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Abstract

As exemplified by Industry 4.0, software has become to a key role in our society.

Therefore, many educational institutions which have an information/computer

science department or faculty have been conducting practical exercises, named

as programming exercise and software development exercise. In these exercise,

students are required to learn software development techniques (e.g. coding,

testing, debugging) by performing these techniques by themselves. Investiga-

tions on programming behaviors by students are conducted in these exercises.

Programming behavior refers to a collection of metrics corresponding to cod-

ing, compiling, debugging, testing contents and products while a programmer

develops software. In this research, I focused on the exploratory programming

behavior and investigated it performed by students in introductory programming

exercise and software development exercise. The exploratory behavior means the

portions of programming behavior referring to trial-and-error cycle in order to

solve the errors or incorrect outputs in software development. By collecting and

investigating the exploratory behaviors by students, I assume that it is able to

support and educate students based on the understanding and difficulties of soft-

ware development by students. In my work, I focused on programming exercise

and software development exercise.

∗Doctoral Dissertation, Department of Information Science, Graduate School of Information

Science, Nara Institute of Science and Technology, NAIST-IS-DD1561020, March 15, 2018.



iv Abstract

Firstly, I collected and investigated the exploratory behavior, or named as

exploratory programming behavior, by putting my focus on the editing histories

by students. Moreover, I proposed an algorithm of automatically detecting which

portion of source code is performed as exploratory programming by students.

I collected the programming behavior logs from real introductory programming

exercise, and detected exploratory programming behaviors by using my proposed

algorithm. As the result, I am able to identify students who struggled for on

the assignments or the programming factors (e.g. if, while, array). As well,

I am also able to guess the causes of students’ failure and detect the different

approaches among the students. My proposed algorithm is able to automatically

detect exploratory programming behavior by her/him without forcing workloads

on educators. Educators are able to give more accurate and detailed advices for

each student based on her/his progress, approach that she/he wants to perform

and her/his difficult factors on programming.

Secondly, I collected and investigated the exploratory behavior by analyzing

build errors from each team in software development exercise conducted as a part

of CloudSpiral, which is one of the educational projects. In detail, I categorized

the build errors and investigated the cause of each build error based on the build

logs collected in CloudSpiral from 2013 to 2015. As the result, I identified the

errors caused by technical factors and also poor communication among team

members. In 2016, the instructors modified the software development exercise

based on my analyzed results. As the result, in 2016, the number of build errors

and the time required to solve the build errors decreased compared to previous

years. My results are able to not only provide instructors the solution of each

build error, but also give students detailed advices from educators when build

errors were occurred.
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(incomparable types: xxx and yyy)”

“xxx yyy (xxx cannot be applied to

yyy)”

C4: Semantic

Semantic

“xxx

(xxx is not public; cannot be accessed from

outside package)” “ (Statement not

reached)”

Seo

3.3.2. RQ2:

RQ2 RQ1 /

(

)
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3.4

3.4

UNIX 3.2.3

1 1 build.xml

24 /

20

1 Seo

[49] “ (Syntax)” 10 “

(TypeMismatch)” 3 “ (Semantic)”

1 1 Seo

3.4 3.2.3

SVN Jenkins

SVN

1
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3.3.3. RQ3:

RQ3 RQ1

Seo

( )

RQ2
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3.4.

3.3

2013 2016 CloudSpiral

PBL 2013

2015

CloudSpiral 2016 PBL

2016

2013 2015

2016

3.4.1. RQ1:

3.2

LOCAL REMOTE

2013 2014 2015 2016 2013 2014 2015 2016

2395 1506 1670 2655 2309 1610 1764 2065

340 142 297 331 149 219 94 30

2735 1648 1967 2986 2458 1829 1858 2095

3.2

3.2 3.3



3.4 65

3.3

LOCAL REMOTE

2013 2014 2015 2016 2013 2014 2015 2016

C1: Dependency 34 14 18 34 86 118 64 18

C2: Syntax 12 6 12 7 0 10 0 0

C3: Type Mismatch 2 3 1 16 28 27 18 2

C4: Semantic 6 16 2 10 19 5 10 2

C5: Annotation 6 22 11 15 16 59 2 8

C6: Environment 280 81 253 249 0 0 0 0

C1 C5 60 61 44 82 149 219 94 30

RQ1 Annotation Environ-

ment Annotation Java

Annotation @xxx

@Override @Test

Seo Override Annotation Semantic

3.2.1 PBL

Annotation Annotation

Semantic Annotation

Annotation Semantic

Seo Senmantic

Environment

Ant
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Tomcat Ant

Environment

C5: Annotation

Bean Validation*11

Annotation Annotation

“The annotation @NotEmpty is

disallowed for this data type” @NotEmpy String

Date

C6: Environment

Environ-

ment Tomcat Eclipse

“java.net.ConnectException: Connection refused”

PBL

Environment

3.4.2. RQ2:

*11http://beanvalidation.org/
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3.5 (

)
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3.4

LOCAL REMOTE

E/T(%) E/T(%)

C1: Dependency 44 0.77 79 1.29

C2: Syntax 22 0.38 6 0.10

C3: Type Mismatch 4 0.07 13 0.21

(56 ) C4: Semantic 21 0.37 10 0.16

C5: Annotation 30 0.52 36 0.59

C1: Dependency 22 0.38 189 3.08

C2: Syntax 8 0.14 4 0.07

C3: Type Mismatch 2 0.03 60 0.97

(92 ) C4: Semantic 3 0.05 24 0.39

C5: Annotation 9 0.16 41 0.67

3.3

3.5 ID

ID

ID

2013 2015

3 3.4

/

0 4

3 3

100 E/T 3.4 E/T
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3 /

3 / 3.2 3.3

Environment 5736 6145

3.3 Dependency

Seo Google

Dependency

Dependency Dependency

Dependency “

(cannot find symbol)” Dependency

88% 51%

( )

Account.java

AccountTest.java

Account.java

AccountTest.java

AccountTest.java

Account.java

Account

Dependency

Dependency

3.2
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13 (

)

Syntax

1

AccountTest.java

Account.java

3.4

( ) 3.4

Syntax

3.5
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B.1 Syntax

Syntax

Syntax Syntax

Eclipse

Syntax Eclipse

Syntax

/

Syntax Semantic Annotation

Syntax

Semantic Annotation Syntax

2

3.5 3 Annotation 2014 5

2014 5

Annotation preSprint preSprint

Annotation

3 9 9 7 Annotation

preSprint Sprint1 2 Sprint2

Annotation Annotation
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Dependency Annotation Type Mismatch

Type Mismatch
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MIX

3.6

Syntax Type mismatch Semantic Dependency Annotation

MIX

MIX

3.4.4. 2013 2015

CloudSpiral PBL

RQ1

RQ2 RQ3 2013

2015 RQ2 RQ3

RQ2

Syntax

Semantic Annotation

3.4.2 Semantic Syntax

Annotation

2 Annotation
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Dependency Type Mismatch

3.4.2 Dependency

Type Mismatch

cant.apply.symbol Dependency

cant.resolve

Dependency cant.resolve

3.4.2

Dependency Type Mismatch

Dependency( )

Dependency

Dependency

Seo [49] Phillips [44]

Dependency

RQ2

3.3.2
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3.4.2 3.4

148 92 62%

( )

( )

92

Syntax

SVN

2013 Team2 3

3.2.1 2

2 3

PBL

/

RQ3

PBL
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3.6 1

1

11

11 7 3.5.1

(

)

2013 5 2014 1 7 9 2015 4 5

SVN

3.6

PBL

RQ1 RQ2 RQ3

PBL

RQ2
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Syntax Semantic Annotation

SVN

RQ3

import

SVN

RQ2 RQ3

3.5.

2015 RQ2 RQ3

2016 PBL CloudSpiral

PBL
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Mix

2016

3.5.1.

2016 CloudSpiral PBL

3.2 3.3 2016

2013 2015 3

2014 7 1

2016 CloudSpiral

Syntax Type Mismatch

Semantic /

3.5 2016 1 Syntax

Annotation

2 7

Annotation
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2

Annotation 2013

2015 3

Annotation

2016 /

3.7 2016 CloudSpiral

MIX

3.6.

CloudSpiral

PBL

2 2013 2015

Seo PBL

6

Dependency( )
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2016 2013 2015 Cloud-

Spiral

2016

CloudSpiral PBL
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4

CloudSpiral CloudSpiral
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2013 2015

Seo Google

2013 2015

CloudSpiral 2016

2014

2016 7 1

e-learning MOOCs

C D



85

e-learning MOOCs
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Team Software Development

5
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Database & Software Engineering
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A. 2

A.1. 1

1

N(N 2 9 ) N×N 1

(N 9 )

1 32 31 30 29 28 27 26 25

2 33 56 55 54 53 52 51 24

3 34 57 72 71 70 69 50 23

4 35 58 73 80 79 68 49 22

5 36 59 74 81 78 67 48 21

6 37 60 75 76 77 66 47 20

7 38 61 62 63 64 65 46 19

8 39 40 41 42 43 44 45 18

9 10 11 12 13 14 15 16 17

(N 2 )

1 4

2 3
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1

SG1

SG2

SG3

SG4

SG5

SG6

SG7

1

1 (SG1 SG2 )

2

3 (SG3 )

4 3 (SG7 )
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3
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(SG4 )
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A.2. 2

2 Sum of 4 Integers

50 n 0 9 a b c d

a + b + c + d = n

n 35 (a b c d) (8 9 9 9) (9 8 9 9) (9 9 8

9) (9 9 9 8) 4 4
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B. 3

B.1.
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A.1 2013
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A.2 2014
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A.3 2015
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B.2.

A.1:

Dependency cant.resolve

doesnt.exist XXX

Syntax expected

not.stmt

missing.ret.stmt return

illegal.start.of.expr

illegal.end

illegal.start.of.type

illegal.character XXX

missing.semi.stmt

TypeMismatch cant.apply.symbol

incompatible XXX

type.List.does.not.take.para XXX

no.suitable.constructor

unchecked XXX YYY

no.suitable.method

Semantic exception.doesnot.throw XXX

not.def.public.cant.access

unreported.exception XXX

should.be.declared XXX

already.defined

class.is.public XXX public

not.initialized

static.imp static

duplicate.class

statement.not.reached

non-static.cant.be.ref static XXX static

cannot.be.accessed

catch.without.try catch try

no.suitable.identifier

identifier.expected

Annotation disallowed.annotation The annotation @XXX is disallowed

for this data type

may.not.be.annotated Void methods may not be annotated

with constraint annotations.
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A.2

2013 2014 2015 2016 2013 2014 2015 2016

[DE]cant.resolve 13 13 10 26 67 114 55 16

[DE]doesnt.exist 21 1 8 8 19 4 9 2

[SY ]expected 6 2 6 2 0 8 0 0

[SY ]not.stmt 1 1 1 0 0 1 0 0

[SY ]missing.ret.stmt 0 0 0 1 0 1 0 0

[SY ]illegal.start.of.expr 3 1 2 3 0 0 0 0

[SY ]illegal.end 1 1 0 0 0 0 0 0

[SY ]illegal.start.of.type 1 0 3 0 0 0 0 0

[SY ]illegal.character 0 1 0 0 0 0 0 0

[SY ]missing.semi.stmt 0 0 0 1 0 0 0 0

[TM ]cant.apply.symbol 2 1 1 4 28 17 18 0

[TM ]incompatible 0 1 0 3 0 4 0 2

[TM ]type.List.does.not.take.para 0 1 0 0 0 3 0 0

[TM ]no.suitable.constructor 0 0 0 0 0 3 0 0

[TM ]unchecked 0 0 0 8 0 0 0 0

[TM ]no.suitable.method 0 0 0 1 0 0 0 0

[SE]exception.doesnot.throw 4 0 0 0 5 0 7 0

[SE]not.def.public.cant.access 0 0 0 1 9 2 0 0

[SE]unreported.exception 0 7 0 0 5 0 3 0

[SE]should.be.declared 0 0 0 0 0 0 0 2

[SE]already.defined 1 2 0 1 0 1 0 0

[SE]class.is.public 0 3 1 0 0 1 0 0

[SE]not.initialized 0 1 0 1 0 1 0 0

[SE]static.imp 1 0 1 0 0 0 0 0

[SE]duplicate.class 0 1 0 0 0 0 0 0

[SE]statement.not.reached 0 1 0 0 0 0 0 0

[SE]non-static.cant.be.ref 0 1 0 0 0 0 0 0

[SE]cannot.be.accessed 0 0 0 4 0 0 0 0

[SE]catch.without.try 0 0 0 1 0 0 0 0

[SE]no.suitable.identifier 0 0 0 1 0 0 0 0

[SE]identifier.expected 0 0 0 1 0 0 0 0

[AN ]disallowed.annotation 6 22 11 14 11 59 2 8

[AN ]may.not.be.annotated 0 0 0 1 5 0 0 0
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