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ABSTRACT

In this research, to establish a benchmark for software mainte-
nance efficiency, we analyzed factors affecting the work efficiency
and showed reference value stratified the factors. We analyzed
dataset of software maintenance collected from 83 organizations.
Attributes recorded in the dataset are standardization status of
organization, system architecture, the number of engineers, the
number of base modules, the number of modified modules, and so
on. In the analysis, we regarded modified modules per engineer as
a work efficiency index, and clarified relationships to other attrib-
utes. As a result, we identified that standardization status of or-
ganization is important for work efficiency.

Categories and Subject Descriptors

K.6.3 [Management of Computing and Information Systems]:
Software Management — Sofiware maintenance, Management of
Computing and Information Systems]: general — Economics.

General Terms
Management, Measurement, Economics.

Keywords
Module modification, productivity, cross-company dataset,
benchmarking.

1. INTRODUCTION

Recently, a number of software users (companies or organiza-
tions) contract with software developers (companies) for mainte-
nance of enterprise software, and therefore the agreement of soft-
ware maintenance becomes more important. Software mainte-
nance does not mean only removing faults found after software
release. Software needs extensions or modifications of its func-
tions due to changes in a business environment, and software
maintenance also indicates them. ISO/IEC 14764 classifies soft-
ware maintenance into followings:
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1.  Corrective maintenance: modifications of faults found after
software release.

2. Preventive maintenance: corrective modifications before
potential faults become actual faults, after software release.

3. Adaptive maintenance: modifications to keep software
availability against environmental changing after software
release.

4.  Perfective maintenance: modifications for conservation or
improvement of software performance or maintainability af-
ter software release.

In this research, we try to establish a benchmark (reference values
to compare an organization’s work efficiency with others [5]) of
work efficiency for software maintenance contract. To establish
the benchmark, factors affecting work efficiency (e.g. system ar-
chitecture) are clarified first, and then the dataset is stratified by
the factors, using dataset collected from various organizations
(cross-company dataset). When using the benchmark, compare
work efficiency with a reference value whose factor (e.g. system
architecture) is correspond to the target. We focus on the stand-
ardization of software maintenance process in the analysis. When
standardization status (process is standardized or not) has strong
relationships to work efficiency, reference values stratified stand-
ardization status can be used to confirm difference of work effi-
ciency between standardized organizations and not standardized
ones. That is useful to decide whether software maintenance pro-
cess should be standardized or not. Major contribution of our
research is to clarify relationships between standardization status
and maintenance efficiency using cross-company dataset.

The dataset used in the analysis was collected from 83 organiza-
tions in 2007 by Economic Research Association [2]. We ana-
lyzed relationships between work efficiency and other attributes
such as system architecture, in addition to standardization status.
The dataset does not have enough cases to use analysis results as
rigorous benchmark. So, values shown in the research should be



Table 1. Description of dataset

Attribute Description

Process standardization

Status of standardization of software maintenance process (process is standardized, standardization is work in
progress, or maintenance process is not standardized)

System architecture

System architecture on which the software runs (client—server system, Web based system, mainframe system)

Number of base modules | Total number of modules included in the software

Iqulér(;Lb]er of modified The number of modified modules in the maintenance activity in a year
Number of engineers The number of contractor’s resident engineers

Modlﬁed modules per The number of modified modules / number of engineers

engineer

Modified modules per

engineer and base

The number of modified modules / the number of engineers / the number of base modules

Human factor

Degree of difficulties about size of project (or organization) and level of skill

Problem factor

Degree of difficulties about type, importance, relationships, restriction, and ramification of problems

Process factor

Degree of difficulties about programming language and software development methodology

Product factor

Degree of difficulties about reliability, size, control structures, and complexity of the software

Resource factor

Degree of difficulties about hardware, duration, and budget

Tool factor

Degree of difficulties about library, complier, test tool, maintenance tool, and reverse engineering tool

used casually. Nevertheless, we think our result is effective be-
cause there are very few researches or reports which analyzed
software maintenance efficiency using cross-company dataset.

In the analysis, we regarded modified modules per engineer as a
work efficiency index. That is, the number of engineers was con-
sidered as inputs, and the number of modified modules in a year
was considered as outputs (High modified modules per engineer
indicates high work efficiency). It is more precise that a work
efficiency index is defied using software maintenance effort and
modified lines of code (or function point). However, modified
lines of code (and function point) in the dataset used includes
many missing values, and software maintenance effort is not rec-
orded. In addition, it is easier for software uses (companies or
organizations) to measure the number of modified modules than
modified lines of code or function point (Actually, the dataset is
almost collected from software uses). Similarly, it is easier to

measure the number of engineers than software maintenance effort.

So using the number of modified modules and the number of en-
gineers makes it easy for software users to refer the benchmark.

In what follows, Section 2 explains dataset used in the analysis.
Section 3 shows analysis results. Section 4 introduces related
works, and Section 5 concludes the paper with a summary.

2. DATASET

The dataset used in the analysis includes 83 cases of software
maintenance agreement which were collected from 83 organiza-
tions in 2007 by Economic Research Association [2]. 78 cases are
business software, and rest cases are factory automation software
and other software. 46 cases are fixed price contract (Software

maintenance is performed during certain period by fixed price [6]).

The cases were collected mainly from software uses (companies
or organizations). Each case is representative software mainte-
nance agreement in each organization (Each organization provid-
ed one case), and number of modified module was collected in a
year. The number of analyzed cases was different for attributes,
because each attribute includes missing values. Attributes ana-

lyzed in this research are described in Table 1, and the followings
are detailed explanations for some attributes.

. Process standardization status does not represent the status
of a case included in the dataset, but the status of the entire
organization which offered the case (Values of other attrib-
utes were collected in each software maintenance agree-
ment).

. When process is standardized, standard process of software
maintenance (sequence of activities such as analyzing, re-
viewing, documenting, and approval) is explicitly defined.

. Some cases have multiple system architectures (for example,
a case of system architecture includes both mainframe and
web based system).

. Modified modules per engineer and base is explained in
section 3.2.

. Attributes from human factor to tool factor (We call them
productivity factors) are defined based on [6], and they were
evaluated on a three-point scale (Low value indicates severe
condition, i.e., productivity may be decreased).

3. ANALYSIS RESULTS

3.1 Analysis Procedure

In the analysis, we analyzed influences of system architecture,
productivity factor, the number of base modules, and the number
of engineers to work efficiency (modified modules per engineer),
in addition to influence of process standardization. When an at-
tributes has considerable influence, the dataset was stratified by
the attribute, to eliminate the influence of the attribute. For exam-
ple, if system architecture had influence to work efficiency, the
dataset was stratified by it, and a relationship between process
standardization and work efficiency was analyzed. The dataset has
missing values, so the number of analyzed cases is different in
each analysis.



Table 2. Relationships between size attributes

. Number of Number of modified | Number of | Modified modules per
Attribute . .
base modules modules engineers engineer

p 1.00 0.70 0.23 0.60

Eggﬁfs of base p-value 0.00 0.30 0.02

Number of cases 35 25 22 15

. P 0.70 1.00 0.56 0.83

I{i‘;‘;ﬁeers of modified |\ e 0.00 0.03 0.00

Number of cases 25 25 15 15

p 0.23 0.56 1.00 0.03

Number of engineers p-value 0.30 0.03 0.92

Number of cases 22 15 35 15

. p 0.60 0.83 0.03 1.00

Zfl"?ligeerd modules per |\ o lue 0.02 0.00 0.92
& Number of cases 15 15 15 15

When analyzing a relationship of ratio (or ordinal) scale attributes,
we used Spearman's rank correlation coefficient to avoid influence
of outliers. In what follows, “correlation” and p indicate the
Spearman correlation. We did not apply a multivariate regression
model because there are many missing values in the dataset. In-
stead of applying it, we stratified the dataset as mentioned above.

We used a box plot to analyze relationships between nominal
scale attribute and ratio scale attribute. In a box plot, the bold line
in each box indicates the median value. Small circles indicate
outliers, that is, values that are more than 1.5 times larger than the
25%-75% range from the top of the box edge. Stars indicate ex-
treme outliers, whose values are more than 3.0 times larger than
this range. Some outliers do not include figures to improve reada-
bility of them. Mann—Whitney U test was applied to confirm me-
dian is statistically different or not between two attributes. We set
significance level as 5%.

3.2 Relationships between Size Attributes

We analyzed relationships between modified modules per engi-
neer, the number of base modules, and the number of engineers,
to confirm whether modified modules per engineer can be used as
work efficiency index or not. It may be helpful in comprehending
the analysis to regard the number of base modules as function
point, the number of engineers as development effort, and modi-
fied modules per engineer as productivity.

Table 2 shows correlations of the relationships, and the major

0.60
0.70 | Number of Modified modules
Tota*gg:;g:r of modified per engineer
modules (Work efficiency)
0.23 0.56 0.03
Number of
engineers

Figure 1. Major correlations between the number of base
modules, number of engineers, and other attributes

relationships are illustrated in Figure 1. Observations are as fol-
lows:

. There is a positive correlation between the number of modi-
fied modules and the number of engineers (p = 0.56). So,
when the number of engineers is large, the number of modi-
fied modules is also large.

. The correlation between the number of engineers and the
number of base modules is not large (p = 0.23). Therefore,
size of entire software does not greatly affect the number of
engineers.

. The correlation between the number of engineers and modi-
fied modules per engineer is very small (p = 0.03). This does
not mean fewer engineer increases modified modules per
engineer.

The number of base modules has significant correlation to modi-
fied modules per engineer (p = 0.60) and the number of modified
modules (p = 0.70). It may be likely that when the number of base
modules is large, the number of modified modules is also large,
and as a result, modified modules per engineer becomes large. So
we defined modified modules per engineer and base (the number
of modified modules / the number of engineers / the number of
base modules), to eliminate influence of the number of base mod-
ule, and used it to strengthen analysis results.

3.3 Relationship to System Architecture

Figure 2 and Figure 3 show boxplots of modified modules per
engineer and modified modules per engineer and base for three
different system architectures. In modified modules per engineer
(Figure 2), mainframe system is the highest, and Web based sys-
tem is the lowest. The median value of Web based system is 2.2
times smaller than client-server system, and 6.9 times smaller than
mainframe system, as shown in Table 3. However, they are not
statistically different. There are not enough cases in the dataset
(see Table 3), and it may affect statistical test results.

Also, in modified modules per engineer and base, mainframe sys-
tem is the highest while the distribution is wide, as shown in Fig-
ure 3. The distribution (position and size of the box in the figure)
of Web based system is almost same as client-server system. The
median value of Web based system is same as client-server system,



Table 3. Median values of modified modules per engineer (and base) stratified by system architecture

p-value p-value
ir}::Sl:‘i:tr;:ture il;rerzber of Median | (difference from | (difference from
Web based) client-server)
Client-server 9 40.0 88% -
Modified modules per | Web Based 11 18.0 - 88%
engineer Mainframe 8 125.0 21% 37%
Total 28 55.0 - -
Client-server 9 0.007 82% -
Modified modules per | Web Based 11 0.007 - 82%
engineer and base Mainframe 8 0.011 27% 37%
Total 28 0.008 - -

Table 4. The number of base modules, the number of modified modules, and the number of engineers
stratified by system architecture

System architecture Number of Number of Nurpber of
base modules modified modules engineers
Client-server Median 3000 125 10
Number of cases 25 16 26
Web Based Median 3000 180 10
Number of cases 23 17 21
Mainframe Median 4628 400 10
Number of cases 21 14 20
Total Median 3000 250 10
Number of cases 69 47 67

and 1.6 times smaller than mainframe system (Table 3). Note that
there is no statistically difference among them.

In the results, modified modules per engineer (and base) is larger
when system architecture is mainframe system. Although we
should carefully understand it because there is no statistically
difference, it suggests system architecture should be considered

when comparing work efficiency (modified modules per engineer).

We examined programming language used in each system. In the
result, the most used programming language is Visual Basic in
client-server systems, it is SQL in Web based systems, and it is
COBOL in mainframe systems (Note that multiple programming
languages are used in each system). Difference of work efficiency
between system architectures may be affected by characteristics of
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Figure 2. Modified modules per engineer stratified
by system architecture

programming languages.

We counted the number of base modules, the number of modified
modules, and the number of engineers by system architecture
(Table 4). Observations are as follows:

. Median values of the number of engineers are same among
system architectures.

. In median values of the number of modified modules, main-
frame system is 2.2 times larger than Web based system, and
3.2 times larger than client-server system.

° In median values of the number of base modules, mainframe
system is 1.8 times larger than others.

In mainframe systems, it may be probable that the number of base
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Figure 3. Modified modules per engineer and base stratified
by system architecture



Table 5. Median values of modified modules per engineer (and base) stratified by process standardization

p-value p-value
f;?f;;rs dization Ic\;l;z;ber of Median | (difference from | (difference from
standardized) not standardized)
Standardized 6 118.3 - 29%
Modified modules per | Work in progress 8 14.0 11% 89%
engineer Not standardized 1 7.1 29% -
Total 15 40.0 - -
Standardized 6 0.026 - 57%
Modified modules per | Work in progress 8 0.005 2% 100%
engineer and base Not standardized 1 0.007 57% -
Total 15 0.008 - -

Table 6. The number of base modules, the number of modified modules, and the number of engineers
stratified by process standardization

. Number of Number of Number of

Process standardization . .

base modules | modified modules | engineers

Standardized Median 3000 400 6
Number of cases 13 10 11
Work in progress Median 4000 100 10
Number of cases 15 12 17
Not standardized Median 1000 5 6
Number of cases 7 3 7
Total Median 3000 180 10
Number of cases 35 25 35

modules increased the number of modified modules (see section
3.2). However, relative difference of the number of base modules
between mainframe system and others is smaller than the number
of modified modules. This reinforces the analysis result that work
efficiency is different for system architecture.

3.4 Relationship to Process Standardization

Figure 4 illustrates a relationship between process standardization
and modified modules per engineer, and Table 5 shows median
values of them and statistical test results for their differences. In
Figure 4, when process is standardized, modified modules per
engineer is the highest, although the distribution is wide. The
median value of “standardized” is 8.5 times larger than “work in
progress,” as shown in Table 5. But they are not statistically dif-

250

N
[=]
o

Y
(4]
o

-
[=3
o

Modified modules
per engineer

(3]
o

T

! \ ‘ \ \
Standardized Work in Not
progress standardized
Process standardization

Figure 4. Modified modules per engineer stratified
by process standardization

ferent.

Same tendency was observed in modified modules per engineer
and base. Figure 5 shows a relationship between process standard-
ization and modified modules per engineer and base, and Table 5
presents median values of them and statistical test results. In Fig-
ure 5, the values of “standardized” are larger than “work in pro-
gress.” In Table 5, the median value of “standardized” is 5.2 times
larger than “work in progress,” and there is statistically difference
between them. The results indicate process standardization is
related to work efficiency.

We checked the number of base modules, the number of modified
modules, and the number of modules, stratifying the dataset ac-
cording to process standardization. In Table 6, between “standard-
ized” and “work in progress,” there is 0.6 times difference in the
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Figure 5. Modified modules per engineer and base stratified
by process standardization



Table 7. Relationships to productivity factors

Human Problem Process Product | Resource | Tool
factor factor factor factor factor factor
. p -0.09 0.38 0.20 0.32 -0.02 0.07
Modified modules )\ .1 o 76% 20% 51% 29% 96% | 81%
per engineer Number of cases 13 13 13 13 13 13
Modified modules P -0.26 -0.10 -0.23 -0.01 0.06 0.00
per engineer and p-value 39% 74% 46% 97% 85% | 100%
base Number of cases 13 13 13 13 13 13

number of engineers, and 0.75 times difference in the number of
base modules. Nevertheless, there is 4.0 times difference in the
number of modified modules. So in this case, we do not have to
care the positive correlation between the number of base modules
and the number of modified modules (see section 3.2). This also
supports the result that process standardization is related to work
efficiency.

When stratifying the dataset by system architecture, both modified
modules per engineer and modified modules per engineer and
base are higher in process standardized organizations (except for
modified modules per engineer in mainframe systems). Similarly,
when stratifying the dataset by process standardization, they are
higher in mainframe systems. Although we should be care that
there are a few cases in each group after stratifying, both system
architecture and process standardization are considered to affect
work efficiency.

3.5 Relationship to Productivity Factors

Table 7 shows correlations between productivity factors and mod-
ified modules per engineer (and base). When a value of productiv-
ity factor is smaller, condition is more severe. That is, positive
correlation indicates work efficiency decreases when the condition
of the factor is severe.

Although the correlation between problem factor and modified
modules per engineer is relatively higher (p = 0.38; not signifi-
cant), the correlation to modified modules per engineer and base
is low (p = -0.10). So, we cannot conclude problem factor affects
work efficiency. Other factors have low correlation, and they are
not statistically significant. In addition, their correlations are in-
consistent between modified modules per engineer and modified
modules per engineer and base. Namely, we did not observe ex-
plicit influences of productivity factors on work efficiency.

4. RELATED WORKS

Except for process standardization, some researches analyzed
work efficiency factors on software maintenance. Jorgensen [4]
analyzed software company dataset, and showed that work effi-
ciency is not affected by the number of base modules and pro-
gramming language. Ahn et al. [1] used variables which are simi-
lar to the productivity factors in a software maintenance effort
estimation model. However, past researches did not clarified ef-
fect of process standardization. This is because they used dataset
collected from a few companies, and it made the analysis of pro-
cess standardization effect difficult.

There are very few reports or researches which analyzed cross-
company software maintenance dataset. Japan Users Association
of Information Systems (JUAS) and Ministry of Economy, Trade

and Industry used the cross-company dataset, and showed work
efficiency (maintenance cases per engineer) stratified by business
sector [3]. However they did not clarified the relationship between
process standardization and work efficiency. Yokota [7] showed
standardizing maintenance process is effective for work improve-
ment, based on questionnaire data. But quantitative data analysis
was not performed.

5. CONCLUSIONS

In this research, to establish a benchmark for software mainte-
nance efficiency, we analyzed software maintenance data collect-
ed from 83 organizations. Modified modules per engineer is re-
garded as work efficiency index. We compared work efficiency by
stratifying the dataset, and clarified process standardization status
is related to work efficiency (modified modules per engineer). Our
future work is collecting more data and analyzing it to enhance
reliability of the results.
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