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1. Introduction

§My career about software testing in Academia-
Industry

3

Satoshi Masuda, IBM Research - Tokyo

Year Industry Academia

2000

2010

2017

Test Engineer

Test Consultant
ASTER director
ISTQB member
ISO/IEC member
Company researcher

Ph.D. student

ASTER: Association of Software Test Engineering, NPO in Japan
ISTQB: International Software Testing Qualification Boards
ISO/IEC: International Organization for Standardization/ International 
Electrotechnical Commission
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1. Introduction

§This session is
–“Software Testing in Industry and Academia: A View of 
Both Sides in Japan ”
•from my experiences, researches

•updates on “Challenges in Japanese Software Testing 
Industry and Test Automation”(2011masuda) 

§Contributions for TAIC - PART to provide 
information from real - world

–ÒTAIC PART is a unique event that provides a stimulating 
platform to facilitate collaboration between industry and 
academia on challenging and exciting problems of real-world
software testing.Ó

http://www.thailandspin.com/Portals/0/pdf/2001109052%20Thailand%20SPIN%20Japanese%20Software%20Tetsing.pdf
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2. Facts about Industry 
and Academia in Japan

Industry
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2. Facts about Industry and Academia in Japan
2.1 Facts about Industry

§“Great Flat” about Japanese economy

Billion US$

USA

Japan

China

Source: http://ecodb.net/exec/trans_country.php?type=W EO&d=NGD PD &c1=JP&c2=U S&c3=CN &s= 1980&e=2016
based on IMF - World Economic Outlook(Apr, 2016)

GDP
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§Atmospheres in Japanese industry
•Number of workers not Grow
•Workers Getting Old

million

Age

Source: Ministry of Internal affair Japan
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§Information Services Industry Facts
–Industry population
–Industry structure

•Vendor Structure
•Contract Structure
•Embedded Systems, Enterprise Systems
•Out Source

2. Facts about Industry and Academia in Japan
2.1 Facts about Industry
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§Total number of information services Employee and 
Revenue

Total Revenue
Total number of Emp

Total number of Emp
(Ten Thousands)

Total Revenue 
(Trillion JPY)

200 Billion USD ->
(1USD = 100 JPY)

2. Facts about Industry and Academia in Japan
2.1 Facts about Industry

2004  05     06     07    08     09    10     11     12     13
Source: Japan Information Services Agency, 2011

From Ministry of Economy, Trade and Industry
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§Types of Industry

Source: Japan Information Services Agency, 2011 and 2016
From Ministry of Economy, Trade and Industry

Industrial
19.5%

Financial, 
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18.5%

Information 
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§Types of software in Japan

Source: Japan Information Services Agency, 2011 and 2016
From Ministry of Economy, Trade and Industry

Custom
Software
Development
52.5%

SoftwareProduct

Other SW Dev

Data center services

System
Operation

Other 
Information 
Services
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Data center services
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§Structure of software industry
–Enterprise software and Embedded software
Enterprise system
e.g.
Banking system
SCM system, etc.

Embedded system
e.g.
Video recorder
Car navigation system, etc.

2. Facts about Industry and Academia in Japan
2.1 Facts about Industry
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§Structure of Information Services Vendor
–Multiple Vendor Structure

Customer

Primary Vendor

Sub 
Vendor

Sub 
Vendor

Sub 
Vendor

Sub Sub
Vendor

Sub Sub
Vendor …

…
…

…

Hitachi, NEC, Fujitsu, 
NTT Data, IBM Japan
etc.

2. Facts about Industry and Academia in Japan
2.1 Facts about Industry
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参考：オフショア開発䛾動向!

15 

� オフショア開発䛿!""# 年以降、約$千億円程度で推移しており、相手国䛿８割が中国。%
� !"$& 年! 月䛾アンケートによれ䜀、今後も中国䛾重要度䛿変わらないが、政治的リスクや人件費高騰䛾影響

もあり、将来的に䛿成長著しいミャンマー、ベトナムなど䛾東南アジア地域へ䛾進出意向が高まっている。%

オフショア開発総額䛾年次推移 

オフショア開発発注先相手国䛾実績 
将来䛾オフショア開発進出先 

（出典）：ＩＴ人材白書!"$' （情報処理推進機構）%

（出典）：ＩＴ人材白書!"$' （情報処理推進機構）%

（出典）：()*+ グローバルビジネスアンケート（!"$&,! ）%

(※) 

※2005年度分䛿調査結果が存在しない 14

§Off shore Out Sourcing
(Million JPY)Total Amount of Off shoring (in 288Companies)

Source: “IT Human Resource White Paper 2013”
Information-Technology Promotion Agency Japan

1 Billion USD ->
(1USD = 100JPY)

2. Facts about Industry and Academia in Japan
2.1 Facts about Industry
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参考：オフショア開発䛾動向!
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�„ オフショア開発䛿!""# 年以降、約$千億円程度で推移しており、相手国䛿８割が中国。%
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※2005年度分䛿調査結果が存在しない 
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§Off shore Out Sourcing

Source: “IT Human Resource White Paper 2010”
Information-Technology Promotion Agency Japan

Percentage of offshore countries (in 288Companies)

China

India

Vietnam

Philippine

US,Canada

South Korea
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参考：オフショア開発䛾動向 

!" #

� オフショア開発䛿2007年以降、約1千億円程度で推移しており、相手国䛿８割が中国。 
� 2014年2月䛾アンケートによれ䜀、今後も中国䛾重要度䛿変わらないが、政治的リスクや人件費高騰䛾影響
もあり、将来的に䛿成長著しいミャンマー、ベトナムなど䛾東南アジア地域へ䛾進出意向が高まっている。 

オフショア開発総額䛾年次推移 

オフショア開発発注先相手国䛾実績 
将来䛾オフショア開発進出先 

（出典）：ＩＴ人材白書2013（情報処理推進機構） 

（出典）：ＩＴ人材白書2013（情報処理推進機構） 

（出典）：JISAグローバルビジネスアンケート（2014.2） 

(�d ) 

�d 2005年度分䛿調査結果が存在しない 
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§ Software Testing 
Market Perspective

–In enterprise, 
market exists 
over testing and 
development

–In embedded, 
some market 
exists on testing

Enterprise 
Software

Embedded 
Software

Te
st

in
g

D
ev

el
op

m
en

t market

market

market market

2. Facts about Industry and Academia in Japan
2.1 Facts about Industry



!" #$%&"'()"*+,-+,./0+1

2. Facts about Industry 
and Academia in Japan

Academic and Education
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§ About 70% of information technology (IT) engineers 
graduated from the department of information 
technology, science, and engineering in their 
respective universities. 

18
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IT人材白書2016 189

第
4
部

第
4
章

I
T
企
業
I
T
技
術
者
の
動
向

1  IT企業IT技術者の最終学歴／専攻
最終学歴は「大学学部」と「大学院」を合わせて7割弱、情報系専攻は4割弱
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高等学校 専門学校 短期大学高等専門学校（高専）
大学学部 大学院（修士課程） その他大学院（博士課程）

50代（N=267）

40代（N=406）

30代（N=177）

20代（N=200）

全体（N=1050）

0% 25% 50% 75% 100%

9.0

13.5

8.7

17.2 3.7

21.4 3.2

16.9

14.5

18.3

62.962.9 4.94.9

53.253.2

56.556.5

62.062.0

57.957.9

6.96.9

15.315.3

18.518.5

10.010.0
2.9 1.4

1.9

0.7
0.2

0.2

0.4

2.5

4.0

0.5 0.5

0.5

1.0
0.5

3.4
2.3 1.7

1.0
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情報系（情報工学・情報科学など） 工学系（情報系を除く） 経済学系理学系（情報系を除く）
文学系 法学系 高等学校普通科

経営学系
社会学系商学系

高等学校商業科 ・ 工業科など 上記以外 農学系外国語学系
総合学科系
体育系

教育学系 医歯薬学系
芸術学系
家政科系哲学・宗教系

50代（N=267）

40代（N=406）

30代（N=177）

20代（N=200）

全体（N=1,050）

0% 25% 50% 75% 100%

38.3

48.0

40.7

37.4

30.7

17.5

7.0

11.9

19.2

26.6

9.6

10.0

9.0

8.9

10.9

6.66.6

4.54.5

7.97.9

5.25.2

9.49.4

4.74.7

7.97.9

6.26.2

2.22.2

4.64.6 3.13.1 2.92.9

6.56.5 4.54.5

5.65.6

3.73.7

3.73.7

2.0 1.0

3.43.4 2.82.8

3.43.4

3.43.4
2.6

2.7

'¨��4Š'¨��'v���L�Q�G�G������������ ������������������������������������������

Information Technology Engineering          Sciences         

Source: “Information Technology Education in University”
Kazuki Kawamura et al, 2016, Nikkei BP.

Economics Business
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§About 50% of the syllabus for basic IT education was 
developed using lectures under the policies outlined 
in reference. 

19
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2.2 回答大学の構成
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図 付1.1 回答大学の学生数分布

2.3 一般情報教育の内容と体制
2.3.1 一般情報教育の実施に責任を有する学部、委員会などの組織の存在
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2.3.2 一般情報教育科目のカリキュラム及びシラバスの作成
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図 付1.2 一般情報教育科目のカリキュラム及びシラバス
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2.3.4 開講している科目の目的
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図 付1.3 開講している必修・必修相当の一般情報教育の目的
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図 付1.4 開講している選択科目の目的Source: “Information Technology Education in University”
Kazuki Kawamura et al, 2016, Nikkei BP.

Developed by university

Developed by lecturers based on guides

Developed by lecturers individually

Others

fig. Syllabus development types



!" #$%&"'()"*+,-+,./0+1

§The Information Processing 
Society of Japan (IPSJ) 
established the General 
Education Body of Knowledge 
(GEBOK) for general IT 
education. 

§There are nine areas in the 
GEBOK covering information 
and communication, algorithm 
and programming, information 
network, and information 
security. 

20 Source: Information Processing Society Japan,  Vol.49, No.7 July 2008

GEBOK

• Information and Communication

• Information Digitalization

• Computing Elements

• Algorithm and Programming

• Data Modeling and Manipulation

• Information Network

• Information Systems

• Information Security

• Computer Literacy

2. Facts about Industry and Academia in Japan
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§IT education classes consist of 10% at an elementary 
level, 50% at a basic level, and 20% at an advanced 
or professional level.

21
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 2 調査結果（全体編） 

���������s�t	�
教員の回答は回答者の約6割の61%で、約半数の47%が授業担当者です。
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下図は、回答大学（放送・通信大学は除く）の学士課程在学生数の分布です。学士課

程在学生の数が1万人以上であるのが約1割の11%、一方、2,000 人未満が46%です。

図 付1.1 回答大学の学生数分布
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回答の約6割の61%の大学が、「ある」としています。第1章で触れた2002年の調査
報告（以後、2002年報告と参照）の「一般情報処理教育（授業）の責任を負っている組
織の特定は困難」の状況ではありません。
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半数余りが「統一した方針に基づき担当者が個々に作成する」です。

図 付1.2 一般情報教育科目のカリキュラム及びシラバス

������������
ž	.�~
ž	.
ì�p�w�‰�è�J�è

約9割の91%の大学が、必修もしくは選択であるがほとんどの学生が履修する必
修相当の科目があると回答しています。その7割が、2単位の科目で、約半分の51%
の大学が、必修・必修相当の科目に加え、通常の選択科目があると回答しています。
2002年報告では「全体的には必修よりも選択での開講の方がやや多い」となってお
ります。今回の調査では、確かに選択科目も多く開講されていますが、約9割の大学
で必修・必修相当の科目が開講されております。
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開講している必修・必修相当の科目の目的は、複数選択可で、「専門分野を問わず
に求められる教養としての共通基礎教育」が中心です。

図 付1.3 開講している必修・必修相当の一般情報教育の目的

これに対し、開講している選択科目の目的は、「多様な知識や技術を興味に応じて
選択して学ぶ教養教育」が、ずっと大きくなります。教養教育として、理解しやすい
結果です。

図 付1.4 開講している選択科目の目的

Source: “Information Technology Education in University”
Kazuki Kawamura et al, 2016, Nikkei BP.

Elementary education
Basic education on IT

Basic education in university
Variety of IT technologies

Certification Training courses
Others

fig. Objectives of IT education courses
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3. Challenges for Software 
Quality and Testing

22
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3. Challenges for Software Quality and Testing

A System down

§The system was forced 
to suspend all morning. 
(2005)

§computer system 
malfunction stemming 
from a trading capacity 
expansion

Blank
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§A glitch in the system 
led to the cancellation 
of 46 domestic flights, 
affecting about 6,700 
passengers.

3. Challenges for Software Quality and Testing

A System down

Blank
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3. Challenges for Software Quality and Testing

Systems down..

25

Blank
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4. Solutions and Activities 
in Software Testing 
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§ Software Testing awareness-raising in Japan
– ASTER (Association of Software Test Engineering) 

established 2006

4 . Solutions and Activities in Software Testing
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§ NPO Aster activities:
–Software testing event organization

•JaSST (Japan Symposium on Software Testing)
–Certification

•JSTQB (Japan Software Testing Qualifications Board)
–Research & Development

•Testing Skills Standardization: Test.SSF
•Citation of best paper: Zengo Award

–International Research
•InSTA (International Workshop on Software Test 
Architecture)

•ISO/IEC JTC1/SC7/WG26 (Software Testing 
Standardization)

•ASTA (Asia Software Testing Alliance）
•to International Conferences.

–Education
•Supporting Seminars and Workshops in the community 

4 . Solutions and Activities in Software Testing
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§1. Innovations in software testing area
–Mapping software testing technique for us to select 
appropriate ones

State change testing

Orthogonal Array, Pair -wise,
HAYST technique

Exploratory Testin
Alternative Use Case

α・βtesting

Testing Technique MapTesting Technique Map

CoveredSpecified

Black Box

Equivalence partitioning
Boundary Analysis

Decision Table
Cause Result graph
Case Flow Diagram

Model Chcking

Random testing

White Box

Analyze Specula
Error guessing

Design

Specification

System
Requirements

Requirements

Specify Dynamic testing
by results ofstatic testing

Testing by 
Statistical data

Risk Base Testing

Single function
testing

Ad hoc 
testing
Ad hoc 
testing

Defect 
hypothesis

Timing testing

Use Case

Source: Koichi Akiyama, Fuji Xerox

Business Scenario 
Testing

3. Solutions and Activities in Software Testing
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§Solutions in software testing area
–Developing Software Testing Methodologies to get 
testing efficiently and effectively.

§ A example of 
methodologies

1. Identify test 
objectives 

2. Break down into 
details

3. Create test 
architecture

Source http://jasst.jp/archives/jasst11e/pdf/A4-3.pdf
Suzuki, SMG

3. Solutions and Activities in Software Testing

Identify test objects

Break down test objects

Create test architecture
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§Solutions in software testing area
–Develop software testing skills standard for education. 
“Test.SSF”(Test Skill Standard Framework)

Test.SSF

Source http://jasst.jp/archives/jasst10e/pdf/A2.pdf, Suzuki, ASTER

§ Test.SSF consists 
of 

1. Layers of 
software testing 
knowledges

2. Break down into 
detail skills

3. Solutions and Activities in Software Testing
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§How do industry and academia 
collaborate?

§Gaps in their attitude
–“Industry want to solve the problems now” 
by business needs

–“Academia interest about something new 
(ways to solve the problems)” by academic 
requirements

32

3. Solutions and Activities in Software Testing
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* My case collaboration 
Industry and Academia

33
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§My example about the Gap
–Business requirements: 

•Automatic generation test cases 
from user guides in natural 
language for video recorder 
series in this autumn.

–Research approach:
•“Semantic Analysis Technique of 
Logics Retrieval for Software 
Testing from Specification 
Documents”, (2015, Masuda et al.)

34

3. Solutions and Activities in Software Testing

Algorithm 1 The analysis technique algorithm
Input: documents which have been moporphological analyzed and dependency parsed

1:
2:
3:
4:
5:
6:
7:
8:
9:

10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:

for each Dm do
for all Pm(i) do

if Pm(i) = K1 then
CEi = i
Pm(i) = CE
if Pm(Depm(i)) �� Dm and Pm(Depm(i)) �� T then
AEi = i
Pm(Depm(i)) = AE

else next Dm
end next Dm

end for
for all Pm(i) do

if Depm(i) = CEi and max (i) then
Pm(Depm(i)) = AS

else next Dm
if Depm(i) = AEi andmax(i) then
Pm(Depm(i)) = CS

else next Dm
end for

end for
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* Decision Table Testing

§Requirement
–“If the age is more than twelve, the fee will 
be five dollars .”

§ISO/IEC/IEEE 29119-4 Decision Table Testing 
–Step 1: Identify Feature Sets (TD1)

•“If the age is more than twelve, the fee will be 
five dollars .”

–Step 2: Derive Test Conditions (TD2)
Conditions
•TCOND1(C1):”If the age is more than twelve ”
•TCOND2(A1):”the fee will be five dollars ”

“Semantic Analysis Technique of 
Logics Retrieval for Software Testing 
from Specification Documents”
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* Decision Table Testing

–Step 3:Derive Test Coverage Items (TD3)

–Step 4: Derive Test Cases (TD4)

Test Coverage 
Item

Decision Rules 1 2
Conditio
n

(C1):If the age is more than 
twelve

T F

Action (A1):the fee will be five dollars T F

Input Output

Test 
Case

age fee Test Coverage Item

1 20 five dollars 1

2 8 Not five 
dollars

2

“Semantic Analysis Technique of 
Logics Retrieval for Software Testing 
from Specification Documents”



!" #$%&"'()"*+,-+,./0+1

* Applying Natural Language 
Processing Techniques to Decision 
Table Testing
** Decision Table Testing Technique

37

if (A) is (B), (C) is (D).
Stakeholders often use 
their natural language
to exchange their idea, 
business processes, 
business rules and other 
specifications and 
describe the 
specifications into 
documents .

Decision 
Table

logic

Decision Table

Extractin
g 

Test 
CasesSyntactic Rules of Extracting 

Test Cases

“Semantic Analysis Technique of 
Logics Retrieval for Software Testing 
from Specification Documents”



!" #$%&"'()"*+,-+,./0+1

§Logic retrieval

§Sample specification sentence
1. Japanese: 

ÒMiraini betsuno detaga haitteitabaai , sono jitennno
tyokuzennwo shuuryoubitosurukoto .Ó

2. English: 
ÒIf another data exists in a future field, set a date just 
before the data as end date .Ó

38

* SEMANTIC ANALYSIS TECHNIQUE OF LOGICS RETRIEVAL

Japanese:

English:

“Semantic Analysis Technique of 
Logics Retrieval for Software Testing 
from Specification Documents”
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* Experiments

The 
analysis 
technique

Positive Negative

Evaluations
Positive

(a)
Negative

(b)
Positive

(c)
Negative

(d)
A 31 1 15 2
B 15 1 4 3
C 43 2 17 4
D 62 5 33 21
E 35 1 19 6
F 107 8 40 26

39

Document Groups

A B C D E F
Precision 0.97 0.94 0.96 0.93 0.97 0.93 

Recall 0.67 0.79 0.72 0.65 0.65 0.73

TABLE V. RESULTS OF RECALL AND PRECISION

TABLE IV. RESULTS THE ANALYSIS TECHNIQUE VS. EVALUATION 

“Semantic Analysis Technique of 
Logics Retrieval for Software Testing 
from Specification Documents”
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3. Solutions and Activities in Software Testing

§Collaboration Industry and Academia

AcademiaÕs solutions

Current New

S
ol

ve
 I

nd
us

tr
y 

pr
ob

le
m

s
N

ow Good collaboration Research approach

La
te Difficult problems Grand challenges
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§Software Testing in Industry and 
Academia:
A View of Both Sides in Japan
–Facts about Industry and Academia in Japan
–Challenges for Software Quality and Testing
–Solutions and Activities in Software Testing

5. Conclusion
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