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Estimation Support for Unit Cost of Engineers
Considering Software Price Calculation by Users
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Abstract: Price of software is very important for software user companies. On custom software develop-
ment, to validate the price of software, price is sometimes estimated with multiplying software development
effort by unit cost of software engineers. To multiply the unit cost, we should know the participation rate of
developers based on their roles such as project manager. However, software user companies do not always
know such rate. Hence, the goal of our study is to support unit cost estimation without using the rate of
developers. To achieve the goal, we clarified factors which affect the unit price, and showed the distribution
of the unit price on each factors. In the analysis, using 99 data points where missing values were eliminated
by listwise deletion, we applied multiple linear regression. Additionally, we applied bivariate analysis, using
220 to 446 data points where pairwise deletion was applied. As a result, we clarified the relationships between
the unit price and some factors such as programming language and contract type on the basic design phase.
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Table 1 Percentages of each business sector on the dataset.

i V7L FA V7L B
R 3% %
pSEES 22% 26%
Bt - AGE 6% 10%
1 (5 3 6% 5%
lREES 19% 20%
Sl - R 19% 18%
Y-t ¥ 9% 2%
NS 99% 5%
Zofh 6% o)

®2 FYIEINLMESHEOEE

Table 2 Percentages of each programming language on the

dataset.
R EE b7y bA YTy B
ASP/ASP.NET 4% 11%
C/C++/VC++/C# 12% 10%
COBOL 7% 2%
Java 25% 35%
MS-ACCESS/SQL 3% 3%
VB/VB.NET 16% 9%
Web % 2% 1%
F_T 50%LL T 12% 13%
Z O 18% 15%

®3 Y7y b AIIBITAERSFP LHUFE MO SRR = (%

## FP 1220 1, B Bl ¢ 477 #4)
Table 3 Basic statistics of actual FP and unit cost of engi-
neers on the subset A (Actual FP: 220 data points,

unit cost of engineers: 477 data points).

o e o o
oM T R

FfE FP 13.0  693.5 1558.1 20636.0 2525.5
i B 0.40 0.90 0.97 333 0.36
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Table 4 Basic statistics of actual FP and unit cost of engi-
neers on the subset B (Both actual FP and unit cost

of engineers: 99 data points).
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Fig. 1 Relationships between extracted subsets.
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Table 5 An example of pairwise deletion.

. . - kM S5
Project Bl EAR = N
Project H | 0.88 &3 VB Y Y
Project I 0.88 M COBOL | Y
Project] | 0.83 H—ER¥ VB Y
Project K | 0.82 iz - Y
ProjectL | 091 - VB Y
Project M | 0.82 &3 - Y

£6 SroNsnsz7raycs b BB (7€ Y B
ZHW2GE)
Table 6 An example of removed projects and variables on the

analysis (when the subset B is used).

Project HAm EFE Gl mlEEf —b 2 E)
Project A 0.88 43 1 0 0
Project B 007 b 0 I 0
l ProjectC 076 H—t =% 0 0 1
ProjectD  1.09 #LiE3E 0 1 0
Project E  0.71 &t 1 0N\, ",
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Table 7 Correlation coefficients to unit cost of engineers.

PEEBEE 1T Hiliak
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Table 8 Relationships between unit cost of engineers and each

variable.

e sk e

miBTaER T e
BRI REI AR R -4.00 0.00
PG &7t 3.51 0.00
B3 S5E(VB) -2.81 0.01
TF U A ORER & RES 249  0.02
FEE B DRSS & 2 B 242 0.02
FATET LV ORH L EEHEE T L O 2.19 0.03
PHHSER(C 558 =213 0.04
SRR (B RR IR ZE) 2.10 0.04
Tavx s MEBORER L RET -1.88  0.06
FEkE FP -1.82  0.07

&9 THMEORE

Table 9 Comparison of prediction accuracy.
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Fig. 6 Relationship between programming languages and unit

cost of engineers (Subset B: 65 data points).
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quirements and unit cost of engineers (Subset A: 446

data points).
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Fig. 16 Relationship between business sector and unit cost of

engineers (Subset B: 74 data points).
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Fig. 19 Relationship between software size and unit cost of

engineers (Subset A: 220 data points).
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