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## 3970972121 : MAJOR COMPUTER SCIENCE

KEY WORD : SOFTWARE TESTING/TMM/MEASUREMENT/METRICS
PRAPASS SRICHAIVATTANA : A DEVELOPMENT OF TEST-RELATED
METRICS AND A TOOL FOR TESTING MATURITY MODEL. THESIS

ADVISOR: TARATIP SUWANNASART, Ph.D. 143 PP., ISBN 974-333-504-8.

This thesis presents a set of measurements related to test-related data for each level
of the Testing Maturity Model (TMM), from level 2 to 5. The objective of measurements is to
track and control testing practices status that will help software development organizations
improve their testing processes. The set of measurements is derived from the Goal/Question/
Metric (GQM) paradigm. Goals come from the goals in each level of the TMM. The thesis sets
the questions and derives the metrics to reflect the goals. The set of measurements is classified
into two types, minimum and optional metric set. The thesis defines only what to be collected,
not how to collect and does not indicate appropriate values of measurements.

A tool is designed and developed to collect the measurement data. The tool uses
these data to provide reports in analyzing and monitoring testing processes. The design of the tool
consists of database, input and output design. The tool is developed and tested by inputting data

through screens and outputting reports. The test results are satisfied as the design.
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Unit Test Cost Report (TMM Level 2 Goal 1)
Date: 4/9/99

Software ID: LAS Name: Library Automation System
Version : 1.0 Effort Unit: Man.Hours Lines Of Code Unit : KLOC
Test Activity Description KLOC Tested Effort Unit Cost

D (MH/KLOC)

1 Test the module of calculating returned-date 0.52 4 7.69

2 Test the module of adding a member 1.20 6 5.00

3 . Test the module of searching books 0.65 5 7.69

4 Test the module of borrowing books 2.00 8 4.00

Total: 99.42 523
Average Unit Cost : 5.26
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Test Case Development Effort Report (TMM Level 2 Goal 1)
Date: 4/9/99
Software ID: LAS Name: Library Automation System
Version: 1.0 Effort Unit: Man.Hours
Test Case ID Effort
1 5
2 10
3 8
Total 90 433
Average 4.81
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Test Plan Development Effort Report (TMM Level 2 Goal 1)
Date: 4/9/99

Software ID: LAS Name: Library Automation System
Version: 1.0 Effort Unit: Man.Hours

Test Plan Type Effort

Unit Test Plan 70

Integration Test Plan 80

System Test Plan 100

Acceptance Test Plan 80

Total 330
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Test Cost Summary Report (TMM Level 2 Goal 1)
Date: 4/9/99

Software ID: LAS Name: Library Automation System

Version : 1.0 Lines Of Code Unit : KLOC Total LOC: 100 Effort Unit: Man.Hours

Type Effort % Unit Cost (Effort/KLOC)
Test Plan Development 330 8.79 3.30
Test Case Development 600 15.97 6.00
Test Procedure Development 500 13.31 5.00
Unit Test 526 14.00 5.26
Integration Test 600 15.97 6.00
System Test 700 18.64 7.00
Acceptance Test 500 13.31 5.00

Total 3756 100.00 37.56

Acceptance Test Test Plan Development
13% 9%

Test Case Development

16%

System Test

19%
est Procedure

Development

13%
Integration Test g

Unit Test

16%
14%
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Organization Test Effort Summary Report (TMM Level 2 Goal 1)

For Year 1998

Effort Unit : Man.Hours

Software KLOC Test Plan Test Case Test Proc. Unit Integ.

System Accept. Total Unit Cost

Test Case Development

16%
System Test

18% Test Procedure

Development

12%

Integration Test .
Unit Test
17%

15%

D Dev. Dev. Dev. Test Test Test  Test MH/KLOC
GLS 400 1200 2300 2100 2500 2700 3000 2200 16000 40.00
POS 150 400 900 400 600 750 800 600 4450 29.67
FAS 100 330 600 500 526 600 700 500 3756 37.56
Total 650 1930 3800 3000 3626 4050 4500 3300 24206 37.24

% 7.97 15.70 12.39 1498 16.73 18.59  13.63
Koositasvelpet Test Plan Development
14% i
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Defect Debugging Cost Report (TMM Level 2 Goal 1)
Date: 4/9/99
Software ID: LAS Name: Library Automation System
Version: 1.0 Effort Unit: Man.Hours
Defect ID Detail Found Date Closed Date Debugging Effort
1 Not able to update a book status 01-Jul-99  02-Jul-99 2
2 Calculate returned date incorrectly 01-Jul-99  02-Jul-99 3
3 Get member data incorrectly 02-Jul-99  04-Jul-99 4
Total Number Of Defects : 250 Total Effort 800
Average defect debugging effort : 3.2
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Organization Debugging Effort Report (TMM Level 2 Goal 1)
For Year 1998

Effort Unit : Man.Hours

Software ID KLOC  Number Of Defects Total Debugging Effort  Average Effort

GLS 400 180 800 4.44
POS 150 500 . 2500 5.00
FAS 100 250 800 3.20
Total 650 930 4100 4.41

511 425 Metheenuagdmlinglunsudludeunnsedduszdussdns

u

2) HNUUFUNUNTINATDD

[ d Y a a v @

Yagilszaen eldlumsAnaiufonssuag muusuOuUMSNAToD AIA2

[ a Y d XK a 1 = a
pg199180U Uz 4.26 uaasldmudaumuaunmsmaaen Tuga swazeausazianssy Tu

v b4 H
Sudu uduga S1wauau anunen Tugaiinadeu tagnstinadel



56

Unit Test Plan Activity Report (TMM Level 2 Goal 2)
Date: 4/8/99
Software ID: LAS Name: Library Automation System
Version :1.0 Effort Unit: Man.Hours
Activity Detail Start Date End Date Manpower Effort Module ID Test Case
D Tested D
1  Test converting date 1/7/99 1/7/99 1 3 1 1
3
2 Test calculating returned 1/7/99  1/7/99 1 4 2 2
date 3
Total No.Of Test Run : 100 1/7/99  15/8/99 500 100 300
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Integration Test Plan Activity Report (TMM Level 2 Goal 2)
Date: 4/8/99
Software ID: LAS Name: Library Automation System
Verston :1.0 Effort Unit: Man.Hours
Activity Detail Start End Manpower Effort Module ID Test Case
ID Date Date Tested ID
1 Test interfacing between converting  1/8/99  1/8/99 1 4 1 1
and calculating returned date module 2 2
2 Test interfacing between reading 1/8/99  1/8/99 1 4 3 2
and calculating late-returned fee 4 3
Total No. Of Test Run : 50 1/8/99  1/9/99 500 100 200
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Software ID: LAS

System Test Plan Activity Report (TMM Level 2 Goal 2)
Date: 4/8/99

Name: Library Automation System

Version :1.0 Effort Unit: Man.Hours
Activity Detail Start End Manpower Effort Req’t ID Test Case
D Date Date Tested ID
1 Test calcuating returned date function 1/8/99  1/8/99 2 4 1 1
for members 2
Total No.Of Test Run : 30 1/9/99  30/9/99 600 100 200
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Software ID: LAS

Test Plan Summary Report (TMM Level 2 Goal 2)
Date: 4/8/99

Name: Library Automation System

Version :1.0 Effort Unit: Man.Hours
Start Date  End Date  No. Of Test Run  Effort No. Of Test Cases
Unit Test 1/7/99 15/8/99 100 500 300
Integration Test 1/8/99 1/9/99 50 500 200
System Test 1/9/99 30/9/99 30 600 200
Acceptance Test 1/10/99  31/10/99 30 400 200
Total 1/7/99 31/10/99 200 2000 900
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Test Case Development Technique Report (TMM Level 2 Goal 3)
Date: 4/9/99
Software ID: LAS Name: Library Automation System
Version :1.0 Effort Unit: Man.Hours
Testing Technique Test Case ID
White Box 1
5
Number Of Test Cases Subtotal 30 = 40%
Black Box 2
3
Number Of Test Cases Subtotal 40 60%
Total 70 100%
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Testing Technique Report in Detecting Defects (TMM Level2 Goal 3)
Date: 4/9/99

Software ID: LAS Name: Library Automation System

Version :1.0 Effort Unit: Man.Hours
Testing Technique Defect ID
White Box 1
2
Number Of Defects Subtotal 80 66.67%
Black Box 6
9
Number Of Defects Subtotal 40 33.33%

Total 120 100.00%
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Tester and Cost for Test Organization ( TMM Level 3 Goal 1)
For Year 1999
Date: 4/9/99
Number Of Testers : 6

Test Cost ID  Detail . For Month Actual Cost Budget Variance %
1 Salary Jan  B220,000 1B200,000 120,000 10.00
2 Office Rent . Jan B50,000 150,000 0 0.00
3 Stationery Jan B5,000 B4,000 B1,000 20.00

Year To Date Total 13,000,000 12,400,000 B600,000 25.00

Total Budget 83,600,000

——4—— Cumulative Actual
B - - ‘R - - Cumulative Budget

4,000,000

3,500,000 . -

3,000,000

2,500,000

2,000,000

1,500,000

1,000,000

500,000

0 J I J T T T 1 T T T t 1

Jan  Feb Mar Apr May Jun Ju  Aug Sep Oct Nov Dec
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Training Status Report (TMM Level 3 Goal 2)
Date : 4/9/99

Course Course Start Date Duration(days) #Attendances Cost(B)

ID Name Act’l Plan Var Act’lPlan Var Act’l Plan Var Act’l Plan %Var

1  Test coverage tool 3/1/99 3/1/99 0 2 2 0 6 6 0 20,0600 20,000 O
2 Requirement trace tool 15/3/99 1/3/9914 3 3 0 4 6 0 50,000 40,000 25

Total Courses : 8 15 13 2 42 48 -6 300,000 270,000 11
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Training Summary Report (TMM Level 3 Goal 2)

Date :4/9/99

Bl#Actual Courses
B #Planned Courses

#Courses

1896 1987 1998 1989

Year

1,000,000

800,000 BlActual Cost

600,000 W Planned Cost

i

400,000

Training cost

200,000

1996 1997 1998 1999
Year
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Defect By Phase Detail Report (TMM Level 3 Goal 3)
Date:4/9/99

Software ID: LAS Name: Library Automation System

Version :1.0 Effort Unit: Man.Hours

Defect ID Detail Found Date Closed Date Found Origin

1 Not able to update a book status 01-Jul-99  02-Jul-99  Design Design

2 Calculate returned date incorrectly 01-Jul-99  02-Jul-99  Design Req’t

- w v = v v Y
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Defect By Phase Summary Report (TMM Level 3 Goal 3)

Date:4/9/99

Software ID: LAS Name: Library Automation System

Version: 1.0 Effort Unit: Man.Hours

Phase Number Of Defects

Origin %  Totalin Phase Found % Escape % Effectiveness
Req’t Analysis 80 2222 80 20 5.55 60 25.00
Design 120 3333 180 50 13.89 130 27.78
Coding 150 41.67 280 60 16.67 220 2143
Unit Test 4 1.11 224 90 25.00 134 40.18
Integration Test 3 0.83 137 60 16.67 77 43.80
System Test 3 0.83 80 50 13.89 30 62.50
Acceptance Test 0 0.00 30 20 5.55 10 66.67
Field 0 0.00 10 10 2.78 0 100.00
Total 360 100.00 360 100.00
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Defects By Found Phase Graph
Date 4/9/99
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Unit Test Activity Report (TMM Level 3 Goal 4)

Date:4/9/99
Software ID: LAS Name: Library Automation System
Version: 1.0 Effort Unit: Man.Hours Lines Of Code Unit : KLOC
Test Act KLOC Start Date End Date Manpower Effort MH Result #Defects

ID Tested Act’l Plan Var Act’l Plan Var Act’l Plan Var Act'l Plan Var % /KLOC

1 0.52 1/7/99 1/7/99 0 1/7/99 1/7/99 0 1 1 0 4 3 13333 769 P

2 1.20 2/7/99 1/7/99 1 2/7/99 1/7/99 1 I 1 0 6 4 25000 500 P

3 0.65 2/7/99 2/7/99 G 3/7/99 2/7/99 1 2 1 0 0.00 769 F 5
Total: 99.42 523 450 73 16.22 100

Average Unit Cost : 5.26

Total Test Run:100 # Passed 60

L # Failed 40
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Testing Effort By Week Report (TMM Level 3 Goal 4)

Date:15/9/99

Software ID: LAS Name: Library Automation System
Version :1.0 Effort Unit: Man.Hours
Week Effort
Actual Planned Variance %
30 150 200 -50 -25.00
31 300 200 100 50.00
32 350 250 100 40.00
33 400 250 150 60.00
34 500 500 0 0.00
35 300 400 -100 -25.00
600 -
500 -
o 400 -
% —4— Actual
2 300 - '
---&----Planned
200
100 J
0 T T — T T 1

30 31 32 33 34 35

Week

311 4.50 e NuNUANINEEHTUMINATBUVBIASINIMINITEZIA
- NUTNUTNIANATOY

[ d A 9/ a o A v
Tagszaan  melylumsAamwaoiuslumsWannnsamaaeuiasHadns

° A =1 <
yoanninsanageumadeulumsnaaeuluga msnadsuiaE@Ss MINATBUIZVY

HazMsnaasLiNossuTUYel Insas



72

A o s
swnuluglfl 451 saadddriudeaauz lumsWannnsainageuveelnss
[ L d

msfenuIAnAITEHIRNTUNSYATAT sueT uRsRuNNUIY JuduganansTunTaufiouny

AU HASANUNGIEIUNRIDTUNIUNVUHUIIY

Test Case Development Status Report (TMM Level 3 Goal 4)
Date: 4/9/99

Software ID: LAS Name: Library Automation System
Version : 1.0 Effort Unit: Man.Hours
Test Case ID Start Date End Date Effort

Actual Plan Var. Actual Plan Var. Actual Plan Var. %

1 1/6/99 1/6/99 0 1/6/99 1/6/99 0 5 5 0  0.00%

2 1/6/99 1/6/99 0 2/6/99 1/6/99 1 10 8 2 25.00%
Total 90 433 400 33 8.25%
Average 481 444 037 825%
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Test Case Status Of Unit Test Activity Report (TMM Level 3 Goal 4)
Date: 4/9/99

Software ID: LAS Name: Library Automation System
Version :1.0 Effort Unit: Man.Hours
Test Activity ID Date Test Case ID Result
1 1/7/99 1 p
1/7/99 2 P
2 1/7/99 3 P

Total Test Cases: 150 # Test Cases Exercised : 80 # Passed : 60

# Failed :20
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Test Case Status Summary Report (TMM Level 3 Goal 4)
Date: 15/7/99
Software ID: LAS Name: Library Automation System
Version :1.0 Effort Unit: Man.Hours
Test Phase Number Of Test Cases
Total Exercised % Passed Y% Failed %

Unit Test 150 50 3333 30 20.00 20 1333

Integration Test 130 0

System Test 120 0

Acceptance Test 100 0

Total 500 50 10.00 30 6.00 20 4.00

511 4.53 fednenuaglamuzveansldnsainaseulunnazduneumsnaasy

= Y d = o -
518\111«!11«!?‘1‘1’1 4.54 llﬁﬂ\ﬂﬂl‘Huﬂ\'1'CTﬂTLl%mﬂﬂﬂ'ﬁu']ﬂ'iﬂlﬂﬂﬁﬂﬂll'lﬂﬂﬁﬂﬂ
] 1 @ o, o o o 1
“U'ﬂ\?jﬂiﬂﬂ15ﬂ13\li$ﬂ$nﬂ1 'JHlﬂﬂ$ﬁﬂﬂ'l1’7ﬁﬂ15u1ﬂ5iﬁﬂﬂﬁﬂﬂn11’l’lﬂ15ﬂﬂﬁ0‘u‘il'lu'Ju!‘l’l11ﬂ

uazrmule Tasuaaudiuswauasauaiuszoznm

Test Case Progress Report (TMM Level 3 Goal 4)
Date: 4/9/99

Software ID: LAS Name: Library Automation System

Version : 1.0 Effort Unit: Man.Hours

Week Number Of Test Cases
Total Exercised Cumulative Passed Cumulative %
30 500 50 50 30 30 6.00
31 500 50 100 , 20 50 10.00
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Cumulative Test Case Progress Graph
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Unit Test Progress Report (TMM Level 3 Goal 4)

Date: 4/9/99
Software ID: LAS Name: Library Automation System
Version: 1.0 Effort Unit: Man.Hours
Week Number Of Modules
Planned Cumulative %  Exercised Cumulative % Passed Cumulative %
30 15 15 15.00 15 15 15.00 10 10 10 .00
31 20 35 35.00 20 35 35.00 15 25 25.00

Total Number Of Unit Test Runs : 100
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Unit Test Progress Graph
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Test Coverage Report (TMM Level 3 Goal 4)

Date: 4/9/99

Software ID: LAS

Name: Library Automation System

Version: 1.0 Effort Unit: Man.Hours Lines Of Code Unit : KLOC
Module LOC  Statement Coverage Branch Coverage Basis Path Coverage
ID Exercised Total %  Exercised Total % Exercised Total %
1 0.5 400 450  88.88 35 40 87.50 20 25 80.00
2 0.8 750 750 100.00 60 65 9231 80 90 88.88
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Test Coverage Summary Report (TMM Level 3 Goal 4)
Date: 4/9/99
Software ID:LAS Name: Library Automation System
Version :1.0 Effort Unit: Man.Hours
% Coverage 4 Number Of Modules
Statement Cov. %  Branch Cov. % Basis Path Cov. %
0-10 0 0.00 0 0.00 0 0.00
11-20 0 0.00 0 0.00 0 0.00
21-30 0 0.00 0 0.00 0 0.00
31-40 0 0.00 0 0.00 5 5.00
41-50 0 0.00 10 10.00 10 10.00
51-60 5 5.00 ) 10.00 10 10.00
61-70 20 20.00 15 15.00 15 15.00
71-80 20 20.00 18 18.00 20 20.00
81-90 25 25.00 23 23.00 20 20.00
91-100 30 30.00 29 29.00 20 20.00
Total 100 100.00 100 100.00 100 100.00
Test Coverage Report
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Defect Density Report (TMM Level 3 Goal 4)
Date: 24/9/99

Software ID:LAS Name: Library Automation System
Version :1.0 Effort Unit: Man.Hours
Module ID KLOC #Defects #Defects/KLOC
1 0.52 5 9.62
2 1.20 4 333
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Integration Test Status Report (TMM Level 3 Goal 4)
Date: 24/9/99
Software ID:LAS Name: Library Automation System
Version :1.0 Effort Unit: Man.Hours
Test Activity ID Date Module ID Result
1 1/9/99 1 p
2 p
2 2/9/99 1 p
2 p
3 F
Total Test Run : 50 # Modules Integrated : 80 # Modules Integrated Successfully : 50
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Integration Test Progress Report (TMM Level 3 Goal 4)
Date: 24/9/99

Software ID:LAS Name: Library Automation System

Version :1.0 | Effort Unit: Man.Hours
Week Number Of Modules Integrated
Planned % Actual % Passed %
35 10 10.00 10 10.00 5 5.00
36 25 25.00 18 18.00 15 15.00
37 45 45.00 30 30.00 20 20.00
38 70 70.00 55 55.00 40 40.00
39 85 85.00 70 70.00 50 50.00
40 100 100.00 80 80.00 60 60.00

Module Integration Test Progress Graph
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Requirement Test Status of Acceptance Test Activity Report (TMM Level 3 Goal 4)

Date: 1/10/99

Software ID:LLAS Name: Library Automation System
Version :1.0 - Effort Unit: Man.Hours
Test Activity ID Date Requirement ID Result
1 1/9/99 1 P
2 P
3 F
2 2/9/99 4 P
5 P
6 F

Total Test Run : 30  # Total Requirements : 150

# Requirement Tested : 100 66.67 %

# Requirements Passed : 80 53.33 %
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Requirement Test Progress Report In Acceptance Test (TMM Level 3 Goal 4)
Date: 28/10/99
Software ID:LAS Name: Library Automation System
Version :1.0 Effort Unit: Man.Hours
Week Number Of Requirements Tested
Planned Cumultive % Actual Cumulative % Passed Cumulative %

41 30 30 20.00 30 30 20.00 25 25 16.67

42 30 60 40.00 30 60 40.00 25 50 3333

43 30 90 60.00 25 &5 56.67 20 70 46.67

44 30 120 80.00

45 30 150 100.00

Requirement Test Progress Graph
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Software ID:LAS

Defect Density By Time Report (TMM Level 3 Goal 4)

Date:1/11/99

Name: Library Automation System

Version :1.0 Effort Unit: Man.Hours
Week fiDefects KILOC #Defects/ KLLOC
Arrival Cumulative
40 120 100 1.20 1.20
41 80 100 0.80 2.00
42 60 100 0.60 2.60
43 45 100 0.45 3.05
44 35 100 0.35 3.40
45 25 100 0.25 3.65
Defect Density By Time Graph
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Cumulative Defect Density By Time Graph
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Review F’lan (TMM Level 4 Goal 1)

SoftwarelD !1 : -I Némé IlerawAutomahon System

Vesion o Effotust [Manitous | Lines Of Codeunit IKI;G.G_: |
| ™| Review D ]‘1 _v]i et updated date I 16-tay-99

Description iﬂeview Tequirement, pages 1-200

Wotk Product Type ]Requir‘éFnenE Docurﬂdf Planned Reviewed Quantity . | 20 .iPag-’as”

Planned reviewed date l 10un99 Planined humber Of Reviewers ; 5
Platined Preparation Time ] 2 Hours: Plarhed |nspectionTime I 2 Hours

Add l  Edit | Save ] ‘ Deletel Cancel

E it ]
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i B3 Test Measurement Program Frerh = E= B

Test Meastrement Program Activity (TMM Level 4 Goal 2)

Activity 1D !1 ot ]

D esciiption lDevelnp-a test maasurement plan] i :“;_,
| Planned Start Date \ActualStart Date: .
| Planned Em:l Date “Actual End Date
{ Planned Cost —$10,000 |  Actual Cost
1 Planned Manpower - I_——_li Aeotual Manpower
Add I | Edit | Seve 1 sl Del_e't_il - Cancel ‘ E xit l
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% B8 DefectType [EE =] X|
| Defect Type (TMM Level 4 Goal 2) i
[ DefectTypeCode  Description
, » QEDL iErrcnf in design Iogia —-{J
|
1
i iEDF! iError in data representation
IHCI iAmbiguaus or inconsistent human-computer interface
3IDSY ] ;l.r.wtventior‘lal deviation from specification
ﬁES 'ilncomplete.or erronecus specification
TIET ’lncomplete or erroneocus testing
&dd ; Save ; Delete } Undo J E xit 1 |
= 1
Record: 141 < {] T e denirw] of 12 P
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g3 DefectSeverity ==l

Defect Severity (TMM Level 4 Goal 2)

DetectSeverity  Description
> 11 "'Most severity ﬁ .

|2 |Critical

13 : !Moderate

’4 o = IMinc;r "

15 ‘ , ILeast sgverity

Cadd| o save]| Dﬁje'!a.l'ai‘{_l_ (tndo| e = __j
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Review Effectiveness Report (TMM Level 4 Goal 1)
Date: 4/9/99
Software ID: LAS Name: Library Automation System
Version : 1.0 Effort Unit: Man.Hours
Reviewed Work Products #Defects %
Requirement 60 10.26
Design 90 15.38
Code 50 8.55
Unit Test Document 20 342
Integration Test Document 15 2.56
System Test Document 20 342
Acceptance Test Document 10 1.71
Total defects detected by reviews 265 45.30
Test Type #Defects %o
Unit Test 90 15.38
Integration Test 90 15.38
System Test 60 10.26
Acceptance Test 30 5.13
Total defects detected by testing 270 46.15
Defects found at field 50 8.55
Total defects 585 100.00
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Review Detail Report (TMM Level 4 Goal 1)

Date: 4/9/99

Software ID: LAS Name: Library Automation System

Version : 1.0 Effort Unit: Man.Hours
Review ID Reviewed Unit Date #Reviewers Quan. Reviewed Prep. Hours Insp. Hours Total Hours Result  Defects

Work Products Act’l Plan Var Act’l Plan Var Act’l Plan Var %Cov Act’l Plan Var Act’l Plan Var Act’l Plan Var

1 Requirement Pages 1/4/99 1/4/99 0 6 6 0 15 20 -5 7.50 4 4 0 4 4 0 8 8 0 M 8

2 Requirement Pages 4/4/99 4/4/99 0 6 6 0 25 20 5 12.50 4 4 0 4 4 0 8 8 0 M 10

Total Requirement Reviews : 10 50 60 -10 180 200 -20 90.00 S0 40 10 4 40 4 94 80 14 60

11 Design Pages 1/5/99 1/5/99 0 4 5 -1 20 20 0 10.00 4 4 0 4 4 0 8 8 0 A

Total Design Reviews

Total Code Reviews

A = Accept without further modification =~ M = Accept with further modification R =Reject
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Review Summary Report (TMM Level 4 Goal 1)
Date: 4/9/99

Software ID: LAS Name: Library Automation System

Version : 1.0 Effort Unit: Man.Hours
Note : Rate = Quantity/Hours

Reviewed Work Unit Quantity Prep Hours Insp Hours Total Hours #Defects
Products Total To Date %Cov To Date Rate To Date Rate To Date Rate
Requirement Pages 200 180  90.00 50 3.60 44 4.1 94 213 60
Design Pages 400 300  75.00 90 333 100 3.0 190 1.58 90
Code KLOC 100 80  80.00 120 0.67 120 0.67 240 033 50
Unit Test Document Pages 300 250 83.33 60 4.17 70 3.57 130 192 20

Integration Test Document Pages 150 100 66.67 35 286 40 250 75 133 15
System Test Document Pages 100 70 70.00 20 350 20 350 40 175 20

Acceptance Test Document Pages 100 80 80.00 25 320 30 267 55 145 10

4 v
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Test Measurement Activity Status (TMM Level 4 Goal 2)

Date: 1/9/99

Activity Detail Start Date End Date Manpower Cost

D Act’l Plan Var Act’l Plan Var Act’l Plan Var Act’l Plan Var %

1  Define test measurement 1/7/99 1/7/99 0 5/7/99 5/7/99 0 5 5 0 100 100 0 0.00
goal
2 Define test-related data  8/7/99 7/7/99 115/7/9914/7/99 1 5 5 0 160 150 10 6.67

to be collected
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Defect Type Report (TMM Level 4 Goal 2)

Date:1/9/99

Software ID: LAS

Version : 1.0

Name: Library Automation System

Effort Unit: Man.Hours

Defect Type #Defects %
IES  Incomplete or erroneous specification 82 22.78
MCC Misinterpretation of customer communication 62 17.22
EDR  Error in data representation 51 14.17
IET Incomplete or erroneous testing 36 10.00
PLT Error in programming language translation of design 22 6.11
IMI  Inconsistent module interface 22 6.11
MIS Miscellaneous 20 5.56
EDL Error in design logic 20 5.56
IDS Intentional deviation from specification 18 5.00
IID  Inaccurate or incomplete documentation 12 3.33
VPS Violation of programming standards 9 2.50
HCI Ambiguous or inconsistent human-computer interface ) 6 1.66
Total 360 100.00
Defects Type Graph
2
X

[ES MCC EDR IET PLT IMI

Defect Type

5171 4.77 degnananudinudsunnisinnd sz nvostounnio



92

Defect Severity Summary Report (TMM Level 4 Goal 2)
Date : 4/9/99

Software ID: LAS Name: Library Automation System
Version : 1.0 Effort Unit: Man.Hours
Severity #Defects Yo
1 18 5.00
2 144 40.00
3 108 30.00
4 36 10.00
5 54 15.00
Total 360 100.00
Defects By Severity
50
1
40 H
£ 30
2
< 20 A
10 S
0 T T T 1
1 2 5} 4 5
Severity
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Testers’ Productivity Detail Report (TMM Level 4 Goal 2)
Date : 4/9/99

Software ID: LAS

Name: Library Automation System

Version : 1.0 Lines Of Code Unit : KLOC Effort Unit: Man.Hours
Week LOC Tested Testing Effort  Productivity #Defects Defect Detection Cost
(LOC/Testing Effort) (Testing Effort/#Defects)
26 8 40 0.20 40 1
27 12 50 0.24 10 5
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Testers’ Productivity Summary Report (TMM Level 4 Goal 2)

Date : 4/9/99

Software ID: LAS Name: Library Automation System

Version : 1.0 Lines Of Code Unit : KLOC Effort Unit: Man.Hours
Type Unit Quantity Effort % Productivity
(Quantity/Effort)
Test Plan Development Pages 650 330 8.79 1.97
Test Case Development #Test Cases 400 600 15.97 0.67
Test Procedure Development #TestProcedures 200 500 13.31 0.40
Unit Test KLOC 100 526 14.00 0.19
Integration Test KLOC 100 600 15.97 0.17
System Test KLOC 100 700 18.64 0.14
Acceptance Test K1LOC 100 500 13.31 0.20
Total 3756 100.00
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Software Reliability Report (TMM Level 4 Goal 2)
Date: 1/11/99
Software ID:LAS Name: Library Automation System
Version :1.0 Effort Unit: Man.Hours
Week #Defects KLOC #Defects/ KLOC
Arrival Cumulative
40 120 100 1.20 1.20
41 80 100 0.80 2.00
42 60 100 0.60 2.60
43 45 100 0.45 3.05
44 35 100 0.35 3.40
45 25 100 0.25 3.65
Defect Density By Time Graph
1:5
©
O
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a
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& 05
=
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0 1 T T T
Week 40 41 42 43
Cumulative Defect Density By Time Graph
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Software Quality Attribute Report (TMM Level 4 Goal 3)
Date: 1/11/99
Software ID:LAS - : o Name: Library Automation System
Version : 1.0 Effort Upit: Man.Hours
Quality Attribute Metric Unit
Correctness #defects(about requirement)/LOC 3.60 #defects/KLLOC
Efficiency actual utilization/allocated utilization 0.60
Integrity #defects(about security)/LOC 0.02 #defects/KLOC
Usability average labor hours to use 2.00 hours
Maintainability average labor days to fix 2.00 days
Flexibility average labor days to change 3.00 days |
Testability effort to test/effort to develop 0.25
Portability effort to transport/effort to develop 0.10
Reusability effort to convert/effort to develop 0.10 .
Interoperability effort to couple/effort to develop . 0.05
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1 Causal Mesfing 1D/ 1799 =l

| Flanned Date [_ﬁ'm : ] ActualDats

i Planned D ursisn [0 2 Hous  ActusiDurstion e Al
: Planned Manpower r_———‘i— Actualianpower ‘_._.............5..'

1 Planned Effon ; a0 Aetual Effort {'—W

| Number OF Actions [ Z

Casual Meeting (TMM Level 5 Goal 1)

i Note : ll

A.cid

1 Edit l Slave I Delets {Zancm!] Exit I
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B DefectCauselype . =1 ES
Defect Cause Category (TMM Level & Goal 1) —
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‘ ;EDUC Education lacking(lacking knowledge or under.standing]

JOTHR {Others

iDVER "|0versight or Overlooked{failed to consider all cases and conditions)

;T RAN : Transcriptibn errorftranscribed or cbﬁied something incorrectly)
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Test TaolfTechnology Evaluation (TMM Level 5 Goal 3)
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| E3 WhenToStopTestingEffort:Form ___E[EIES]|
When To Stop Testing Define Effort (TMM Level & Goal 3) !

SoftwareiD 1 - ] Name ILa'l:-rary Autemation System y .

1 Version ]T_ﬁ Effort unit m
Tatal Effort 130 (
Whan To Stop Testing Define Effort
PersonlD Narme Surmame Date Effort ﬂ
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When To Stop Testlng Criteria (TMM Level & Goal 3) ;‘

SoftwarelD
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Y ersion "I.O Effart unit 1M an.Hours Lines Of Code Unit !KLDC il

when To Stop Testir:ag Criteria

Narme ]qurdry Automalion Systera

Week DefectDensityGoal i{
¢ [ % [ T
T Cul 5
o f Sl
43 [ i

Add Edit l Delete l Undo l ‘_]

1 Record: |<| & j] 1 liF 1»1]»*4 of B

Exit 1

ﬂﬁ 4.90 mammmfa’ammmm‘fflum‘smwuﬂmaclmvmﬂﬂﬂﬁau



100

b4
FMSUT0UA 199 Tuszdu 5 Tasee T
1) ENuMItesdudeunnseg
=) % \
- Nanuswazgatazajflumsmaung s o UnNIBY
a d AL Ya 9/ v c W
Jagilsyaen elddamuaniuzlumsmeauvgnvesdeunnies dein
( A v g K a v
ptarisnulugli 491 uaasldiviudenisaz@eavesnmsdszgulunmsmaungsinvede
a d’

unnsesae Tunnimsdszan szezna lumsisz gy Suuaundndsz gy tazanuweou

7191 Feufuumuau

Root Cause Finding Status Detail Report (TMM Level 5 Goal 1)
From 1/1/99 To 31/8/99
Date: 4/9/99

Effort unit : Man.Hours

Casual Meeting Date Duration(Hours) Manpower Effort

ID Act’l Plan Var Act’l Plan Var Act’l Plan Var  Act’l Plan %Var
1 4/1/99 4/1/99 0 Z 21 0 5 5 0 10 10 0.00
2 11/1/99 11/1/99 0 | 4 5 -1 4 10 -60.00

Total Casual Meeting : 30 65 60 5 140 150 -10 290 320 -9.37
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Root Cause Finding Effort Summary Report (TMM Level 5 Goal 1)
For Year 1999

Date:4/9/99 Effort Unit: Man.Hours

80

60

Actual

el il ST ek il e o NS e e SR o RS-l T — o il N[l i Planned

Effort

20

Jan Feb Mar Apr May Jun Jul Aug

Month
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Defect By Cause Category Report (TMM Level 5 Goal 1)
Date:1/9/99
From Jan-99 To Aug-99
Software ID: LAS Name: Library Automation System
Version : 1.0 Effort Unit: Man.Hours
Category Cause #Defects %
COMM Communication failure(incorrect or lost information) 600 30.00
PROC Process Problem(some aspect of process encouraged creation of defects) 600 30.00
EDUC Education lacking(lacking knowledge or understanding) 400 20.00
TRAN Transcription error(transcribed or copied something incorrectly) 200 10.00
OVER  Oversight or Overlooked(failed to consider all cases and conditions) 100 5.00
OTHR Others 100 5.00
Total 2000 100.00
35 o
30 4
25 4
g 2 4 [ B %0efects
. = 8 o
g ;
10 4
° ‘ .
. , el I N
COMM PROC EDUC TRAN OVER OTHR
Cause
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Defect Prevention Activity Report (TMM Level 5 Goal 1)

registers during unit test

to warn people that late
changes are more prone

€1ror

Total number of activity : 200

Date:4/9/99
Effort unit : Man.Hours
Activity Detail Start Date End Date Effort Cost
D Act’l Plan Var Act’l Plan Var Act’l Plan %Var Act’l Plan %Var
1 Write a tool to trace 5/1/99 5/1/95 0 14/2/99 27/2/99 13 120 100 20.00

2 Add item to common error 5/1/995/1/99 0 10/1/99 10/1/99 0 12 10 20.00

2500 1500 66.67
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#Activities

Date: 4/9/99

Defect Prevention Activity Summary Report (TMM Level 5 Goal 1)

For Year 1999

Opemed

Closed
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Month
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Defect Density By Phase Report Between Projects (TMM Level 5 Goal 1)

Date: 6/11/99

Phase #Defects/ KLOC
Project POS , Project GLS

Requirement 3.0 2.5
Design e 2.2
Coding 2.0 1.9
Unit Test 1.8 1.6
Integration Test 1.5 1.2
System Test 1.0 0.7
Acceptance Test 0.5 0.2
Field 02 0.1
Total 12.5 10.4

Defect Density Graph

2 4 W ros

#Defects/KLOC

OocLs

Field T

Design
Coding
Unit Test

< —
] |
System Test E

Requirement

Phase

[ntegration Test
Acceptance Test
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Basis Path Coverage Quality Control (TMM Level 5 Goal 2)
Date:1/9/99

Software ID: LAS Name: Library Automation System

Version : 1.0 Effort Unit: Man.Hours

Module ID % Basis Path Coverage LCL UCL
1 60 70 100

2 100 70 100
-3 90 70 100
4 40 70 100

5 80 70 100

6 75 70 100

7 90 70 100

8 85 70 100

9 95 70 100

10 40 70 100

Average 75.5

Basis Path Coverage Control Chart

%Coverage
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Defect Density Quality Control (TMM Level 5 Goal 2)

Date:1/9/99

Software ID: LAS Name: Library Automation System
Version : 1.0 Effort Unit: Man.Hours
Module ID #Defects/KLOC LCL UCL
I 5 1 10
2 15 1 10
3 20 1 10
4 0.5 i 10
- 5 6 1 10
6 3 1 10
7 ) 1 10
8 55 1 10
9 3 1 10
10 1 1 10
Average 6.6

Defect Density Control Chart

#Defects/ KLOC
1]

Module Number
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Testing Tool / Technology Evaluation Detail Report (TMM Level 5 Goal 3)
Date: 4/9/99
For Year 1999

Effort Unit: Man.Hours

TestingTool/ Description Tool Type Date Effort Benefit Cost Evaluation|
Technology ID Expected Actual Expected Actual Result
1 Test Power S/W  Test Case 10/1/99 30 100,000 170,000 B50,000 150,000 Accept

Test Expert Co.  Generator
2 Web Tester SS'W  Capture/ 12/1/99 20 1B200,000 300,000 Reject

- ATT Co. Replay

Total number of evaluated testing tool/technology : 20 Total evaluated effort : 500

Total expected benefit (only accepted) : 185,000,000 Total actual benefit : 84,000,000
Total expected cost (only accepeted) : 83,000,000 Total actual cost  : 183,500,000
Expected net : 182,000,000 Actualnet : B500,000
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Testing Effort Report (TMM Level 5 Goal 3)
Date: 4/9/99

For Year 1999

Effort Unit: Man.Hours

10

Effort/KLOC

Jan Feb Mar Apr May Jun Jui Aug
Month
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Defect Removal Effectiveness Report (TMM Level 5 Goal 3)

Date: 4/9/99

100
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60 M ros
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Y Effectiveness

Requirement
Design

Coding

Unit Test
Integration Test
System Test
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Phase
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Effort In Defining When To Stop Testing (TMM Level 5 Goal 3)
Date:4/9/99

For Year 1999

Effort unit : Man.Hours

100 -
80

60

Effort

40

20 H

Jan Feb Mar Apr May Jun Jul Aug
Month
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Defect Density Report (TMM Level 5 Goal 3)
Date:11/11/99

Software ID:LAS Name: Library Automation System

Version :1.0 Effort Unit: Man.Hours

Week #Defects KLOC #Defects/KLOC Arrival #Defects/KILLOC Cumulative

Actual Goal Actual Goal
40 120 100 1.20 1.10 1.20 1.10
41 80 100 080 0.60 2.00 1.70
42 60 100 0.60 030 2.60 2.00
43 : 45 100 045 _ 0.20 3.05 2.20
44 35 100 035 0.15 3.40 2.35
45 25 100 025 0.10 3.65 2.45

Defect Density By Time Graph
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Cumulative Defect Density By Time Graph
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A Set of Measurements to Improve Software Testing Process

Taratip Suwannasart'and Prapass Srichaivattana’
Department of Computer Engineering, Faculty of Engineering
Chulalongkorn University

Abstract: A set of measurements related to test-related data is developed to
be included in the Testing Maturity Model (TMM). The objective of
measurements is to track testing practices status in each level of the TMM
with the exception of level one. We use the Goal/Question/Metric paradigm

to derive the set of measurements.

The set of measurements will help

software development organizations improve their testing processes. Future
research will be focused on developing a tool to collect the measurements
and evaluating the usefulness of the measurements.

Key Words: Software testing, TMM, Measurement, Metrics

1. Introduction

Developing quality software is a goal of
every software development organization. To
achieve the goal, an organization must have a
mature testing process.  Since testing is key
activities related to software quality. A Testing
Maturity Model (TMM) has been developed to help
software development organizations evaluate, and
improve their testing processes. The TMM guides
the organizations improve their testing processes by
recommending a set of testing practices at each
level of maturity. The details of TMM
development can be found in [17.

In this paper we propose a set of
recommended measurements to be included in the
TMM. The proposed set of measurements assures
that the organizations perform the set of
recomumended  practices. Moreover,  the
measurements will show the status of the testing
practices performed. A major goal of the
measurements is to guide which test-related data to
be collected at each level of the TMM (except level
one). These quantitative data will be serve as a
foundation for managing and tracking testing
process, and a baseline for collecting organization’s
historical test-related data.

This paper we discuss an overview of the
TMM. How to define the set of recommended
metrics is then described. The set of recommended
measurements of each maturity level is discussed.
Summary and future research are then outlined.

2. An Overview of The TMM

The TMM development was guided by
four sources: the Capability Maturity Model
(CMM) version 1.1 [2], Gelperin and Hetzel’s
evolutionary testing model [3], industry testing

practices [4], and Beizer’s progression phases of a
tester’s mental model [5]. The CMM is a
comprehensive  process  improvement  model
developed by the Software Engineering Institute
(SEI) that has been accepted by the software-
industry. The Gelperin and Hetzel’s testing model
serves as the foundation for level differentiation in
the TMM. The industry testing practices illustrates
the testing practices and environments in the
software industry. The Beizer’s model gives the
individual tester’s thinking process.

The TMM version 1.0 has 2 major
components[6,7]: a set of levels and an assessment
model.  The details of each component are
described as follows:

2.1 A Set of Levels

The TMM is characterized as five maturity
levels. The TMM levels define a position in a
testing maturity hierarchy. Characteristics of each
level are described in terms of testing capabilities
and organization goals. With the exception of level
one, each level has the framework of maturity
goals, maturity subgoals, activities, tasks, and
responsibilities. The structure of the TMM is
shown in figure 1.

The set of maturity goals identifies key
process areas that must be addressed to improve
testing capability. The maturity goals of each level
(except level one) are illustrated in figure 2. The
maturity subgoals support one or more maturity
goals and define the scope, boundaries, and needed
accomplishments for a particular level. Activities,
tasks, and responsibilities are organized by three
critical views that represent each of the key
participants involved in the testing process:
managers, developers and testers, as well as users
and clients.
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Indicate Contain
’ating Capabilitieq ‘ Maturity Goals ‘
Supported by
J Maturity Subgoals ]
Achieved by

‘ Activities/Tasks/Responsibilities ‘

Organized by

| Critical Views }

E)evelopcrs/Tester# ‘ Users/Clients‘

S
Figure 1: The Structure of the TMM

Level 5: Optimization, Defect Prevention, and
Quality Control

Test process optimization
Quality Control
Application of process data for prevention

Level 4: Management and Measurement

Software quality evaluation
Establish a measurement program
Establish an organization-wide review program

Level3: Integration

Control and monitoring the test process
Integrate testing into the software lifecycle
Establish a technical training program
Establish a software test organization

Level2: Phase definition

Institutionalize basic testing techniques and methods
Initiate a test planning process
Develop testing and debugging goals

Level 1
Figure 2: The Maturity Goals by Level
2.2 The Assessment Model assess and improve their testing process
The TMM Assessment Model (TMM- capabilities. The TMM-AM consists of three

AM) [8] can be used by software organizations to components:



o The assessment procedure: provides a
series of steps to be followed by an
organization that needs to carry out a
testing process self assessment.

e A questionnaire: is the assessment
instrtument that helps collect and
record assessment information.

e Assessment training and team
selection criteria: The assessment
training provide a preparation of the
assessment team to conduct the self-
assessment.  The assessment team
members are selected based on their
understanding of the assessment
goals, knowledge, experiences, skills,
and commitments to test process
improvement.

Following the  TMM  assessment
procedure, an organization obtains the outputs of
the assessment as follows:

e TMM level (on a scale from 1 to 5)

e The organization testing process

strengths and weaknesses

e The Test process profile (a summary
of the organization’s testing process)

e Action plans for testing process
improvement

¢  Assessment record

3. How do we derive A Set of

Measurements?

We use Goal/Question/Metric (GQM)
paradigm [9] to derive a set of measurements for
each level of the TMM. The GQM is developed to
counter the problem that many software metric
programs have failed because they have poorly
defined, or even non-existent objectives. Originally,
it was used for evaluating defects for a set of
projects in the NASA/GSFC environment. Because
of its intuitive nature, the approach has gained
widespread appeal. According to the GQM, there
are three stages as follows:

1. Set goals specific to needs. Goals may
be defined for any object, for a variety
of reasons, with respect to various
models of quality, from various points
of wview, relative to a particular
environment.

2. Refine the goals into quantifiable
questions that are tractable.

3. Deduce the metrics and data to be
collected to answer the questions.

In this research, goals will be the maturity
goals of each level. Questions will be formulated to
achieve the goals. Then we derive the set of
measurements to answer those questions. The
details of each question can be found in [10]. In
this paper, we present only the maturity goals and
what to be measured in order to achieve the goals.

4. A Set of Measurements

As we discussed in the section 3 that we
use the GOQM paradigm to derive a set of
measurements for the TMM. This section we
describe brief characteristics of each level of the
TMM with the exception of level 1, maturity goals
along with their brief practices, and a set of
recommended measurements.

4.1 Level 2: Phase Definition

The testing goal at this level is to
demonstrate that the software product satisfies its
specifications and requirements. Testing and
debugging concepts are still not clearly defined.
Execution is considered as a primary testing
activity. There is some test planning, but it is done
after the code is developed. This level consists of 3
maturity goals, which are described below. A set of
measuremerits of this level is shown in Table 1.
Goal 2.1: Develop testing and debugging goal

In order to distinguish the differences
between testing and debugging process, an
organization should separate their cost.
Goal 2.2: Initiate a test planning process

The project manager should track status of
developing the test plan and define testing
activities, i.e. cost and schedule.
Goal 2.3: Institutionalize Basic Testing Techniques
and Methods

In order to know the status of using basic
testing techniques and methods, the organization
may track outputs from their uses, i.e. test cases.

Goals A Set of Measurements
2.1 Testing cost
Debugging cost

2.2 | Cost in developing test plans
Test schedule

2.3 | Numbers of test cases derived
from test techniques: black-box,
white-box

Table 1: A Set of Measurement at level 2

4.2 Level 3: Integration

An organization at this level has as its
primary testing goal: the ability to detect faults in
order to demonstrate that the program is error-free
and satisfies its requirements. The concept of
testing and debugging are clearly defined. Tests are
designed early to force the organization to be
concerned with testing at the earlier phases of the
software development process. The maturity goals
of this level are described below and a set of
measurements is shown in Table 2. .
Goal 3.1: Establishing the Software Test
Organization



In order to know the status of the test
organization, its manpower and cost should be
tracked.

Goal 3.2: Establish a Technical Training Program

The organization should provide a suitable
quantity of test training to testers and SQA groups,
i.e. the number of test-related courses per year.
Goal 3.3: Integration of Testing into the Software
Life Cycle

In order to track the results of integration
of testing into the software development life cycle,
the organization may use defects removed (found),
defects injected (origin) and defects escaped during
testing in software development life cyclein order
to derive the effectiveness of integration.

Goal 3.4: Controlling and Monitoring the Testing
Process

For activities defined in test plans, the
organization should control and monitor to see if
they are performed as planned. Test cases are very
important in the testing process, so the organization
should monitor their running status such as the
number of test cases passed and failed. The
organization should monitor the quality of unit
testing by measuring the test coverage: statement,
branch and basis path coverage. Moreover, the
status of integration testing shotld be tracked

Goals A Set of Measurements

3.1 Numbers of independent testers
Cost of test organization

3.2- Numbers of test-related courses

offered per year

3.3 Numbers of defects found by phase
3.4 Schedule slippage

Numbers of test cases passed
Numbers of test cases failed
Numbers of tested modules

% statement coverage

% branch coverage

% basis path coverage

Numbers of integrated and tested
modules

Table 2: A Set of Measurements at Level 3

4.3 Level 4: Management and Measurement
The primary goal of testing is to detect
requirements, design, and implementation faults.
The testing activities start at the earliest phases of
software development life cycle. Testing is parallel,
and not sequential to software implementation. The
testing life cycle is fully coordinated with the
software development life cycle and the review
process. The maturity goals are described below
and a proposed set of measurements at this level is
shown in Table 3.
Goal 4.1: Establish an Organization-wide Review
Program
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The organization should control the
effectiveness of the review process. The number of
defects removed by reviews is measured to indicate
the effectiveness.

Goal 4.2: Establish a Test Measurement Program

The TMM mentions that the organization
should collect details about defects, such as their
severity and type. Furthermore, the productivity of
testers should be measured.

Goal 4.3: Software Quality Evaluation

The organization should define quality
attributes of a software product and measure these
attributes.

Goals A Set of Measurements
4.1 | Numbers of defects removed by
reviews

4.2 | Numbers of defects founded in
each severity

Numbers of defects found in
each defect type

Testers’ productivity

43 Correctness

Efficiency

Flexibility

Interoperability

Maintainability

Portability

Reliability

Reusability

Testability

Usability

Table 3: A Set of Measurements at Level 4

4.4 Level 5: Optimization/Defect Prevention and
Quality Control

The primary goal of an organization’s
testing activities of this level is defect prevention.
Prevention applies to requirements, design and
implementation faults. At this level, we test to
demonstrate that the software satisfies its
specification, to detect faults, and to prevent faults.
This level consists of 3 maturity goals, which are
described below. The Table 4 shows a set of
measurements at this level.
Goal 5.1: Application of Process Data for Defect
Prevention

The organization should track activities of
the defect prevention, i.e. cost of finding root
causes of defects.
Goal 5.2: Quality Control

The organization should define the lower
control limit (LCL) and the upper control limit
(UCL) of metrics in the control chart to achieve
statistical process control. Good indicators of
testing process, that should be controlled, are as
follows defect density, review effort rate, test effort
rate, % statement coverage, % branch coverage,
and % basis path coverage.



Goal 5.3: Test Process Optimization

The organization should track the status in
evaluating new testing tools and technologies. The
TMM mentions that the organization should
determine when to stop testing. One possible way is
to compare the goal and actual failure rate. If the
differences are acceptable, the software is ready to
be released.

Goals A Set of Measurements
5.1 | Total effort in finding root causes
of defects

5.2 | LCL and UCL for defect density,
review effort rate, test effort rate,

% statement coverage, % branch
coverage, and % Dbasis path
coverage

5.3 | Total effort in evaluating new
testing tools and technologies

Total effort in defining when to
stop testing

Failure rate goal

Actual failure rate

Table 4: A Set of Measurements at Level 5

5 Summary

This paper presents a set of recommended
measurements for each maturity goal of the TMM
version 1.0. The set of measurements is derived by
the GQM approach. It reflects an organization’s
testing process and product so that the organization
can use the collected data to improve the testing
process effectively. What we propose here is only

a minimum set of measurements which we believe

that they are enough to reflect an organization’s

testing process. We define only what to be
collected, not how to collect. The characteristics of
each measure and a full set of measurements can be

found in [10].

For future research, we propose the following:

1. Characteristics of software quality metrics in
the level 4 are not clearly defined. A
Framework to measure them needs to be
developed.

2. A tool for gathering data sources to calculate
each measure will be developed. The tool will
help an organization to analyze and report test-
related data. It also should be developed to be
able to interface with other testing tools such as
test coverage tool, test case data generator tool,
and project management tool.

3. The proposed set of measurements should be
used and evaluated by software development
organizations. Feedback from them will help
us to improve the TMM.
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