 10,3427 T SWEBOK HO6F T AT AU A i1 iR BT 1) 52 S A X
TSI T L R A B3R 3.

Table 3 Research subfields and research topics of ESE journal

2 3 ESE T30 5T 5 4 S 5 32

BT R R T em | XeRa A
o TR, R TR -
it G . FBARIE, FRIELS [20-26) 18/7%
— R R, UL Bt W Bt R b B SV )
i A i A T I A I T B o) % [27-30] S
B TR b b P Rl F bR (AP R03F Al < )
Wit SRS GRS SR, SCIEHE TR SRR [31-41] g%
T R RRT L. TABOR A R SRk . WA TR B TR :
BAFIR b BRRA BT GOWE A TR GE B TR TR | 42752 41/16%
- e ST YT == TN TN -
A BB AT B ELAR. 00 TR [53-63] 80/32%
P PR AT B PR LT o .
EEL I A B T I I ’
Wi TR TS PO Sl TP 0 R ) o o
(e TEUAL DR B A BRI R I 5 H s ’
RISRT WCPF L R F .k 5 (I R 5 7)< - "
g WP . i 0
iR AV TR, TR R TR o o
Ry OB RO TR 4 i B 0
— T2 2 BT IR B L P B T (R Bl I i) -
HemR WO I S P T TR B O B T B2 [93-101] 41/16%
P TR E T I W TR . BOPRH B Ak . o P e
l[”\ll/%ﬁf% [BX-SEPIV suR NIV dihE py N R T PP R R [102-110] 21/8%
ol AN IRIE . A MR AR R B
. KT TR MO . T f A NIZ .
ATy A EE S R NGRS B2 5 [111-117] 9/4%
P WA B M R T AT VP 1) %
R0 T, BRRIRE T4 TR F B A IREGE T L 6-18] 7%
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TAUH(Z % SEWBOK 7)) KA A i A W) A I ReAE PR AR PR ot PRIt P by i 1 s 1 22
AT SCHRALZ 15 WL T 4 O KR TR TR ARG PEIZH.3 T KR P B2 G K
BAF ey A W0 TTRE L 7 i A, th U WK S A T RER 2 R T T A I ST U5 Tk

32 AREE2ERAMERMRAZNZEAROFARBNEWLE REAESNHFRENERBR M@

321 A TR I 0Tk

FE 250 F SCEE AT 9 PR IR ST v A8, L3R 438,

o SRIGTHIRAE 145 RS PRBEAEH, 5 L 58%. 7 126 R SCRH T A2 s S0 U5 vk S A S ik s 56 Ty vk, 3L
T2 T IERERL A BE A g,

o FBUBTFTTTVE MR T IR A 86 Fai SCEE FH AR T, o L 35%. B0 TR R 1 ZE B/ 5T (case study) /&
el %o L 9 BRI P 2 A 1 R I R AT YR AR — R 220 g R LG T IR SR S 5 7 —
SR R IX 23 AN B, FAT A2 SR T URAR S R I AR AR SO FRATTIR S5 U2 A A RN
DAy B A A D VA Dy S 36 BIE 0 7 UL DAy S BT 545, SCRR (1 207t —sf A 0 A 23 138 18 33k
S H A HY B e B 5 R T TR AE 10 AN B SRR e v DA 2% T PR T S 3 7 R A
FOIWFFT B RE 10 A GG BEAT W FT A FRATIN 12 30 R A T S 56 7 VR AT BoR B IE.

o IR CBREHRVE A 21 F SCREAT T T OCHRZE IR, LE 8%, SCRR SRR VE & kT tH R (K 22 1 0F
H—Fh IR i(secondary study)!" 3L R SR TR 8 SR SRR U7 A 11 5L A8 R S
FUPF A 6 e .

o A 20 jICHEAEHIHAHITUE, H 8% M A UL — Al ok BTN 5 AH R IE B oK
ik LR R ARG A BERNAT B i AU A W A S A DR AT
Y AR N — RS SE B R A HR I AT H . Bevh s S, Bl . B R. A
ROVE 53 A A R A R A A Tk b AUSCR T T U A 10 45 45 T8 AR A U, AN A 18, AN BNk 2
AT, 1 AR D B e 1 — o T BOREAE T — 15T 18

o EIUMFFLIAIE 8 SR P S AE LTS L T S R 5 R SCE AT T R R S
5 /N T TR LS PR BT AT (BT A 251450, SCRR (126176 BEAT KR I TR A I 5T 2 R G REAT NN IR
AR T 7, A PR KRR 7 ) A ROV A AT AT Pk SCRR[ 1813t T — A I Bl e 3 350 7 008 S 1) SR
(SCAS), B J W —A> /N F 3 )R 5 DIt 12 SIS FRORS RN 22 A 3 0l SC A P 07 LS 6 75 0,
M DA S B AT S 56 PR 19 L.

Table 4 Empirical methods and usage quantity in ESE journal
R4 AE ESE WP I 22560 5 TORAE P Sk

i B LEHR WFFTIE 5 Ras
1 S ITVE 145 JEUHTE 5T 126 i by 52 428 S50, I Ak HE 5256
2 SRS 86 JEARHIE ST -
3 R ERIRVE 21 /TN L1 RS A ] R GE SCHR 25538 75 15%,6 i ST il ] R G i it 9% 5 ¥k
4 R IRES 20 JR AR -
5 IS 8 RS -
6 WA 5 AR T -
7 17 B Sz 3 JEUBIE ST -
8 JeAlh 1 = 1T EHF 5% (action research)

BAVRIL,BR T B0 4 B3R b 4 B3 LR 56 7 740 A 2 36 7 V08 1 s RIAT shidf 92 5 N Ak
SCRRIAH (125 % 34T IR o
SCHRZEIA T H 2005 4F Kitchenham $ 51 NG AFE TR 153 T V2 5GE . B 71X LI 21 558 S0 RLAR,

TR I ORTE B2 A T AN BRI 2 (ISR 4 50— 20 1), SCHR 2238 72 B Rk B T RE 4
WIHMaRITTiAEL —.

© PEBEBPHIFST  hip:/www, jos. org. cn



1430 Journal of Software k4% Vol.29, No.5, May 2018

M3 4 W LUE B 78 SR 0T 00, SRR T 98 i 2, SR BT SR 2 B WF SRR L, = o T SR R 95%.
ELAR U LT FTIR AT B AR ) 4 V7 R A I 50 H A B R AR T B SR AE 100 2 5 SCE v B
55 3.3.2 R AT BO. BATN N IX 3 Ry il AR H B2 R LI W 708 W AU E IR 107 150X 3 Bl IE4E 2013
HE~2017 £E19 250 K3 P AT ECANEL 5 R, o 3, B R B T B 3 O - R AR IR
W R 7770, W 2 2] G I 9 e I % SR 1K V.

- G THG e {5 T 5T ces@es HAFE
120%

100% »
80%

60%

LE I L

i [8]

Fig.5 Percentage trends of experiment, case study and survey
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Fig.6 Purpose of empirical research
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Fig.7 Trend of the proportion of data sources in empirical study
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Fig.9 Most commonly used open source platform
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Fig.10 Most commonly used ten open source projects
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Table 9 Empirical research methods and data collection methods

R9 KWHITIE S BHRAE T B

LEHR K ViR VAR B JIE iy g%
Mt 66 35 53 10 1
Sy 44 8 33 3 0

ESVETIS 16 21 16 7 1
UERR0] 15 11 5 1 1

RS 2 0 2 0 0

15 FLS G 1 0 1 0 0
oA 2 0 1 0 1

Table 10 Research subfileds and data collection methods
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Figures used in the empirical study
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A SO G v 7 AT T e, WK 11. Wilcoxon #1%. t K036 . Mann-Whitney #5677 24347 .
Kruskal-Wallis #0562 40 T B GEvH 775 WF 903 I 24 S 480X 28 07 3k, DU AE AT 50 0 i v e -5 3 ) B0 &8
WIREAT e AT
Table 11 Mathematical statistics methods used in empirical studies
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o WMFEAR
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Fig.12 Discussions on the effectiveness of threats in the 250 articles
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o BE 2 RWIHNGRE] T R AR BT VR IV n) A 2, B AA SCE B K A ST ST W] AR X S s R AT I
WFIL X R ICH N 5%,
o 33 R RRANHEE I H R HE, AT 52% L E R 3 K XK U EHERE.
o BB 4 SRR B T LTI, nT A T RATE T b SR R I AP A, SCHR[ 141758 WA 4 K SE R A
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Table 12 Considerations about possibility of replication
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2 2 PPV R/ ) 2 1) 1 5 41) 32, B 23R 1) Ji s 30 35 41 3% 13/5%
3 2 F2 (O S5 1) 19 129/52%
4 2 FE 22 i FRVRIE S Hhm AR 280 2 3 % 95 9/4%
5 =& AT DA ) 3C R AR R IR 3/1%
6 2 7 I A0 BE R i SR BRI 13/5%
7 w WA B R B A] SR ECRE 16/6%
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