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SUMMARY A key driver of software business growth in developing
countries is the survival of software small and medium-sized enterprises
(SMESs). Quality of products is a critical factor that can indicate the future
of the business by building customer confidence. Software development
agencies need to be aware of meeting international standards in software
development process. In practice, consultants and assessors are usually
employed as the primary solution, which can impact the budget in case
of small businesses. Self-assessment tools for software development pro-
cess can potentially reduce time and cost of formal assessment for software
SMEs. However, the existing support methods and tools are largely insuf-
ficient in terms of process coverage and semi-automated evaluation. This
paper proposes to apply a knowledge-based approach in development of
a self-assessment and gap analysis support system for the ISO/IEC 29110
standard. The approach has an advantage that insights from domain experts
and the standard are captured in the knowledge base in form of decision ta-
bles that can be flexibly managed. Our knowledge base is unique in that
task lists and work products defined in the standard are broken down into
task and work product characteristics, respectively. Their relation provides
the links between Task List and Work Product which make users more un-
derstand and influence self-assessment. A prototype support system was
developed to assess the level of software development capability of the
agencies based on the ISO/IEC 29110 standard. A preliminary evaluation
study showed that the system can improve performance of users who are
inexperienced in applying ISO/IEC 29110 standard in terms of task cover-
age and user’s time and effort compared to the traditional self-assessment
method.

key words: software development capability, gap analysis, self-
assessment, knowledge-based approach

1. Introduction

A key driver of software business growth in developing
countries is the survival of software small and medium-
sized enterprises (SMEs). Quality of products is a criti-
cal factor that can indicate the future of the business by
building customer confidence. Software development agen-
cies need to be aware of meeting international standards
in software development process. In practice, consultants
and assessors are usually employed as the primary solution,
which can impact the budget in case of small businesses.
Self-assessment tools for software development process can
potentially reduce time and cost of formal assessment for
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software SMEs. However, the existing support methods and
tools are largely insufficient in terms of process coverage
and semi-automated evaluation.

Selecting standards for improving the organization’s
software development process needs to be rational and ob-
jective [1]-[3]. Various software process standards have
been continuously updated and published such as CMMI,
ISO/IEC 12207, ISO/IEC 29110, COBIT [4]-[17]. Each
standard has different objective and scope including assess-
ment method. Self-assessment based on such a standard is
important to software development companies. Specifically,
software agencies do not know what to improve in order to
pass the standard criteria. Therefore, gap analysis can help
in guiding them to develop and improve the software devel-
opment process more properly. Furthermore, readiness as-
sessment and review help to support the agencies to increase
its chances of success.

In our project, we propose to build a support system
for software process capability assessment. The system has
been embedded the assessment knowledge including pro-
cess reference model (such as ISO/IEC 29110) and process
assessment model (ISO/IEC 15504, ISO/IEC 33000) to en-
courage the users to be able to analyze a gap between ex-
isting software process and a required standard and to do
self-assessment before official appraisal appropriately. We
focus on the ISO/IEC 29110 standard, which is currently
promoted in many countries worldwide and is less complex
than the other standards which make it more suitable for
SMEs. We adopted a knowledge engineering approach in
developing a domain knowledge of the ISO/IEC 29110 stan-
dard in ontology form. The ontology was used as a concep-
tual agreement among experts, system and database design-
ers. The assessment knowledge based on the standards and
experts was made explicit as assessment knowledge base in
supporting the system.

Our approach differs from the traditional self-
assessment tools of ISO/IEC 29110 based on task list which
has a disadvantage that it is difficult to understand what to
do in each task list. Thus, we made the details of task
list more explicit by breaking down into task characteris-
tics (TC). In addition, we identified related work product
characteristics (WPC) and defined mapping rules between
task characteristics and work product characteristics accord-
ingly. As a result, the proposed tool can support the users to
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understand and perform self-assessment effectively. A pre-
liminary analysis has shown enhancement in process assess-
ment for users who are inexperienced in applying ISO/IEC
29110 standard in terms of task coverage and time and effort
using the support system over the manual self-assessment
process of the ISO/IEC 29110 standard. Finally, we discuss
some limitations and potential extension of our framework.

2. Background
2.1 Software Process Assessment Models

The concept of process assessment that theprocesses are
evaluated to take into account the capability of the process
implementation following an established standard. And this
measure may lead to improve those existing processes [17].
The agency needs to set objectives, scope and constraints,
as well as prepare a resource including all stakeholders for
process assessment. Each standard specifies its evaluation
guidelines such as CMMI, using SCAMPI [18], ISO stan-
dards, whether it is ISO/IEC 12207 or ISO/IEC 29110, iden-
tifying ISO/IEC 15504 (or SPICE: Software Process Im-
provement and Capability Determination) [19]-[23] which
is being updated to ISO/IEC 33000 [24]-[31] which con-
sists of PRM (Process Reference Model), PAM (Process As-
sessment Model) and mapping procedure to rate the process
capability.

2.2 ISO/IEC 29110 Standard

ISO/IEC 29110 standard [8]-[15] is based on the ISO/IEC
12207 standard, which is a full-fledged process, to allow
small businesses to upgrade their product quality through an
acceptable process. This standard is adopted in 2010 con-
sisting of five parts: overview, framework and taxonomy,
assessment guide, basic profile specifications and manage-
ment & Engineering guide for basic profile. Nevertheless,
ISO/IEC 29110 focuses on two essential processes: Project
Management (PM) and Software Implementation (SI), as
shown in Fig. 1.

Reference Model

Project
Management

Software
Implementation
SI.1 Software
Implementavion nitiation

~ Sl.2software
Requirements Analysis

‘ PM.1 Project Planning

PM.2 Project Plan
Execution

51.3 Software Architectural
and Detailed Design

PM.3 Project Assessment

| 5.4 Software Construction
and Control

51.5 Software Integration
and Tests

PM.4 Project Closure =
| S1.6 Product Delivery

Fig.1  Process reference model of ISO/IEC 29110 [8]
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PM process consists of four main activities: Project
Planning, Project Plan execution, Project Assessment and
Control, and Project Closure. All four activities are linked
and yielded. The SI process composes of six activities:
Software Implementation Initiation, Software Requirement
Analysis, Software Architecture and Detailed Design, Soft-
ware Construction, Software Integration and Test, and Prod-
uct Delivery. All of these activities will result in the devel-
opment of software or product that meets the standard.

2.3 Related Work

Currently, there are different methods and tools for eval-
uating the use of software development processes in ac-
cordance with ISO/IEC 29110 for SMEs/VSEs: 1) Sur-
vey/Studies such as OWPL Tool (Observatoire Wallon des
Pratiques Logicielles Tool by CETIC: Belgium) for self-
assessment in 2015, with emphasis on 10 processes and
39 main tasks of SI and PM processes. (Entry Profile
Level) including NOEMI Tool (CETIC: Luxemburg) [32].
The survey such as CHAOS survey by questionnaire is
provided in several languages: English, French, German,
Korean, Portuguese, Russian, Spanish, Thai, and
Turkish. The data will be analyzed and summarized
for further process improvement[32]. 2) Methods and
Tools such as Deployment Packages (INCOSE: Interna-
tional Council on Systems engineering) [33], [34], MARES
(Brazil), Full Assessment[35], TOPS, FAME, RAPID
(Australia - focused on CM), SPM, EAP, Micro-Evaluation,
METvalCOMPETISOFT (Botswana, South Africa), SPINI,
EvalProSoft, ADEPT, and MA-MPS [36] by supporting
tools including paper forms, software tool, electronic pro-
cess guides, data collection. These methods and tools are
not yet comprehensively implemented. In addition, the
tools have been developed to fully comply with ISO/IEC
15504 for the assessment with the use of other inter-
national standards: ISO 12207, COBIT, etc. in paper
form, spreadsheet, and software (such as ConCatenator
& SPiCE Master Tool develop questionaire/apply to vari-
ous standards/record/rating/report in word and powerpoint
formats) [37], SPiCE 1-2-1 (self-assessment for strength
and weakness/graphic and report) [38], SPiCE-Lite (self-
assessment for specific processes taking 3-4 hrs./report like
the SPiCE 1-2-1) [39].

Our approach differs from these methods and tools
which are mostly depending on manual process based on
task list. Our approach focusses on support the users to un-
derstand what to do in each task list. Thus, the details of
task list were made more comprehensible and explicit by
breaking down into task characteristics which were offered
and verified all key tasks in each task list by certified consul-
tants and assessors. The related work product characteristics
consisting of all key components in each work product and
mapping rules between task characteristics and work prod-
uct characteristics were also identified and verified by certi-
fied consultants and assessors. As a result, our approach can
lead the users who are inexperienced in applying ISO/IEC
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29110 standard to do process assessment by themselves
efficiently.

3. Framework
3.1 Conceptual System Architecture

The layered architecture of the knowledge-based software
process assessment support system is shown in Fig. 2.

The domain reference model layer consists of the do-
main reference model (ISO/IEC 29110) focusing on two
main processes: project management (PM) and software im-
plementation (SI) and the task and work product characteris-
tics (TC & WPC), described in the Sect. 3.2.2. The ISO/IEC
29110 ontology, described in the Sect.3.2.1, is developed.
The ontology represents a domain knowledge blueprint that
can be shared and reused in this project and other projects
implementing the ISO/IEC 29110 standard.

The knowledge and data layer consists of three main
components: Knowledge base, Software project database
and Rating and recommendation engine. The knowledge
base consists of ISO/IEC 29110 Ontology, TC & WPC map-
ping rules and Recommendation rules. The software project
database contains the software project information collected
from participating software companies. The rating and rec-
ommendation engine generates the scores and ratings based
on the database, knowledge base and formulas described in
the Sect. 3.3. In addition, recommendation for the users is
also generated based on recommendation rules in form of
decision tables.

The application layer consists of a functional sys-
tem for evaluating processes and providing recommenda-
tion consistent with the ISO/IEC 29110 standard. It also
supports authentication and software project information
management functions. The services are divided into 3
types: 1) Manage project profile (Information Management
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Fig.2 Layered architecture of ISO/IEC 29110 self-assessment support
system
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Service), 2) Assess initially of the gap between current pro-
cess and the standard (Self/Pre-assessment Service), and
3) Provide guidance on how to adapt the organizational
processes to the required standard (Recommendation Ser-
vice). All of these services will enhance the user’s abil-
ity to assess the capabilities of an enterprise software pro-
cess before adopting international standards (Gap Analy-
sis), examine self-processes before getting an official assess-
ment (Readiness Review), and self-assessment to improve
the quality (Self-Assessment), self-renewal for a standard
renewal (Surveillance), gaining recommendation to fill the
gap, making it possible to improve and develop the process
faster.

3.2 Knowledge Engineering Process
3.2.1 Ontology

In developing a domain knowledge model, sources of
knowledge are ISO/IEC 29110 (Software engineering—Life
cycle profiles for Very Small Entities (VSEs)) and ISO/IEC
33000 (Information technology — Process assessment) [24]—
[31] and certified consultants/assessors. Domain knowl-
edge modeling of the ISO/IEC 29110 standard was designed
in ontology form. The ontology was used as a concep-
tual agreement between experts and system and database
designers during the entire project. Figure 3 shows some
main concepts that are involved with the assessment process
and criteria. Six key concepts of ISO/IEC 29110 include
Project, Process, Activity, Role, Task List and Work Prod-
uct. Assessment of Project relies on assessment of its Pro-
cess, Activity and Task List respectively. Task Listis related
to Role and Work Product. Two additional concepts, pro-
posed by our framework, are Task Characteristics (TC) and
Work Product Characteristics (WPC). The two concepts are
defined as the sub-components of Task List (TL) and Work
Product (WP) respectively. Their relation provides the links
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e chame
‘ Process | | SI Activity ‘ . Request
) ‘W‘
‘has_ IS-A | Work # _ Repository
- Activity ¥ h”O% ISA |ﬁth;g‘
e as Recor:
e o EEEEE
has |  Work Product Reaquirement
' Task List ’ Characteristic Specification
——— relate |, ‘m‘
has_  has Task _ procedures
Py N procedures
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ISSAT .
| Customer || WorkTeam | Analyst  Designer |

| Technical Leader | Project Manager | Programmer

Fig.3  Domain ontology of ISO/IEC 29110 standard
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between Task List and Work Product. Subclasses and prop-
erties of the concepts are additionally defined. For brevity,
only partial subclasses are shown. The ontology is primar-
ily used in guiding design of database, user interfaces and
reports.

3.2.2 Task and Work Product Characteristics

In building a knowledge base for software process assess-
ment support, Task-related knowledge was extracted to cre-
ate objective evaluation criteria: Task Characteristics (TC),
Work Product Characteristics (WPC) and their relation-
ships. TC is the key subtask of TL that is analyzed by ex-
perts from the TL specified in the standard. These TCs con-
stitute each TL and are related to the WPs of the TL which
are specified in the standard. WPC is a key component of
each WP that is analyzed by experts from WP description
in the standard. Each TC will be associated with at least
1 WPC. The WPC can support users to verify the evidence
associated with each TL. This can help to provide recom-
mendation for improving the quality of each evidence. In
this research, we have identified 170 TCs of the 67 TLs and
identified 275 WPCs of the 22 WPs in accordance with the
ISO/IEC 29110 standard. In addition, we have defined over
420 relationships between the TCs and the WPCs. TC un-
der PM process is identified as PTC which the first letter “P”
comes from the first letter of “PM”. The definition of STC
is the same as PTC but changes from PM process to SI pro-
cess. PTL and STL refer to TL of PM and SI processes in
sequence. For example, as presented in Table 1, we found
that a TL involved in maintenance documentation is not only
relevant to Maintenance Document but it is also related to
Change Request, Software Configuration, Software Reposi-
tory, and Verification Result. The exemplified relationships
can be elaboratedas follows

STC.6.3.1 “Document/update” is related to WPC.4.1
“Reference to all elements developed during implementa-
tion” and WPC.4.2 “Environment identification for devel-
opment and testing”.

STC.6.4.1 “Verify consistency with software configu-
ration” is related to WPC.4.3 “Application status (verified
and baselined)”.

STC.6.4.2 “Document the Verification Results” is

Table1l Example of relation between task characteristics and work prod-
uct characteristics

WEL Chawge Request ADsitepance Docoment | SW Confizuration | Verification Resalt
FTLETC L0 [ 22 [ [ 40 [ 41 | 43 | 44 | U3 | UM (D8 | 0d | .

FTC631

| Docem eat Update) X I
FTCA4]
{Verify Comttemcy) X
FTCE42
(Verification Recalr) X X X

TC 643
Approved by TL) I

FTCA44

|Fequest Change)* X X X
651

(Coxfigaration) X X
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related to WPC.21.43-WPC.21.49 including item to verify,
participants, date including duration and place, verification
check-list/criteria, passed/failed/pending items of verifica-
tion, defects identified during verification, and follow up in-
formation, respectively.

STC.6.4.3 “Correct until approved” is related to
WPC.4.4 (Approved by TL).

STC.6.4.4 “Request changes if needed” is related to
WPC.2.1-WPC.2.6 involving in purpose of change, request
status, impacted system, impact to associated documenta-
tion, informed change to stakeholder, and application status
(initiated, evaluated, and accepted), respectively.

STC.6.5.1 “Incorporate to the baseline” is related to
WPC.14.23 “Maintenance Documentation uniquely iden-
tified” and WPC.14.24 “applicable status (delivered and
accepted).

The list of TCs, WPCs and their mappings rules are
maintained in a spreadsheet format, as shown in Table 1,
and automatically imported to the system knowledge base
as decision tables. The use of decision tables maintained
in external spreadsheets allows the TC and WPC lists and
their mapping rules to be managed by the domain experts
separately outside the program.

3.3 Assessment Grading Formula

Assessment processor calculates scores of task character-
istics using the rules based on the relationship between
task characteristics (TC) and work product characteristics
(WPC). Calculating each TC score of each TL under the PM
process will be assigned a corresponding reference code,
such as PTC1.1.1, a reference to a TC score of TC having
the reference code 1.1.1 of TL with reference code 1.1 un-
der PM with reference code 1. Likewise, the calculation
of the score of each TL under the PM process is assigned
a corresponding code. For example, PTL1.1 represents the
TL score of TL having the reference code 1.1 under the PM
process with reference code 1. The STC and STL can be
considered in the same as PTC and PTL but use SI pro-
cess instead. Work Product Characteristics scores are pro-
cessed the completeness of the work product (WP). Each
task characteristic (TC) score is calculated from the scores
of related work product characteristics (WPC) by the for-
mula 1. After that each task list (TL) can be formulated from
all scores of associated task characteristics by the formula 2.
These scores of in-depth data can be linked to calculate the
score of the activity and the process by existing methods
continuously.

Formula 1: To calculate the score of each task characteristic
of PM process

n

WPC,
PTC = —— .

Where PTC;j is the score representing the coverage of Task
Characteristic with the j reference code under the Task List
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of PM process, based on the relationship specified in the
knowledge base. WPC; is the value of each WPC associated
with PTC in order of 1, starting from 1 to n, which is the
total number of WPCs involved. The WPC value is set to 1
if found, and O if no evidence is found.

Formula 2: To calculate the score of each task list of PM
process

n

PTC;
PTLj = = ——
n

Where PTL;) is the score representing the coverage of Task
List with the j reference code under the PM process, based
on the relationship specified in the knowledge base. PTC;
is the value of each PTC associated with PTL in order of
i, starting from 1 to n, which is the total number of PTCs
involved. The range of PTC value is between O to 1.

The activity level score is then calculated following the
ISO/IEC 33000([14], [15]. The score for each activity is
the average of all TL scores under that activity expressed
as a percentage, which can be rated as N/P/L/F based on
the condition: 0-15% for N, which means no achievement,
>15-50% is P, which means partially achieved, >50-85%
is the L that shows that largely achieved, >85-100% as F
represents the fully achieved.

Each process is then evaluated at the capability level
based on ISO/IEC 33000. Currently, there are two capabil-
ity levels: Capability Level O (CLO) and Capability Level 1
(CL1). If all activities under this process are rated as L or
F only, the process will be evaluated as CL1, indicating that
the organization is implementing the software process and
achieving its objectives within the defined process scope.
The other cases are evaluated as CLO, which states that the
organization does not implement software process or imple-
ment it but not achieve the intended purpose.

Finally, the assessment result of the ISO/IEC29110 im-
plementation of the proposed method for each organization
is based on the consideration of the capability of all pro-
cesses (PM and SI), which the organization can achieve if
all processes are rated as CL1, otherwise it will fail.

4. A Case Study: ISO/IEC 29110 Self-Assessment Sys-
tem

4.1 User Input and Report Design

The system was designed to be simple for all users. Partici-
pating users can access the service via the DIGEST System
website (https://digest.openservice.in.th). While users start
assessing the process, the user can specify the scope of the
activity as shown in the first part of Fig.4 (e.g. “Scope of
Activities: PM.1-PM.4, SI.1-S1.6” for the project: DRM-
Dynamic Resource Management) to be evaluated accord-
ing to ISO/IEC 29110 standard, which consists of two main
processes and ten activities that can be implemented in the
project as shown in the second part of Fig. 4 (presenting all

343
Project: DRM-Dynamic Resource Management
[Round: 3] [Created Date: 12/06/2018] [Scope of Activities: PM.1-PM.4, S1.1-S1.6 ] @
PM.1 Project Planning e =
PM.2 Project Plan 5 . T s P
= @
Pi st Assessment 5 ~ b A. i .
PM.1.1 Reviews the statement of work Q
3

Roles Work Product Input Work Product Output

PM, TL Statement of Work Statement of Work [reviewed]

n, scope, and deliverable.
Product D irement)

e list

« Review the project's objectives, product description, scope, and deliverable.
# Review record of Statement of Work

PM.1.2 Define with the Customer the Delivery Instructions of each one of the Deliverable specified in
the Statement of Work

Fig.4  Example of pre-assessment input form

activities under the identified scope such as “PM.1 Project
Planning, PM.2 Project Plan, etc.”). Moreover, the users
can import the task information via the evidence or the work
product information relating to the identified tasks as shown
in the third part of the Fig. 4 (presenting all task lists PM.1.1
and PM. 1.2 under specified activities PM.1 involving related
task characteristics and their work product characteristics.
In this part, the user has to confirm the artifacts made un-
der the task). The task or work product information associ-
ated with the user input is then retrieved following the estab-
lished relationship rules. An input screen is shown in Fig. 4.
The process assessment result can be viewed in tabular
and graphic format as shown in Fig. 5. The implementation
of the task characteristics will be also reported. Further-
more, the assessment result can present in two capability
levels detailed as follows:
e Activity level, the system can view the capability of im-
plementing each activity as shown in the second part (pre-
senting the capability rating of each activity calculated from
the formula referring to the Sect. 3.3) and the third part (pre-
senting % achievement or implementation of each activity
of PM and SI process with graph) of Fig. 5.
e Process level, the system can show the capability of im-
plementing each processas shown in the first part (present-
ing the self-assessment results of the organization based on
the capability level of every processes in accordance with
ISO/IEC 29110 standard) and forth part (proposing activ-
ities under the process that should focus on improving to
achieve standards) of Fig. 5.

4.2 Preliminary Evaluation

To ensure the benefits of the proposed approach, the re-
search team has made a preliminary evaluation in term of
spent time and task coverage, by comparing with the ex-
isting method. The assessment results were obtained by
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Self-Assessment Result @

Self-assessment result of the organization: FATL

PM Process -> Process Capability Level: CLO, Process Score: 65.51 %

SI Process - Process Capability Level: CLO, Process Score: 47.48 %

% Implementation of PM & S| Process

®

SI Process
The best activities following the standard
+ SI.2 Software Requirement Analysis (6950 %a)
The activities needed to improve respectively
+ SL6 Product Delivery (11.61 %)

* SL3 Software Int Tests
« SI.4 Software Construction (44

+ SL1 Software Tmplementation Tnitiation (50.00 %)

Process Capability Rating Chart @

Project Management Activities % Achievement Rating Task lists
PML1 Project Planning 76.03 L 15
PM 2 Project Plan Execution 34.62 P 6
PM.3 Project Assessment and Control 59.72 L 3
PM.4 Project Closure 91.67 CF ] 2
Total PM process. 65.51 CLO 26

Fig.5 Example of an assessment result report

conducting the tests with 16 users who have been involved in
software development process. Two test cases, i.e. existing
and proposed methods, were conducted in accordance with
the software implementation process, focusing on the ac-
tivity “Software Requirement Analysis” (SI1.2) of ISO/IEC
29110, which consists of 7 task lists (SI.2.1-S1.2.7). The
test cases are detailed as follows.
o Test Case#l-Existing method: The test is based on
a paper-based assessment template for evaluating Task List
that adopted the current Deployment Package [40].
e Test Case#2—Proposed method: The test according to
the proposed method is to evaluate Task Characteristics
and Work Product Characteristics, using the DIGEST sys-
tem. The scores are calculated to assess each Task List
respectively.

Details and conditions of the test cases are defined as
follows:
1. The project used inthe test cases involved a software
project that supports software engineering process in a com-
pany, focusing on the activity “Software Requirement
Analysis”.
2. Sixteen users from private and government organizations
participated in this evaluation. These users have been in-
volved in software development process but have no expe-
rience in applying ISO/IEC 29110 standard before the tests.
Before conducting a preliminary evaluation, we provided
an overview training of ISO/IEC 29110 standard and the
assigned project. Therefore, each user has basic knowl-
edge about ISO/IEC 29110 standard but not the detailed
assessment knowledge according to the standard prior to the
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tests.
3. Each user has to test both cases, including the existing
self-assessment method and the proposed self-assessment
method using the process SI.2.1, SI.2.2, SI.2.3, SI.2.4,
SI1.2.5, SI1.2.6, SI1.2.7 in ISO/IEC 29110. The order of the
tests was the existing method followed by the proposed
method for every user. The order of the test was fixed
because the detailed Task Characteristics and Work Prod-
ucts shown by the DIGEST system could affect the answers
made in the paper-based template otherwise. We understand
that the fixed order could also introduce some learning ef-
fect. However, we believe that this effect was not significant
because the users have been overviewed about the assigned
project before the tests. So the learning process about as-
sessing the project mostly occurred before the tests, not dur-
ing the tests.
4. The time spent in each method of each user (16 users),
starting from beginning the task to submitting the answers,
is recorded.
5. The number of subtasks under each TL in each method
of each user is recorded. Average of task coverage of all
TLs (S1.2.1-S1.2.7) is calculated from the average number of
correct task characteristics (#TC) for each task list in each
method.

The percentage of improvement in completion time and
improvement in task coverage are calculated as follows.

YoImprovement in Completion Time
= (T, -T,) x100/T,

Where T, is the average completion time of the existing
method (minutes), T, is the average completion time of the
proposed method (minutes).

Yolmprovement in Task Coverage
=(TC,-TC,) x100/TC,

Where TC), is the number of tasks involved (or task char-
acteristics) in each task list of the proposed method, TC, is
the number of tasks involved in each task list of the existing
method.

Test results based on these measurements are presented
in Table 2. The average improvement in completion time
(%) is ((32.3 — 11.6) x 100)/32.3 or 64%. The average
improvement in task coverage (%) of the Task List SI.2.1,
SI.2.2,S1.2.3, SI.2.4 and SI1.2.7 is (50 + 20+ 51 + 43 + 50)/5
or 43%.

In addition, we consider the variance of task coverage
of both methods. The variance of the time spent of all 16
users in the proposed method is 15.46 which is less than that
in the existing method which is equal to 33.43. The variance
of task coverage in the proposed method is equal to zero in
each task list SI.2.1-SI.2.7 because the system only shows
the related tasks and work products. The variances of task
coverage in the existing method are equal to 0, 0.65, 2.13,
0.73, 0, 0, and 0.80 for the task lists SI.2.1-SI.2.7 respec-
tively, which are greater than those of the proposed method.
Thus, using the support system would be less dependent on



METHAWACHANANONT et al.: SOFTWARE PROCESS CAPABILITY SELF-ASSESSMENT SUPPORT SYSTEM BASED ON TC AND WPC

Table 2  Test results comparing between existing and proposed methods
Averageof | Average Number of Tasks Involved in each task list (£TC)*
Model Time Spent
(Minutes) | SL21 |SL2.2 | SL23 | 5124 SL2.5¥ |SL26%F | SL2.7
Existing Method (Template) 323 0|24 34|23 00 0.0 10
Proposed Method (DIGEST System) 116 20 |30 | 70 |40 | 00 0.0 20

0 w [s[a] - [ -]

Improvement (%) 64
43

Note:

«Average Task Coverage is the average number of tasks involved or task
characteristics #TC)according to the standard in each given task list (S12.1-
SI2.7)that has been inputted by all users (16 users).

= Since the task list S12.5 and S12.6 are optional and are not required in the
assigned project. Therefore, they cannot be considered for improvement in
task coverage. It should be noted that the average numbers of task
characteristics that the users entered incorrectly for SI2.5 and SI2.6 are 0.7
and 14 respectively for the existing method and are both zero for the
proposed method. This shows that the proposed method can help to prevent
the users from inputting erroneous tasks for such task lists.

individual skills/expertise of users compared to the exist-
ing method. In addition, the users receive more compre-
hensive information in case of tool-supported work because
the tool can automatically present task and relevant products
that support the users in entering less erroneous data and re-
sulting in more complete information. Higher degree of task
coverage under each task list can lead to more relevant task
evaluations, leading to better self-assessment results. Thus,
the preliminary results indicated that the proposed method
by DIGEST system can potentially support the users to con-
duct more effective self-assessment.

5. Discussion and Conclusion

In this paper, we present a knowledge-based support system
for software process capability assessment of the ISO/IEC
29110 standard. Our framework adopted a knowledge en-
gineering approach in modeling embedded the knowledge
of the standard guideline and experience of assessors and
consultants to consolidate them in an explicit, formal and
reusable knowledge form. The approach differs from exist-
ing system development that usually embedded the domain
knowledge and business rules in the programs which limited
its reuse and is often difficult to maintain.

Our approach focusses on support the SMEs to under-
stand what to do in each task list. Thus, the details of task list
were made more comprehensible and explicit by breaking
down into task characteristics. We made the details of task
list more explicit by breaking down into task characteristics
(TC). In addition, we identified related work product char-
acteristics (WPC) and defined mapping rules between task
characteristics and work product characteristics accordingly.
The domain ontology was used as a conceptual agreement
among assessors, consultants, system and database design-
ers. The rule base knowledge primarily focuses on defining
relations between characteristics of tasks and work products.
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The rating and recommendation engine can automatically
generate scores and evaluate the standard based process im-
plementation according to the proposed formulas. There are
also recommendations to point the way for users to improve
their processes. The process aimed to formalize and make
explicit the assessment criteria that is implicit in the stan-
dard guideline. With this knowledge, software development
capability can be assessed in terms of gap analysis and pre-
assessment of readiness review before requesting the offi-
cial assessment. The assessment result is rated based on the
scores of work products, task lists, activities, and processes
respectively.

A case study of developing a support system prototype
for self-assessment of the ISO/IEC 29110 standard is pre-
sented. A preliminary evaluation results demonstrate sig-
nificant improvements in terms of task coverage and time
spent.

One limitation of the framework is that the user-
specified task and work product characteristics are given the
same priority. Thus, the weight of each item is not currently
assessed. Therefore, our future work plan to incorporate
weight-based analysis of task and work product character-
istics in the assessment process.
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