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Abstract

The Guide to the Software Engineering Body of Knowledge (the SWEBOK Guide) represents the consensus on the knowledge
that software engineers, and their organizations, should use whenever and wherever appropriate in software development.
This paper presents an innovative use of this SWEBOK Guide as a benchmarking reference for software organizations inter-
ested in process improvement and looking for best practices. Process improvement approaches help organizations improve
theirprocessesandtheirperformance. Beforeimplementingimprovementsto existingprocesses,itisnecessarytobenchmark
organization’s practices already in place against a reference, identifying process weaknesses and looking for best practices
that can contribute to process improvement according to corporate priorities. This paper presents two industry case stud-
ies illustrating the use of the SWEBOK Guide for benchmarking purposes and process improvements. This paper presents
also quantitative results of productivity and quality analyses in both organizations and discusses the candidate linkages.
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1. Introduction

The Guide to the Software Engineering Body of
Knowledge (SWEBOK) is a key project designed to
contribute to the recognition of the software engineer-
ing as an engineering discipline: this project has been
sponsored by the IEEE Computer Society and supported
by a consortium of industrial sponsors.:2 Later on, the
SWEBOK was adopted as an ISO technical report (ISO/
IEC TR 19759:2015).2 The main goal of the SWEBOK was
to develop an international consensus on the “generally

*Author for correspondence

accepted knowledge” in the software engineering domain.
This criterion of generally accepted knowledge, to be dis-
tinguished from advanced and research knowledge (on
the grounds of maturity) and from specialized knowledge
(on the grounds of generality of application). This defini-
tion comes from the Project Management Institute: “The
generally accepted knowledge applies to most projects,
most of the time and widespread consensus validates its
value and effectiveness.

ISO/IEC TR 19759:2015 standard has been devel-
oped based on SWEBOK version3 and documents the
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consensus on the structure of the software engineering
knowledge!. It consists of fifteen (15) Knowledge Areas
(KAs): the first ten KAs represent what the ISO calls the
primary processes in the ISO 12207 standard, another KA
called Software engineering professional practice which is
concerned with the knowledge, skills, and attitudes that
software engineers must possess to practice software engi-
neering®. The remaining four KAs are concerned with the
educational requirements of software engineering. The
scope of this research work is covered by the first ten KA
as depicted in Table 1. For each knowledge area, there are
a number of topics, and for each topic there are sub-topics
- Note that the assessment tool used in this research has
been developed prior to publishing SWEBOK V3 hence is
based on SWEBOK:2004 version®.

Software products are produced through a develop-
ment process; hence, software product quality is directly
affected by that process. The efforts of software engi-
neering to achieve high quality products developed in
time and within budget, have been based on this prin-
ciple. Accordingly, several model-based Software Process

Table 1.

Guide to the SWEBOK: Knowledge Areas?

Improvement (SPI) approaches (e.g. CMMI, bootstrap,
ISO 15504 and ISO 9001) have been designed to improve
productivity, product quality and customer satisfaction
through process improvement?. The initiatives associated
with these approaches all begin with an assessment of the
organization’s current processes. The results of this assess-
ment provide data on the strengths and weaknesses of
the organization’s processes and provide guidelines with
respect to which processes require improvement.

One of the key benefits of the SWEBOK Guide is that
the knowledge and practices specified for each knowledge
area can be used to design an assessment tool (realized
as a questionnaire) to measure the coverage of organiza-
tional practices in use for each process with the generally
accepted practices specified in the SWEBOK Guide. In
this paper the SWEBOK Guide is used as a tool to con-
duct the process assessment.

The purpose of this article is to illustrate, practically,
the use of the SWEBOK Guide for benchmarking pur-
poses and process improvements through case studies.
This paper explores also, quantitatively, the candidate

SWEBOK Knowledge Areas (KA)

ISO 12207 Process Type

Software requirements

Software design

Software construction

Software testing

Software maintenance

Primary Process

Software configuration management

Software engineering management

Software engineering process

Software engineering models and methods

Software quality

Support and Organizational Process
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linkages between productivity and quality analyses in
both organizations. Henceforth, we can determine if this
questionnaire is useful to evaluate the practices of the
organization relative to the effort it takes to do it. The use-
fulness will be found by comparing the finding from the
questionnaire with the finding of benchmarking results
relative to productivity (development and/or mainte-
nance) and quality of the product that was done at the
same period. Accordingly, two case studies are presented,
one at a public-sector organization and the second at a
private sector organization. For both organizations the
benchmarking study included as well the development of
a quantitative estimation model for each organization and
a quality benchmarking using their own data as well as
data from an international repository of software projects,
namely the ISBSG repository.

Practices of software maintenance have not been
covered for the first organization; the scope of the bench-
marking was limited to software Development. Finally,
there will be a discussion on resemblances and differences
of the results between both organizations.

This paper is structured as follows: Section 2 presents
the design of the assessment questionnaire and process
benchmarking with the SWEBOK Guide. Section 3 pres-
ents the data collected in the two case studies. Section 4
presents the analysis of the data collected. Section 5 pres-
ents the discussion and Section 6 presents the conclusion
and future works.

2. The Process Assessment
Questionnaire based on the
SWEBOK Guide

An assessment questionnaire was designed to address
each SWEBOK topic and sub-topic within each
Knowledge Area. For example, the question for Software
Requirements Fundamentals is the following:

Q1. Does your method or development process define
functional requirements and/or non-functional
requirements?

A. There are four possible answers:

Vol 10 (43) | November 2017 | www.indjst.org

B. The two types of requirements are present,
C. No functional requirement,

D. No non-functional requirement

E. None is present

If the answer is ‘none, then it is not necessary to go to
sub-topics. If the answer is ‘two types of requirements are
present’ or if one of the two other answers is present, then
there are further questions. For each sub-topic, there is a
possibility of more than one question. For example, for
‘Definition of Software Requirement’ there are four ques-
tions:

—

Are all your software requirements formu-
lated in a way to solve a problem?

2. Are your requirements verifiable?

3. Are your requirements verifiable within the
available resources?

4. Are they uniquely identified so they can be
subject to configuration control software
and be monitored throughout the life cycle?

The total number of questions could be as high as 400
when all practices at the topic level are present within
an organization. For this benchmarking exercise, equal
weights are assigned to each question. The questionnaire
was used in each organization and different groups of per-
sonnel were interviewed.

3. Summary of the Data Collected
in the Two Case Studies

3.1 Process Coverage of SWEBOK
Practices: Case Study 1

The assessment of the organization in case study 1 was
conducted in a governmental organization having

Indian Journal of Science and Technology | 3 -
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Table 2. Coverage of SWEBOK practices — Case Study 1

SWEBOK Knowledge Areas

Coverage of SWEBOK
practices

Software Design

89 %

Software Management

75 %

Configuration Management

74 %

Requirements Engineering

73 %

Software Construction

71 %

Software Testing

61 %

Tools and Methods

54 %

Software Engineering Process

44 %

Software Quality

38 %

more than 500 information technology employees
(including external consultants); it was developing mostly
Management Information System (MIS) software, with
between 15 to 20 major software projects yearly. It took
two days to conduct the assessment using the SWEBOK
questionnaire. The practices from the maintenance
knowledge area were not included within the scope of this
assessment.

In addition, 16 software development and improve-
ment projects were measured in terms of functional
size, effort, and various environment qualifiers. The staff
who developed these projects included both internal
and external developers, distributed equally overall. The
benchmarking results are used for interpretation pur-
poses

The percentages of software engineering practices in
use for each knowledge area are presented in Table 2, in
decreasing order of coverage. A preliminary version of

the benchmarking results for the first organization has

B 4 | Voo (43) | November 2017 | www.indjst.org

been published in the presented article.® These percent-
ages represent the ratio between the practices observed
to be in general used in this organization, divided by the
total number of practices listed in the questionnaire for
each of the SWEBOK knowledge areas.

From the five knowledge areas related directly to the
development life cycle (e.g., from requirements engineer-
ing up to software testing) the coverage of over 60% of
the SWEBOK practices indicates a widespread use of
organizational processes across this organization: this
means that the software engineering processes in this
organization have been deployed and are in use across
this organization.

To help the organization understand quickly its posi-
tion regarding different knowledge areas and sub-topics,
graphical representations of these data are presented in
Figures 1 and 2. On the nine (9) knowledge areas within
the scope of the assessment (excluding maintenance) the

Indian Journal of Science and Technology
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Guide to the Software Engineering Body of Knowledge
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Figure 1. Coverage of SWEBOK practices in the Software Life Cycle knowledge areas — Case Study 1.
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results show a generally good cover of each knowledge

area in general:

o six knowledge areas covered more than 60% of
the SWEBOK practices (software requirement,
software design, software construction, software
testing, software configuration management and

software engineering management);

o two other knowledge areas covered between 40%
and 59% (software engineering process and soft-

ware engineering tools and models);

o one knowledge area achieved less than 40% (soft-

ware quality).

The sub-topics with the least coverage in this case
study are (Figure 2):

o Software Configuration Auditing under Software
Configuration Management,
under

o Software Engineering Measurement

Software Engineering Management, and

o Process and Product Measurement under Software
Engineering Process.

In addition, the knowledge area of Software Quality
is rated with the lowest level and with two of its three
sub-topics (Software Quality Fundamentals and Software
Quality Process) rated below 40% and its third one
(Practical Considerations) rated between 40%-59%.

3.2 Process Coverage of the SWEBOK
Practices: Case Study 2

The second case study is from a private sector organiza-
tion with 75 information technology employees at the
time of the assessment, and was quickly growing (over 125
IT employees 12 months later). The organization had two
major applications (MIS type applications) with mainly

B 5 | Voo (43) | November 2017 | www.indjst.org

adaptive and corrective maintenance over the years. The
assessment took a single day. The process evaluation cov-
ered the 10 knowledge areas (including the Maintenance)
as well as the supplemented knowledge area proposed in
2009 to SWEBOK, that is, the candidate measurement
knowledge area. In this second case study, the assessment
results show that many practices from the SWEBOK
knowledge areas were not covered: out of over 400+
assessment questions, only 163 have been answered. Table
3 present the details of the number of yes (30), number
of no (106) and number of partial (27) and the percent-
age of yes (18%) on the number of questions. When the
answer is yes one point is added. For Partial answer, half
of a point is added, and for No, 0 point is added.

The percentage takes in account the sum of the points
to the number of questions. For example, the Software
Engineering Management knowledge area has 15 ques-
tions, and this organization for case 2 ended up with 8 Yes
(8 points), 6 No (0 point) and 1 partial (= +.5 point), for
a total of 8.5 (out of a maximum of 15), or a 57% cover-
age of SWEBOK practices (where each practice has been
assigned an equal weight).

This organization did not have a single knowledge area
with coverage of more than 60% of SWEBOK practices:
Software Management coverage of practices is 57% while
Software Construction and Software Maintenance cover-
age was at 50%. Others were at coverage of less than 40%.
Software measurement gained 20% coverage of SWEBOK
practice, but they were implemented in the months prior
to the assessment. For the knowledge areas of Software
Testing and Software Quality the results were even null
0%, see Table 3.

4. Analysis

The analysis is presented for each case study, including

references to the benchmarking.

4.1 Case Study 1
4.1.1 SWEBOK Analysis

In case study 1, the software quality knowledge area had

Indian Journal of Science and Technology
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Figure 2.
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Support to Software Life Cycle knowledge areas — Case Study 1.
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by far the lowest coverage of best practices with only 38%.
Figure 3 shows the sub categories (highlighted in bold)
that contribute to this lowest rate:

o In the Software Quality Fundamentals, there
is almost no processes related to: Culture and
Ethics, Value and Cost of Quality and Quality
Improvement. Two of them are related to the mea-

surement.

o In the Software Quality Management Processes
the percentage is even lower with only 12% mainly
because of absence of Verification and Validation
and Reviews and Audits.

The coverage is much less extensive in support areas,

such as Tools and Methods, Software Engineering Process,
and Software Quality, than in development knowledge

areas. For this reason, the organization did not have any

Table 3. Coverage of SWEBOK practices - per KA in decreasing order — Case study 2

Knowledge Areas Questions YES NO PARTIAL Coverage of
answered practices (e.g. Yes)
Software Engineering 15 8 6 ] 579
Management
Software Construction 14 4 4 6 50%
Software Maintenance 12 4 4 4 50%
Software Requirements 30 7 18 5 32%
Software Configuration 16 3 9 4 31%
Management
Software Design 19 2 12 5 24%
Software Engineering o
models & methods 7 : > ! 21%
Software Measurement 5 1 4 0 20%
Software Engineering 9 0 8 ] 6%
Process
Software Testing 28 0 28 0 0%
Software Quality 8 0 8 0 0%
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measurable information on the effectiveness of the imple-
mentation of their practices and the benefits derived, that

is, quantitative information to support the decision-mak-

their effectiveness. This is confirmed by observation that
the practices in Practical Considerations and Software

Quality Measurement sub-topics were almost nonexistent

ing process. The organization had over the recent years in this organization.

implemented many new practices but it had not imple- This can be illustrated using Figure 4: in the organiza-

mented any process to check their implementation nor tion of case study 1, each project must use the corporate

Software Quality

38%
\ 4 {r 4
Software Quality Software Quality Practical
Fundamentals Management Considerations
17% Process 58%
12%
Software Engmee.rmg Software Quality Appllca'flon Quality
Culture and Ethics Assurance Requirements
Value and Costs Verification and l Defect
Of Quality Validation Characterization
. . Software Quality
; Model and ng//ty ) Revnew.s and > Management
Characteristics Audits

Techniques

Software Quality
Measurement

—»Quality Improvement

Figure 3. Software quality best practices.
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Figure 4. Evaluation and Control.

development process (i.e. the production process in the
lower box in Figure 4), but it typically does not collect any
data for its evaluation and control. This means that the
specific tasks are carried out by the technical staff in each
phase of the development process (e.g. requirements,
design, construction and testing), but there is no quan-
titative information provided to the management: this
means that in this organization management does not
request such information as a basis for decision making to
analyze the performance of the processes implemented,
to figure out the weaknesses and to figure out the neces-
sary adjustments to the development processes based on
quantitative information collected at each development
stages.

This is illustrated in Figure 4 whereas the bottom
part represents each of the development processes at
each development phase with its inputs and outputs, and
whereas the top portion represents the control portion
(or management portion) which takes as input the quan-

titative information on the performance of the processes,

B 0 | voiio (43) | November 2017 | www.indjst.org

and as output, the management decision on what changes
to make to the processes to optimize their performance.

In the SWEBOK Guide, for each knowledge area the
necessary topics and best practices are listed to support
collecting quantitative data and help making decision
based on such quantitative data.

In this case study, it can be observed that this organi-
zation has a very good coverage of the SWEBOK practices
at the process level (that is, they have technical expertise
and technical processes related to this expertise) but an
almost total lack of the management control functions
which require an evaluation control function fed by mea-
sures from the processes and the feedback on the form of
decision for making adjustment to the processes based on
the quantitative data collected within processes as they are

executed within each on-going development processes.
» Strengths and Weaknesses

The main strengths observed in the organization can

be summarized as follows:

Indian Journal of Science and Technology
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o The organization has strengths in documenta-
tion: it has generally very good documentation of
requirements, better than the industry in general.

o Its software quality, based on the defect density 30
days after implementation, is better than that of
the industry (based on information available from
both industry and the organization).

o Comparison of the organization’s practices with
the SWEBOK practices guide (ISO TR-19760)
showed, in general, good presence of practices in
most areas.

The analyses also identified three areas of improve-

ment opportunities:

o Early identification of project risks with a poten-

tially twofold negative impact on project effort.

» Increase in project management efficiency:

- Improvement to the productivity analysis and
building of current productivity models;

- Improvement to the estimation process;

- Improvement to the management of change

requests.

o Process improvement:

- Establishment of mechanisms for monitoring
and evaluating processes;

- Reduction in fixed effort (establishment of
predefined selection rules in the project con-
text);

- Monitoring of the impact of new technologies
and new development processes.

Vol 10 (43) | November 2017 | www.indjst.org

This all suggest the need of better monitoring and

control.

4.1.2 ISBSG Benchmarking

Benchmarking is the process by which measurement
results of a specific entity are compared with the measure-
ment results of similar entities. Traditional benchmarking
models in software engineering are typically based first
on the concept of productivity, defined as a single ratio
of outputs to inputs, and on combining the productivity
ratio with various additional factors.” Benchmarking can
be performed either internally with data collected within
the organization, or externally with data collected outside
the organization or available from multi-organizational
datasets.>®!!

For external benchmarking, the following criteria

were used to select a benchmarking repository:

1. A repository of projects representative of software
applications providing financial services, from
both the private and public sectors.

2. A repository of projects from various countries.

3. Arepository with information available at the data
field level (not at the aggregate level).

For this study, the repository of the International
Software Benchmarking Standards Group - a nonprofit
organization was selected as it met all these criteria: 3,854
relevant projects were available in the ISBSG at the time
of the study.® The selection of projects relevant to the con-
text of this study was based on attributes similar to the

environment of the organizations:
1. Projects with a similar size range (0 to 700 FP).
2. Projects developed in a development environment

using 3™ Generation Programming Languages
(3GL).

Indian Journal of Science and Technology | I -
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Figure 5. 3GL ISBSG governmental projects.

Projects that met these criteria were further classified Effort = 10.4 hours/FP x project size + 2138 hours
into two groups:

B. Financial institutions (insurance and banks) in
A. Projects from governmental organizations: the private sector:

In this group, 48 projects were found to have similar In this group, 119 projects were found to have similar
attributes as mentioned above. These ISBSG projects are attributes as mentioned above. The set of projects selected
presented graphically in Figure 5 (project size vs. effort), is represented in Figure 6, along with the following regres-
along with the corresponding model that best represents sion model:
this dataset using a linear regression model: Effort = 16.4 hours/FP x project size + 360 hours

20000

-
15000 + . velG4ldx+ OO0 ,
*
10000 * >
-*
S000 * . .
o o -
0 200 400 B0 =L L

Figure 6. 3GL ISBSG projects from financial institutions.
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0

Figure 7. 'The organization’s production model - Case Study 1.

The dispersion of the data points for all 16 projects in

the organization is illustrated in Figure 7, together with

the regression model:

Effort = 30.7 hours/FP x project size + 2411 hours.

The coefficient of determination (R?) of this model is

relatively low, at 0.39.

The practical interpretation of the above equation is as

follows for this organization:

. Fixed effort = 2411 hours
e  Variable effort = 30.7 hours/FP

The possible reasons for the rather high fixed and

variable unit effort figures have been discussed with the

managers, and the following points were raised:

— The acquisition process is highly procedural and

time-consuming.

- The projects have tight constraints and very exten-

sive documentation requirements.

— The projects require lengthy consensus building

procedures.
Table 4. Summary of fixed and variable effort
Org. ISBSG: ISBSG:
Public Organization Government Financial
(1) (2) (3)
Number of projects 16 48 119
Fixed effort (hours) 2411 2138 360
Variable effort (hours/FP) 30.7 10.4 16.4

Vol 10 (43) | November 2017 | www.indjst.org
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— The projects required a relatively high number of

inspections.

Table 4 presents a summary of the fixed and variable
costs of the models for both the organization (column 1)
and the two reference groups from the ISBSG repository
(columns 2 and 3):

1 The organization fixed effort of 2411 hours is:

o comparable to the fixed effort of governmental
institutions (2138 hours), and

o 7 times higher than that of private financial sector
organizations, at 360 hours.

2 The variable effort of 30.7 hours/FP is:

o Almost triple that of the reference group of ISBSG

governmental institutions, at 10.4 hours/FP, and

o Almost double that of ISBSG private sector finan-

cial institutions, at 16.4 hours/FP.

3. To come up with more accurate productivity
models, the 16 projects have been divided into

two groups:

o the most productive (n 11 projects) (below the
regression line), and

o least productive (n = 5 projects) (above the regres-
sion line).

Next, a productivity model is developed for each group
(see Table 5). Using the 11 most productive projects from
the governmental site, the variable effort is very similar to
the ISBSG financial projects at 17.1 hours. This is fairer
for this governmental institution, because ISBSG claims
that the projects received are the most productive. On the
other hand, the variable effort of the 11 most productive
projects in the organization is still higher than that of the
ISBSG governmental projects by around 0.64%. The fixed
effort of the 11 most productive projects is much higher
than that for ISBSG groups both the two sets of govern-
mental and from governmental financial.

4.1.3 Analysis summary

The higher variable cost in this organization can be
explained by the different factors identified previously,
including a high number of peer reviews, software process,
documentation and requirements acquisition. Although
these procedures are within SWEBOK knowledge areas
that are untailored, excessive usage can be considered as a
factor that hinders productivity: for instance, should the
11-step inspection process be carried through formally
inspect half page of requirements specification in com-
parison to the ones requiring the inspection of a set of 30
pages of requirements?

Table 5.  Governmental projects least and most productive — Case Study 1
Samples/ All 16 projects | Least productive: Most productive:
Regression coefficients 5 projects 11 projects
Fixed effort 2411 8257 3208
(hours)
Variable effort
(hours/EP) 30.7 34.4 17.1
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4.2 Case Study 2
4.2.1 SWEBOK Analysis

Due to confidentiality constraints, only the summary data

for case study 2 can be presented - see table 3:

1.

Software engineering management knowledge
area has the highest score (57 %)

Software testing and software quality have the low-

est score (0%).

Software Testing KA: the organization has zero
percent because they do not have any systematic
test technique and the existing test techniques are
not based on of the best practices proposed by
SWEBOK.

Not using any standard or recommended practices
is the cause of low level percentage for Software
Engineering Quality KA. The adopted assessment
questionnaire, as part of the benchmarking, has
confirmed this weakness showing a low score on
user satisfaction in test results.

Software Requirements and Software Design are at
32% and 24% respectively. This can be illustrated
by the quality of the documentation that is sig-

nificantly lower that the first organization. It was
observed also by the usage of different require-
ments methods, design and construction. Also,
there is no change request procedure in the orga-
nization. For a small organization with only two
major applications the usage of one requirement
method should be considered. For the design
phase, the organization had already started to
develop a unique methodology but it needs more
work to help improve the quality of the design.
Similarly, for software construction, there is only
a partial written specific procedure to address the
software construction.

There was no evidence of Software Configuration
Management (SCM) activity in the organiza-
tion. The purpose of SCM is to ‘systematically
controlling changes to the configuration, and
maintaining the integrity and traceability of
the configuration throughout the system life’”
Knowing interactions between different parts of
the software is important when users ask improve-
ment to the applications (new enhancement). The
user satisfaction questionnaire shows that most
clients were not satisfied with the documentation
provided with new enhancements and with the
test scenarios for the new enhancements.

Table 6. Number of Hours per Category for Three Years
Categories/ Year | 1st year % 2nd year % 3rd year %
Adaptive 564 14.3% 3476 30.4% 6145 37.1%
Corrective 2458 62.5% 6268 54.8% 7831 47.3%
User Support 909 23.1% 1686 14.8% 2585 15.6%
Total 3931 11430 16561
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Figure 8. Relative effort for different types of maintenance.

7. Maintenance knowledge area is at 50%. The
effort to improve the maintenance processes in
the organization has led to some improvements.
Table 6 summarizes the number of hours spent
in adaptive, corrective and user support for three
consecutive years.

An analysis of the above data is showing that the rela-
tive cost of corrective maintenance has gone down from
62% in the first year to 54% in the second year and finally
to 47% in the third year. However, the third-year cor-
rective maintenance (47%) is still higher than adaptive
(new enhancements) maintenance (37%) by 10% (Figure
8). Using the total efforts only, the benchmarking showed
increase of costs for maintenance. From first to second
year the cost of maintenance has increased by a factor of
three (3) and from second year to the third year by a fac-
tor of (1.4) and by four (4) compared to the first year. This

can be explained partly by the increase of the number of
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clients and the increase of the functionalities provided to
the clients.

Although for this organization the levels of practices
in most of the knowledge areas have been rated as low, the

maintenance indices are improving!

4.2.2 ISBSG Benchmarking

A productivity benchmark of this organization’s projects
(MIS development projects) with similar projects (MIS,
similar sectors, size between 100 and 800 function points)
in the ISBSG repository has been conducted. Table 6
presents a summary of the fixed and variable costs of the
models for both the organization and the similar projects
from the ISBSG repository. It shows that organization 2
has a slightly better productivity than that in the industry.

Figure 9 show the productivity model for organization
2. The constant cost is more than 250 hours and the vari-
able cost are 10.5 hours/FP. The variable effort of 10.5 is
close to the variable efforts of similar type of organization

(small organization developing MIS projects) at 11.9.
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Table 7. Summary of fixed and variable effort
Private organization Org. ISBSG: Small Enterprise
MIS
Number of projects 5 239
Fixed effort (hours) 252 278
Variable effort (hours/FP) 10.5 11.9

4.2.3 Analysis Summary

The questionnaire showed that the employees in the
organization are relatively young, fresh from universities
and used new design and programming techniques on
mainly two major applications. The higher productivity
of organization 2 can be due to either the new techniques
adopted by young employees or the better procedures and
practices implemented because of the process improve-
ment. This issue needs further investigation to clarify the

influencing factor.

5. Discussion

The SWEBOK-based assessment and benchmarking
covered the development part for case study 1, while
case study 2 covered the development part as well as the
Maintenance KA. Various differences have been noticed

as follows:

o In case study 1, this organization has systemati-

cally implemented more practices in development

iy
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Figure 9.
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than in the organization in case study 2 as depicted
in Table 2 and 3, mainly when looking the last col-
umn ‘Coverage of practices’;

o The productivity of the organization in case study
1 is low compared to the industry in general and
for two third of the projects in average for this type
of organizations, while the other third is higher
(see tables 5 and 7). One of the different reasons
could be the lack of control on the costs.

o The productivity of the organization in case study
2 is slightly higher to this type of industry but not
significantly enough to conclude considering only
5 projects were measured in the organization.

o Large public IT organizations (500+) have more
procedures than small private small organizations
(less than 100 employees). This explain partly why
the productivity of the organization in case study
1 is lower than that in case study 2, with consider-
ably more practices;

o The private organization has no knowledge area
with more than 59% of best practices;

o Software quality for the organization in case study
1 (identified by the implementation of SWEBOK
practices in the Quality KA) is low (38%), but
for that in case study 2 no related practices were
implemented even with several minimal informal

activities;

o From the results of the SWEBOK questionnaire,
only 20% of the practices in case study 2 had been
implemented, but over the previous few months
prior to the usage of the questionnaire—

o A score of 50% and higher could be interpreted
as good in a small organization because not all
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of these practices might be relevant and formally

implemented for small organization’s assessments.

6. Conclusion and Future Works

This research shows that it is possible to do useful
appraisal using SWEBOK in one or two days. The results
of SWEBOK assessment give enough information to find
which goals the organization should seek to improve their
processes. While benchmarking with ISBSG gives estima-
tion of the projects effort, it does not justify that cost if
it is higher than that in the industry, or what improve-
ments are needed to improve the productivity. This part
can be covered by SWEBOK assessment. Although it was
impossible to link conclusively the SWEBOK question-
naire with the benchmarking data, we can conclude that
the SWEBOK assessment can properly complement the
benchmarking results to draw a complete picture about
cost estimation and necessary process improvements
of an organization. To understand more the relation-
ship between benchmarking and SWEBOK assessment,
more organizations’ assessments and analyses using the

SWEBOK questionnaire are needed.
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