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A Framework for Supporting Software Engineer
Education and an Effective Prct?ess
for Learning Programming”

Yasuhiro Takemura

Abstract

The purposes of this paper are to establish a systematic management method for securing
enough software engineers stably and continuously under the employment system of
dispatched workers, and to systematize the programming education process so that software
engineers can achieve efficient learning, which enable them to systematically acquire
knowledge and techniques concerning development environments. In today's situation where
the technologies for information communication are in progress, it is an urgent task for a
company to secure enough software engineers for the development, operation, and
maintenance of a computer system. On the other hand, the company has to avoid increase in
numbers of employees to aim the rationalization of management. However, employment of a
full-time software engineer requires the steady cost. The demand of dispatched workers is
increasing as one solution for such an inconsistent problem.

This paper proposes a framework for supporting software engineer education as one of
the systematic management methods to secure software engineers who may satisfy the
required technical level from a company in the system of dispatched workers. This paper also
analyzes the change of the comprehension levels in the process of learning phases and the
ordering relation (relation which needs to understand other knowledge for understanding one
knowledge), in recent trend of Java programming language as a development environment.

In order to establish a framework for supporting software engineer education, the author
firstly analyzes the tendency of supply and demand of dispatched workers and the forms of
dispatched workers. Then proposes a supporting framework for software engineers from the
viewpoint of software engineering education. The framework incorporates practical solutions
in the conventional form of the system of dispatched workers: forecasting the needs of
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dispatched workers in the near and far future, offering the additional job to support excess
personnel, and engineer education by cooperation with educational organizations. This
framework is based on the characteristics of a software engineer's learning, which requires a
lot of time and cost to adjust to the change of development environment.

In the analysis of evolving engineer's comprehension levels followed by the change of a
learning phase, the author proposes a method for observing the changes of factors between
learning phases based on factor loadings. In the experiment, subjects took a test in each
learning phases ((1) before learning Java language, (2) after learning Java language using a
textbook, (3) after a programming exercise using a computer). The subject’s comprehension
levels were clarified by illustrating the changes of factors extracted from the result of the test.
Consequently, the author found that the concept peculiar to a programming language was
understood after the programming exercise, which was not understood during the learning
phase using a textbook.

In the analysis of the ordering relation, the author proposes a statistical analysis method
employing Ordering Theory proposed by P. W. Airasian et al., then extracts the ordering
relation between knowledge items of Java language based on the method. The method
statistically rectifies the ill-suited relations produced by "0 freak of chance" and "careless
mistake" of subjects. Moreover, the author also proposes a method for simplifying the ordering
relations to represent a sophisticated structure of whole ordering relations. In order to
evaluate the proposed method, the author conducted an experiment in which subjects took a
lecture, an exercise, and a test. The understanding order of Java language and an efficient
learning process was derived by the propose method. In the analysis of experiment result, 104
ordering relations was extracted from 25 knowledge items, and the relational structure was
constructed, where the knowledge items are integrated into 9 clusters. The efficient learning
process of Java language was extracted from the relational structure, and the difference
between the learning process and the table of contents in the books of Java language was compared.

The result of this research will contribute to the establishment of an efficient
employment system of dispatched workers and to the systematization of software engineering
education, which are essential parts in the progress of the information technologies.

Keywords([]

software engineers, dispatched work, technical education, comprehension levels,
ordering relation, relational structure, understanding order, Java programming
language
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TAMNAEDIER BB I LB EfRE
correct answer of the | knowledge required for |rate of the correct
test items the answers answers

Al (Bt Instance variable 83.3%
A2 (TFHELEEI SR Super class 97.0%
A3 |UTREH Class variable 83.3%
A4 |HEE Inheritance 84.8%
A5 |HTUTX Sub class 93.9%
A6 |[EiE Instance variable 81.8%
A1 |AR—ILUTX Super class 80.3%
A8 (TR Class 50.0%
A9 [AVRBAVA Instance 77.3%
A10 [ AYYR Method 90.9%
INNREPVEIVE T Instance variable 74.2%
A12 [R—/X—H5X Super class 95.5%
Al13 | T RAYYR Class method 93.9%
A4 | (R TT—R Interface 74.2%
A5 |/XyiT—2 Package 84.8%
B1.1 [Class Class 81.8%
B1.2 |String Method variable 66.7%
B1.3 |new Instance 65.2%
B1.4 [set Instance method 60.6%
B1.5 |obj Instance method 34.8%
B2.1 |obj=(10,20) String 42.4%
B2.2 |x=20 Local variable 45.5%
B2.3 [y=30 Local variable 45.5%
B2.4 |getx: 10 Instance variable 47.0%
B2.5 |gety: 20 Instance variable 47.0%
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The knowledge item which receives an ordering relation
fl f2 3 f4 f5 | f6 7 8 f9

B2.1 B24 B25[A1 A6 A7 [B22 B23[A10 A12 A5 [A3 [A2 [A14 Al5 A8 BI5[A9 Bi1 B12 [All A13 A4 BI3 B4

B2.1 [0.05 0.60 0.60[0.81 0.83 0.81[0.79 0.79]0.88 0.90 0.89/0.81]0.91[0.79 0.82 0.46 0.77[0.78 0.90 0.87[0.77 0.88 0.84 0.83 0.82

— | f1 |B2.4]0.37 0.03/0.03|0.79 0.77 0.80[0.79 0.79|0.86 0.88 0.87/0.83|0.89(0.80 0.83 0.45 0.81({0.71 0.88 0.84(0.72 0.86 0.79 0.78 0.76
2 B2.5 |0.37.0.03 0.03/0.79 0.77 0.80[0.79 0.79|0.86 0.88 0.87/0.83|0.89(0.80 0.83 0.45 0.81[0.71 0.88 0.84[0.72 0.86 0.79 0.78 0.76
- A1 [0.13 0.20 0.20{0.00 0.11]0.02{0.22 0.22[0.39 0.44 0.37[0.44/0.43/0.23 0.34 0.10/0.08]/0.06 0.37 0.41/0.58 0.45 0.34 0.34 0.38
o | f2 (A6 ]0.37 0.20 0.20[0.16 0.00 0.17(0.45 0.45|0.45 0.56 0.43|0.63|0.49(0.21 0.23 0.17 0.20[{0.19 0.37 0.41{0.39 0.43 0.23 0.34 0.29
% A7_[0.37 0.43 0.43]0.08 0.23 0.00{0.54 0.54/0.50 0.60 0.48[0.48|0.53|0.28 0.30/0.07 0.34]|0.26 0.50 0.49/0.53 0.48 0.39 0.43 0.38
& | ¢ [B22[0.750.810.81/0.80 0.83 0.83]0.04/0.04/0.87 0.87 0.88)0.80(0.89]0.81 0.84 0.36 0.84(0.78 0.90 0.84/0.81 0.86 0.82 0.82 0.80
@ B2.3 [0.75 0.81 0.81{0.80 0.83 0.83[0.04 0.04/0.87 0.87 0.88/0.80/0.89[0.81 0.84 0.36 0.84[0.78 0.90 0.84/0.81 0.86 0.82 0.82 0.80
g A10 [0.25 0.20 0.20/0.10 0.10 0.11{0.22 0.22[0.00 0.12/0.06/0.10{0.19]0.14 0.17/0.09 0.34/0.06 0.21 0.15/0.24 0.13 0.17/0.08 0.19
3| f4 |a12 |0.13 0.10 0.10[0.02 0-08 0-08|0.04 0.04{0-01 0.00 0.000.02|0-04|0-04 0.07 0.15 0.20{0.04 0.08 0.08]0-04 0-01 0.02 0.08 0.10
g A5 [0.13 0.10 0.10[0.02 0.02 0.02{0.11 0.11]0.01 0.01 0.00/0.06/0.03|0.01 0.06 0.05 0.20|0.01 0.03 0.08|0.09 0.01 0.02 0.08 0.10
5[ 5 A3 0.13 0.43 0.43]0.44 0.60 0.37/0.22 0.22[0.39 0.44 0.45/0.00{0.43]0.07 0.43 0.10 0.20[0.30 0.55 0.33[0.14 0.45 0.43 0.25 0.10
g 6 |A2 [0.13 0.10 0.10/0.01 0.01 0.01|0.04 0.04[0.02 0.01 0.00{0.01[0.00/0.00 0.03 0.01 0.08/0.01 0.01 0.03]0.05 0.00 0.00 0.03 0.01
< A14 |0.57 0.66 0.66/0.53 0.47 0.48|0.68 0.68[0.65 0.67 0.59/0.39(0.62|0.00 0.38/0.09 0.34/0.26 0.67 0.72/0.58 0.59 0.52 0.66 0.60
] 7 |A15 0.130.320.32/0.28 0.12 0.13|0.33 0.33/0.41 0.46 0.39]0.38|0.45/0.03 0.00/0.01/0.20|0.23 0.29 0.49|0.25 0.39 0.18 0.43 0.29
8 A8 [0.78 0.81 0.81{0.79 0.79 0.75|0.76 0.76[0.85 0.88 0.86[0.79|0.86/0.69 0.76 0.00 0.81]|0.68 0.88 0.86/0.75 0.84 0.79 0.83 0.82
= B1.5 |0.86 0.90 0.90/0.83 0.84 0.84/0.90 0.90/0.91 0.92 0.92|0.85]0.92[0.79 0.86 0.58 0.08[0.81 0.93 0.91{0.80 0.91 0.85 0.90 0.90
g A9 [0.37 0.20 0.20{0.27 0.36 0.37]0.45 0.45[0.53 0.62 0.51({0.51/0.61]0.15 0.50/0.02 0.34]/0.00 0.64 0.65/0.49 0.44 0.34 0.50 0.47
g. 8 |B1.1 {0.37 0.32 0.32]0.33 0.25 0.35/0.54 0.54{0.52 0.56 0.43[0.57({0.49(0.39 0.32 0.27 0.34/0.46 0.00 0.41(0.48 0.50 0.41 0.34 0.47
Q B1.2 |0.48 0.52 0.52/0.69 0.66 0.66[0.45 0.45/0.73 0.77 0.75|0.65|0.77]0.73 0.75 0.33 0.47[0.72 0.75 0.00[0.49 0.75 0.65 0.62 0.69
3 A11 [0.48 0.43 0.43[0.73 0.60 0.66{0.68 0.68[0.69 0.67 0.68[0.47|0.70/0.58 0.58 0.25 0.47]|0.57 0.70 0.49/0.00 0.59 0.46 0.50 0.38
) A13 [0.05 0.03 0.03(0.06 0.02 0.02|0.04 0.04/0.04 0.03 0.01(0.06/0.03|0.01 0.06 0.01 0.08/0.00 0.08 0.08/0.01 0.00 0.00 0-01 0.01
g' f9 (A4 [0.250.10 0.10[0.28 0.12 0.21(0.22 0.22/0.41 0.38 0.31]0.38/0.37(0.16 0.18/0.05 0.08[0.07 0.37 0.23[0.08 0.22 0.000.08 0.04
B1.3 |0.25 0.20 0.20(0.68 0.64 0.65[0.33 0.33/0.72 0.79 0.77/0.64]|0.78|0.68 0.74 0.22 0.47([0.62 0.75 0.65[0.53 0.71 0.59 0.01 0.10

B1.4 |10.37 0.32 0.32/0.74 0.68 0.69[0.45 0.45/0.79 0.82 0.81)0.64]/0.80[0.67 0.73 0.25 0.58[0.66 0.82 0.77[0.54 0.76 0.63 0.34 0.01
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FREOBRERE 8 X EHR
class of ingt_)nsistency frequency relative

probability frequency
0.0 ~0.10 104 0.173
0.10~0.20 48 0.080
0.20~0.30 53 0.088
0.30~0.40 62 0.103
0.40~0.50 66 0.110
0.50~0.60 38 0.063
0.60~0.70 48 0.080
0.70~0.80 64 0.107
0.80~0.90 99 0.165
0.90~1.00 18 0.030
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U4 tubougoobggooooao

classification of | knowledge item of factor loadings

the factors the test items a( 1) a( 2) a( 3) a( 4) a( 5) a( 6) a(7) a( 8) a( 9)
(B2.4) Instance variable 0.95 0.11 0.14 | -0.05 -0.04  -0.01 -0.05 0.05 -0.22
(1)iMethod (Code) §(B2.5) Instance variable 0.95 0.11 0.14| -0.05 -0.04 [ -0.01 -0.05 0.05 -0.22

(B21) String 068| 014]| 027| -003| 023| -006| -020| 017] -0.10
(A1) Attribute 018| 077] o15| -013| -002| 008| -011| 005| 014
f(2){Class.Variable  {(A7) Super ciass 004| 068] 000| 001| 004] 007| -020| 007]| -0.11
(A6) Attribute 015| 046| 001| -001| -031| 012] -028| 016] -025
#3) Varisble (Code) |(E2:2) L0cdl vaicble 020| 006 096| -010| 007| 006 -006| 006| -0.11
(B2:3) Locd vaiable 020| 006| 096| -010| 007| 006| -006| 006| -0.11
(A5) Sub class 003| 018] -002| -076| -005| 031| -011| 007]| -0.10
fa)iSuper Olass. HAT5) Siper class 002 -013| 013] -075] 004| -006| 004| -001| 003
(A10) Method 002| 027| 003| -087| 012| -04i| 010| -005| -008
#(5) Class Variable _{(A3) Class variable 008| -001| o014| -007| 080| 008 -010| 001] -012
(6) Thought (A2) Super class 006 ofof ofof -005| 007] 075] -002] 005]| -007
(A15) Package 006 017] 006] 008[ -005[ -010f -073| 009 -0.10
(A14) Interface 002 019] -005| -013[ 030[ 033 -058| -0.13| -009

f(7):Class Interface

(A8) Class 0.16 0.20 0.28 0.01 0.14 0.10| -034| -0.10]| -0.21
(B1.5) Instance method 0.20 0.25 0.12 0.01 0.21 0.08| -0.25 024 -0.23
(B1.2) Method variable 0.21 0.09 0.27 ] -0.07 0.14] -0.05 0.06 049 | -0.25
f(8)iClass Instance  {(A9) Instance 0.26 0.40 0.07 ] -0.24 0.03 0.13| -029]| -044| -024
(B1.1) Class 0.17 0.19 ] -0.04 0.01] -0.19 0.19] -0.15 039| -0.04
(B1.4) Instance method 0.42 0.14 0.33 0.13 0.25 0.17 0.00 0.04]| -0.58
(A11) Instance variable 0.17] -0.21] -0.05] -0.02 021] -0.16| -0.15 0.14] -0.58

(9): Variable Method }(B1.3) Instance 0.41 0.23 0.32 0.03 0.17 0.04 0.15 0.15] -0.58
(A4) Inheritance 0.14 0.14 0.10] -0.13] -0.11 0.12] -0.26 005 -057
(A13) Class method 0.1 0.06 0.10] -0.39] -0.06 033] -013] -0.19] -0.53
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B. 0OOOOOOOOOOOOOOOOOOOOO
//MPoint" 000000
Point {
//00000
int x, y;
//0000000
public String toString() {

return |I(||+X+|I’|l+y+n)n;

}
void set(int a, int b){ /0000000000000
X =a
y = b;
}
int getx(){//x000000000
return x;
}
int getyQ{//y0000000O0ODO
return y;
}
public static void main( args[D{
int x=20, y=30;
Point obj = B1.3 Point(); // 00
gopoooo
obj - (10, 20);
System.out.printin(obj="+ [ B1.5 | ):// OO
0B2.10
System.out.printin("x="+x); // U0 0OB2.20
System.out.printin('y="ty); // U0 0OB2.30
// x,y 00000000000000
System.out.printin(“getx: "+obj.getx());// 0L OB2.40
System.out.printin(“gety: "+obj.gety());// 0L OB2.50
}

}  //point'DOO0DODOOODOO

BL10B15 0000000O0O00O0O[  |ooOooooo
B210B25 O000000000000000000OOO
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