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Analyzing Defect Correction Effort Using Defect Attributes
in a Multi-vendor Information System Development

TOMOKO MATSUMURA,t AKITO MONDEN,t SHUJI MORISAKI'
and KEN-1cHI MATSUMOTO?

This paper describes an empirical study to reveal factors influencing defect-correction effort
in software development. In the study we collected various attributes (metrics) of defects
found in a typical medium-scale, multi-vendor information system development project in
Japan over a six-month period. We then statistically analyzed the relationship between the
defects’ attributes and the correction effort. The analysis confirmed the well-known principal
“defects are the more expensive the later they are detected” by revealing that defects detected
in the “system test” were 4.88 times more expensive than those detected in the “coding/unit
test”. Another principal “defects are more expensive the longer they survive in software” was
also confirmed by revealing that defects, which survived two or more development phases, were
4.44 times more expensive than those detected immediately. We also identified other factors,
such as defect repeatability and severity, that had a significant influence on the correction
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effort.
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Table 1 A list of failure report items.
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Table 2 Statistics of defect correction effort (human-
hour).

oo oo 978

ooo 39
ooo 2.13
ooo 1
oooo 4.58
oo 20.96
ooo 0.08
ooo 92
oooo 25 0.75
ooo 50 1

75 2

oooooo

gooooooooooooooooo10000
gbooooooooboooooooooobooo
goooobooooooooooooboooooooo
goooboooooooboooobooooooooo
0000000000 /o0000oo0oooooo
gooooooo

3. O OO0

0000(1)0000000()000000000

000000()0000000000000000

000000000000000000000000

000000000000000000000000

000000000

00000000000000

3.1 000000
0000000000000000000000

oooo

e 000DODOONOODOOOOOOOOOOO
0000000000000000000000
0ooooooo

e 0000OODODOOOODOONDODOODO
0000000000000000000000
0000000000000000000000
00000000000000000

e 0000O00DDONDODOODOODODOOD
000000D0000000000000000
0000000000000000000000
000 2000000001000000000
0000000300000000000000
00000000000000MO000000 2
0000000 100000000000000
0000000000000000000000
00000000000000000

ooooooooobooooooooooOoboboooooooon 1929

10000 D0ON0MINONDNDDONONONODODO
0000000000000000000000
0000000000000000000000
00000000000 00000000000
0DoDod®0o0o0o0o0000000ongn
oooDoooon

3.2 00000000000000
00001000000000000000000

000000000000000000000000

0000000000 1000000000000

000000000000000000000000

000000000000t00000000000

01%0p<0.0l0000000000000000

000000000000000000000000

00000000D0000000000000000

00000000000 00000OOD0ODO0O000

0000000000000 D000D000D0000n

00000000000000000000001.0

000000000000o0o0o0

000t00000000000000000000

000000000000000000 P-POOOO

000000000000000000000000

0000t0000000000000000000

ooo

00000000000000000000000

000000000000 O00000D000000n

00000000000 000000000D0000

000000000000000000000000

ooooooog

3.3 000000000
00000000000000000000000

0000000000000010 10000000

0000000000000 00000000000

000000000000000000000000

000000000000000000000O0DC

00000000000 0000000000000

000000D0D0®0000000000000nOn

000000000000000000000000

0000000000000 30000000000

4. 0 OO0

4.1 OO0O0OO0OO0OOOOO0OO
g3bootoooooooooooooooooon
gobooooolobooOooooobooooooboo
goooooooooobooooboooooboooo
goooooooooooboooboooooobooDoboo



1930

03 t0000000000000000
Table 3 Categories that had siginificance in t-test.
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Fig.1 Defect correction effort in each phase where defects
were detected.
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were introduced.
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Fig.3 Defect correction effort in each detection delay.
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Table 4 Relation between defect correction effort and
cause of detection delay.
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Table 5 Table of result of t-examination of phases where
defects were introduced in each phase where de-
fects were detected.

00000000000 /0000

oooo |0o0o oooo | pO oooooo
oooo 47 | 0.307 2.74
0oooo (oooooo/
goooooo 587 | 0.911 1.64
goooooooo
oooo 33 | 0.000 5.50
0000 (oooooo/
goooooo 171 | 0.016 2.02
ooooooo 50 | 0.160 2.53
goooooooo
oooo 5| 0.797 4.80
0000 (oooooo/
goooooo 21 | 0.143 10.74
ooooooo 6 | 0.388 3.67

gooooooooobssonnmm
goooooooooooobooooooooon
0o00oooooooOoooooo/oooooooo
ooooooooooooooboooooon 3.89
uobooogosuouoooooooboobocoooooon
ogoUooooOoooUooooOooooo/oooooo
oooooooooooooooooocooon 2.74
j@oooooooooooooooboooooo
gooooooooooooooooooooooon
50000 M00000oooobooboooooboobo
0000 100000000000000/0000
goooobooooooooooboooooon 2.02
gomoobooooooob 20000000000
gobooooobooooobobocoooooooooon
gobooooooboooooobooooooooo
goooobooooooooooooooooooo
goboooboooos29uboooonosonoaon
gooooooboooooooooocooooooon
gooobooooboooooooooboooooobooDo
goooboobooooooooboooboobooooooon
gooooooo
goboooodoooooooobooooboonon
gooooooo
e JO0OO0OOOLODLODOODCOOOODOOOOODOO
goboooooooooooooooooooo
gbooooboooooocoooboooooooon
o JOOOOOOOOODOOOOOOOODODODO
goboooooooooooooooobooooo
goobooooooooooooooooooo
gobooooooooobooooomooDo

May 2007

0D00000000000000000000
0D0D0000000000000000000
0000000000000000000000
00D000000O000O0®™® 00000000
ooooo

e J00DODODODODODODODODOD
0000000000000 000000000
000000000000 0000000000
oooooo

0000000000000 0000000000

00000000000 0000000000000

00o00DO0oooOoooon

e J00ODOODODDODODODODODOOODODOD
00000000000 0000000000
0000000000000000000000
oooQg

e J00DODODODODODODODODOD
0000000000000 000000000
0000000000 0000000000

e I0IDDODDOOODODODOOODOD
00000000000 00D000000000n
0D00000000000000000000
0000000000000 000000000
0000000000000000000000
ooooooQg

0000000000000 0000000000

0000000000000 00D000000

5. 00004

000000000000000000IBMOOO
00 197600 Fagan 0O O WGTEOODODOO 1977
00 DalyD0D0Y00000TRWOODOO 19740
0 Boehm 0O0OY 00000 400000000
0000000®0000000000000000
000000000000000000000000
00000000000000000 1000000
0000000000000000000000
O0000D0OTRWOOOOOOOO0O000O0
O0D000000000Boehm OO0 200000
0000000000000000000%0000
Japanese multi-vendor project 00O O0OOODO0O
ooo
000000BoehmOOOOODOODOOOOO
e 00IDDDODODODOOOOODODOD
0000000000000000000000
0000000000000 1000000000



Vol. 48 No. 5 oooooooooooobooogod

gooooooooobooo 1933

1000 T | T I i
Larger software projects Japanese Multi-vendor
500 Project
75% 7
a i IBM-SSD E]Medhn
25%
200 |- 1
[n] I GTE
100 |~ -
B8 80%
S Median (T RW survey)
2 50 —
= 20%
o 1
[ O~ SAFEGUARD /ﬂ/ .
S 0o = _
.;
£ 10 ~
5 — _
A Smaller software projects
() - (Boehm, 1980]
2 _
1 i { | }
Requirements Design Code Development Acceptance  Operation
Unit Test Test test

04 Boehm OOOOOOOOOO

o0oooooooooooo

Fig.4 Bohem’s result vs. Japanese multi-vendor project.

e 000DODDODODODODODODODOODDO
0000000000000000000000
000000000000000000 400
ooo

00000000000000000000000

000000000000000000000000

000000000000000000000000

000000000000000000000000

00000000000019700000000000

0000000000000000000000000

000000000000000000000000

000000000000000000000000

000000000000000000000000

000000000000000000000000

0000000000009 0Boechm 00000

000000000000000000000000

000000000000000000000000

0O00000®00000000000000000

00000000000 00Daly® O Heimann 2

000000000000000 Finding Effort0 0

000000000000000000000000

ooooooooooboooooobooboooooo
oooooog

6. DOOO0OOO0OO0O0O

goooooboooooooobooooooooo
goooooboooooooooooboooOooooo
ooboboooooboboOooooobocoobooogoe
ooooboooooooobobooobooonoooo
ooboooobooooo
oooooooooboooboooobobbogoon
ooo
elJ00I0O00DODOOOODODOOODODO
ooooobooooooobooooooooboo
o0o0o0/OoooU0ooooooooooooo
ooo11vo0o0OOO0OO0OO0OO0OO0O0OOOODOOO
ooooooooooons29000d 48800
oooo
el 00O0OO0O0OOODDOOOOOOOOODOO
oooooobooocoooooooooooooo
oooooooobooooboooooboooooo
oobooooo11oo0ooooooboboooooo



1934 goooooooo

ooobooobo2b0c000000000000
O7s400000000O0OO0O0OODOODOOOO
oooooooooooooooooooooo
oobooooooooboooooolosednm
o JO0O0OO0OOOOODOOOOOODOODOO
00o00oO0ooo0ooo0ooooooo/ooo
ooboooobooooobobooblvoonD
oooooooooooooos2ynoooooo
ooooooooooooooooooboooo
ooboooooooooooooooooooo
oobooooooossobooboouobooonba
oooooooocooocooooobooooooo
ooooooooooooOooooboboobooooo
oooooooooooooooobooobooooo
ooboooobOooooooooooobooo
e JIDOODODOODODODOOOOODODODOODO
ooooobooooooooboooboobooboooooo
ooobooobooooooosobbmoooo
oobooboooboooooooooodgooa
go8sbot
goboobooooooooooooboooooobo
OO0ooROIDOOOOOOODOOOOOOOOOO
goooboooboooooooobooboooboonoooo
goooboooocoooooooooooooooo
gooooooooooooooooocoonoooon
goooboooooooooooooboobooooobo
gooobobooooooobobooooboooooo
gooooobooooooooooooooboooon
goooboooooooooooooooooooon
gooobobooooooobooobooooooooo
ooboooobooooooo
goooooboooooooobooooooooo
gooooooooooooooooocoonoooo
goboooooooooooobooobooooooon
goooboboooooooboboooooobooboon
gooooooooooboooooobooobooDo
goboooooooooooooooooboobooboboo
gooobooooooooobooboooooboooon
goooooood
OO0 0000O0O000D00000e-Society 00O
gooooooooooboboooboboboobbbooooo
goooooooooobooooooooooooo
gbooooooooooboooooboooboooboann
00000000000 0OUOCOOEASEOOOOO
goboooobooooooo

May 2007

o o o o

1) IEEE Standard 1044-1993 IEEE Standard
Classification for Software Anomalies (1993).
2) Bassin, K.A., Kratschmer, T. and Santhanam,
P.: Objectively evaluating software develop-
ment, IEEE Software, Vol.15, No.6, pp.66-74

(1998).

3) Bhandari, I., Halliday, M., Traver, E., Brown,
D., Chaar, J. and Chillarege, R.: A Case Study
of Software Process improvement During De-
velopment, IEEE Trans. Softw. Eng., Vol.19,
No.12, pp.1157-1170 (1993).

4) Boehm, B.W.: Software engineering, IEEE
Trans. Comput., Vol.25, No.12, pp.1226-1241
(1976).

5) Boehm, B.W.: Developing small-scale applica-
tion software product: some experimental re-
sults, IFIP (International Federation for In-
formation Processing) Congress, pp.321-326
(1980).

6) Boehm, B.W.: Software Engineering Eco-
nomics, Englewood Cliffs, NJ: Prentice-Hall
(1981).

7) Card, D.: Learning from our Mistakes
with Defect Causal Analysis, IEEE Software,
Vol.15, No.1, pp.56-63 (1998).

8) Chillarege, R., Bhandari, I., Chaar, J.,
Halliday, M., Moebus, D., Ray, B. and Wong,
M.: Orthogonal Defect Classification-A Con-
cept for in-Process, IEEE Trans. Softw. Eng.,
Vol.18, No.11, pp.943-956 (1992).

9) Daly, E.: Management of software develop-
mentRelationships, IEFE Trans. Softw. Eng.,
Vol.3, No.3, pp.229-242 (1977).

10) Endres, A. and Rombach, D.: A Handbook of
Software and Systems Engineering, Empirical
Observations, Laws and Theories, Pearson Ed-
ucation Limited, UK (2003).

11) Fagan, M.E.: Design and code inspections to
reduce errors on program developmenet, IBM
Systems Journal, Vol.15, No.3 (1976).

12) Hiemann, P.: A new look at the program de-
velopment process, Programming Methodology,
Lecture Notes in Computer Science, No.23,
pp.11-37 (1974).

13) Li, P.L., Herbsleb, J., Shaw, M. and Robinson,
B.: Experiences and Results from Initiating
Field Defect Prediction and Product Test Pri-
oritization Efforts at ABB Inc., ICSE ’06: Proc.
28th International Conference on Software En-
gineering, pp.413-422 (2006).

14) Mays, R., Jones, C., Holloway, G. and
Studinski, D.: Experience with defect pre-



Vol. 48 No. 5

vention, IBM Systems Journal, Vol.29, No.1
(1990).

15) Nakajo, T. and Kume, H.: A Case History
Analysis of Software Error Cause-Effect Re-
lationships, IEEE Trans. Softw. Eng., Vol.17,
No.8, pp.830-838 (1991).

16) 000000000000 0000 0000
Ooo0ob Oooboobobooboboono
gobooooobooboboboboooboooo
Jo00OoooOoOoOoOO0OoOoooon D-IOVol.J88-
D-1, No.2, pp.228-239 (2005).

(00180 1109000)
(00190 201000)

00 OO0
00 1600000000000
L=~=% [00000000000000O0
< 0000000000000000
Wgyﬁ O0/EASE0DO00D0OOOOOO
\ 0000MO00D000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
O00DO0ODO0OOIEEEDOOD

— p—

o0 O0o0o0oooo

goebooooooooooon
goodooolooooooooon
goooooocooooobooooo
goooooocooooooooo

-

gooooooooooooobooooooooo
gobooobooooooobobOooboboboobooon

goooooooO0oooooooooooDOoIEEED

ACMOOOO

ledobooooooooooooo
00 150160 Auckland DO ODOOOOOOOOOMO

ooooooooobooooooooooOoboboooooooon 1935

o0 O0o0o0oooo

ob13ooogooooooon
gooooooooooooooon
gooooooooooooooon
gooooooocoooooooo
ooooooooooooo/og/
OOOEPCglobal 0 RFIDOOOOOOOOOOO
gbooooooobooilyoooooooboooooo
000000000 /EASE0DDOODOOOOOODOO
gooomoooooooooobobooooooo
gooooboooboooobooooono

o0 O0o0o0oooo

gbeoO0OO0ODOOODODOODO
gooooooooooooooo
gooooooooooooooon
gooooooooooosoon
gooooooocoooooooo
gooooooo i3oooboobboooooooooaa
goboooooooooooocooouooobooobooo
gboooboooooooooobooooobooboooboo
0000000000000 0000OIEEEDACM O
oo0o




