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Summary 
In the previous decades, there are many requirements 

management tools available in the market. However, these tools 

are expensive, complicated, difficult to learn and too 

sophisticated for small and medium projects that have resources 

and budget limitation. Thus, a requirements management tool, 

known as Requirements Management Tool for Small and 

Medium Projects (RMT-SMP) is developed on open source 

platform targeting the small and medium software projects. This 

paper presents an evaluation of using RMT-SMP during software 

development projects for small and medium projects in the real 

industry. This work is steered based on empirical methods in 

software engineering using case study.  In software engineering, 

case studies are used for validating research, for example, 

evaluation of new tools, processes, or methods. Thus, the case 

study research design components are research questions, 

preposition or hypothesis, unit of analysis, determination of how 

data are linked to prepositions and criteria interpret the findings. 

In order to establish quality of case study, we conducted 

construct validity, internal validity, external validity and 

reliability.  The result of this case study has shown the success of 

applying the RMT-SMP during software project development for 

small and medium projects and can be concluded that RMT-SMP 

is practical and feasible for the small and medium projects. The 

RMT-SMP encourages the practitioners to have a better 

approach in managing their requirements during software 

development projects. 

Key words: 
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1. Introduction 

These days, developing software projects is becoming 

difficult and challenging. The majority of software 

development projects in the USA will take longer, cost 

more than planned and result in “out of specification‟ 

products that fail to meet user requirements [1]. Moreover, 

a report on a survey of over 3800 organizations in 17 

European countries concluded that more than 50% of the 

perceived software problems were in the area of 

requirements specification and requirements management 

(RM) [2].   In a study [3] in twelve software companies 

have revealed that lack of skills and poor staff retention 

seem to have a significant impact on the capability of the 

requirements processes to produce good initial sets of 

requirements 

Surveys conducted by [4], [5] that investigated why 

software projects fail show that projects do not fail for one 

single reason, but they fail for multiple reasons. Their 

result has shown that a common problem with failed 

projects was inadequate requirements when the delivery 

decision was made (73%) [4].  The customer did not spend 

enough time with developers to define the requirements 

properly; this can lead to unrealistic expectations. Then, 

because the initial requirements are poor, it is not 

surprising that there are scope changes during the project.  

Although the software world has changed significantly 

with several programming and development paradigms, 

poor requirements is still one of the reasons for software 

projects failure in this decade, which is also one of the 

main reasons for software failure in previous decades [1], 

[4], [5].   

Requirements are volatile due to change in needs, 

processes and technology. This makes manual requirement 

management a challenging task. To overcome such 

problems, practitioners developed various tools to collect 

and manage software requirements [6]. Hence, there are 

many requirements management tools on the market that 

claim to support the requirements management activities 

[6]–[8]. However, not all of these tools on the market are 

focused solely on requirements management activities. 

The use of requirements management tools has become 

essential when considering the size and complexity of 

development efforts [9], [10]. There are some commercial 

off-the shelf- requirements management tools such as IBM 

Rational DOORS [11] and Rational Requisite Pro [8]. 

However, these tools use different concepts; have different 

capabilities and differing degrees of maturity with respect 

to their applicability in system engineering projects [12] 

and are more suitable for large sized of projects. In 

addition, from a website survey by the Incose Group [13] 

it was revealed that most of the requirements management 

tool are not focused solely on managing requirements, are 

difficult to use and expensive, therefore, they are more 
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suitable for larger applications. As a result, there is a need 

for requirements management tool that is available for free, 

suitable for small and medium projects that have limited 

resources. Hence, a requirements management tool known 

as RMT-SMP which is developed on open source platform 

that is suitable for small and medium projects. 

This study aims to explore within the real-life context 

whether or not the RMT_SMP does provide advantages to 

the practitioners. Hence, an industrial case study was 

conducted at Malaysian software industry. It is widely 

believed in the software engineering domain that real-life 

case studies are only suitable for an industrial evaluation 

of software engineering techniques and tools if they are 

organized and conducted in a sound way [14]. 

The main objective of this study is to investigate how the 

requirements management tool could offer a better way of 

managing requirements for small and medium projects in a 

real industry setting. The results obtained from this case 

study cannot necessarily be generalized to represent the 

Malaysian software industry need and cannot guarantee 

that similar success would be achieved in other 

applications because the data collected in the case study is 

from only two software development projects. However, 

in this case study, the RMT_SMP tool was found to be 

capable of promoting a better way of practising 

requirements management and would lead toward 

developing quality software within the allocated budget to 

deliver it at the right time. 

2. RMT_SMP 

The RMT_SMP is developed targeting for managing 

software requirements in small and medium software 

projects that have limited resources in terms of budget, 

human resources and capital. Hence, the elements of 

RMT_SMP that composed of general and specific 

elements are recognized rigorously in order to analyse the 

tools features [8].  The general elements include the 

general features that the RMT_SMP tool should have, 

whereas the specific elements are the requirements that 

specific for RMT_SMP. 

2.1 General Elements 

The general elements are important because they describe 

the features that the tool should accomplish in order to fit 

the software industry needs. Table 1 below presents the 

general elements for RM tools, follow by detailed 

explanations.   

 

 

 

 

Table 1: The general elements 
Elements Description 

Usability, simplicity 
and customization 

The tool should be easy to use. Not too 
much training and administration needed. 

The tool should not create additional 
tasks and deployment should not require 

extensive customization. 

Access control 

The tool must have tight access control 
whereby each participant has appropriate 
access to the data. (Role-based, project-

based and task based access control.) 

Tailoring and 
Extensibility 

The tool must be adaptable and 
extensible to the needs of the 

organization or project. 
Description   Free 
licensing and full 

version availability 

The tool should be free licensing that 
allows the user to use the tool in full 

version without limitation.   

Database centric The tool should be database centric, but 
also support document management. 

2.2 Specific Elements 

The specific element is defined in the Table 2 below, 

followed by detail explanation.  

Table 2: The specific elements 
Elements Description 

Requirements 
identification 

The tool should support the identification 
of requirements. The requirements ID, 
which is a number for each individual 

requirement is mandatory.   
Requirements 
classifying and 

viewing 

The tool must be able to classify 
requirements into logical user defined 

groups. 

Requirements  
base-lining 

The tool should be able to manage 
functional and non-functional requirements 
that the development team has committed 

to implement in a specific release. 

Change control 

The tool must :  
offer the  possibility of handling formal 

change requests.    
Track all changes and kept in the database.  

The tool should be able to update the 
requirements document. 

Version control 
The tool should be able to identify:  
Requirements document versions  
Individual requirements versions  

Status tracking 

The tool has to :  
Define possible requirement statuses  
Record the status of each requirement  
Reporting the status distribution of all 

requirements. 

Requirements 
tracing 

The tool ought to :  
Define links to other requirements  

Define links to other system elements 

Use Case 
specification 
generation 

The tool must be able to generate Use Case 
specifications documents. The tool uses 

predefined document definitions to 
generate documents with current data from 

the database 
List of 

requirements 
generation 

The tool should be able to generate a list of 
requirements as a support documents. 

Requirements 
linking to system 

elements  
 

The tool should be able to keep functional 
requirements, the design components and 

code modules that address each 
requirement, and the test cases that verify 

its correct implementation.    

Authentication 
procedure 

The tool should allow individuals with 
different roles to log in to the tool. The tool 
should restrict its functions to the different 

users. 

Project definition 
The tool should allow a project to be 
defined in order to keep requirements 

separately from other projects. 
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Create user 

The tool should be able to create user id 
and password with different roles. This is 
important for the user to log in and use the 

tool efficiently. 

3. Methodology  

3.1 Case Study Research Design 

Case study has been chosen as a method to carry out our 

research since it is a scientific or empirical method used 

when we want to test whether RMT-SMP giving positive 

impact on software development in the real world in a 

specific context instead of having ad–hoc RM. This is 

because case study research has grown in reputation as an 

effective methodology to investigate and understand 

complex issues in real world settings [15]–[17]. In 

software engineering, case studies are used for validating 

research, for example, evaluation of new tools, processes, 

or methods. Thus, case study is designed based on 5 

components [18] : 

3.1.1 Research Questions 

This research will address the following research question:  

RQ: How the best practices of requirements management 

that is applied into RMT-SMP tool  has a positive impact 

on encouraging the RE practitioners to have a better 

approach for managing requirements in developing the 

small and medium software projects? 

3.1.2 Propositions or Hypothesis  

Hypothesis is an educated guess that keeps the research in 

the right direction [18]. The hypothesis of the case study is 

defined as: 

1. The RE practitioners themselves indicate that the 

RMT-SMP has a positive influence on the 

requirements management practices when 

compared to ad-hoc requirements management 

practices. 

2. The RMT-SMP is considered suitable for the 

given Malaysian software projects when the 

tool’s features can meet the general and specific 

elements. 

3.1.3 Unit of Analysis 

There are two software development project size that are 

compared, that is, small and medium size software 

projects. A project is considered as small when overall 

atomic requirements are less than 500 and medium project 

when the number of atomic requirements is between 500-

1000 [19], [20]. Based on these conditions and 

considerations, a project called E-Filing is identified at 

company Z (the name of the company is withheld for 

reason of private and confidential). Company Z is a semi-

government agency and the case study is conducted at 

their Information Technology Department. As the 

development of E-filing involved 250 requirements, this is 

considered as small projects.  Another project is identified 

in Company Y and it is known as Human Resource 

Management System (HRMS). The number of 

requirements is 650 and it is consider as medium project. 

It is important to identify a small project similar to E-

filling project and a medium project similar to HRMS. In 

addition, the small and medium projects should have the 

similar characteristics as E-filling and HRMS; and were 

previously carried out in company Z and Y. Thus, in 

company Z, a previously small project is identified as a 

Project Management and Monitoring System (PMMS). 

While in company Y, a prior medium project is known as 

Office Documents Management System (ODMS). The 

comparison is conducted for small projects; between E-

filling and PMMS and medium projects; between HRMS 

and ODMS. In PMMS and ODMS, the requirements 

management practices were ad-hoc and there were no 

requirements management tool getting involved. On the 

other hand, in E-filling and HRMS, the requirements 

management practices are defined and using the RMT-

SMP to manage their requirements. The results are 

significant to show the comparison. 

3.1.4 Determination of How Data are Linked to 

Prepositions  

Data collected during case study should be a reflection of 

the proposition and mapped to it [18].  Table 3 shows the 

metric for comparison used in this research, which reflects 

our proposition and research questions. There are a lot of 

other factors that interplay with each other to contribute to 

the success of requirements management, such as the 

knowledge of RE practitioners and management 

commitment. Moreover, there are also many variables that 

are required to be measured and controlled during the case 

study. However, in this case study, the focus is on the 

positive and negative effects that will bring the success of 

requirements management. This is important in order to 

identify the merits or problems based on the empirical 

evaluation under the context of the case study, since it is 

beyond the scope of the research to investigate the causal 

relationship of all factors interacting in the case study as 

well as in the research. 

Table 3: Variables to be measured  

No Variables to be 
measured 

Notes 

1 

Total number of 
(atomic) requirements 

in the final 
requirements 
specification 

Atomic requirements are defined 
as lower level requirements with 
one specific function and cannot 

be further broken down into a 
lower function (Salzer, H. 1999). 
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2 Number of analysts 
involved 

Analyst plays the role of 
requirements engineers as well 

3 Number of developers 
involved 

Analyst can also be a developer or 
tester when they are required by 

the project. 

4 Number of original 
requirements  

5 Number of 
requirements deleted  

6 Number of 
requirements rejected  

7 Number of change 
request  

8 
Number of 

requirements change 
approved 

 

9 
Number of 

requirements change 
rejected 

 

10 
Number of 

requirements change 
evaluated 

 

11 
Number of 

requirements 
change verified 

 

12 
Number of 

requirements 
change modified 

 

13 
Number of 

requirements change 
completed 

 

14 Number of completed 
change request  

15 Project duration Include the planned duration and 
actual duration 

16 Effort in person-month Can be calculated from variable 3 
and 15 

17 
Cost overrun in terms 

of the 
Effort in person-month 

Can be calculated from variable 3, 
15 and 16 

18 Software project 
budget  

19 
The number of 

software product 
quality expectation 

 

3.1.5 Criteria to Interpret Finding  

Any findings and conclusions will be made on the basis of 

data collected during case studies keeping in view the 

research questions and propositions along with the 

statistical analysis. 

3.2 Criteria for Judging Quality of Research Design  

There are four tests as described in [18] to establish 

quality of case study which are : 

3.2.1 Construct Validity  

Construct validity ensures correct operational measures 

chosen for the concepts being studied. Table 3 shows 19 

variables that were measured in this research which 

reflects our research questions as well as proposition. 

3.2.2 Internal Validity  

Internal validity is inapplicable to case studies that are not 

concerned with causal situation. In our research, each 

inference is given its due consideration and rationale 

during the research design. 

3.2.3 External Validity  

Within case studies, it means that the results can be 

generalized to similar cases to those that were studied. In 

our research, two size of software development projects 

were compared to ensure our results can be used to 

generalizable.  

3.2.4 Reliability   

Reliability means that if the same procedures were 

employed on the same case study again (perhaps by 

another researcher), the researcher should arrive at the 

same results/findings earlier recorded. In our research, 

these steps were documented and executed. 

3.3 Implementing and Monitoring the Case Study  

This case study involves the development of two different 

software projects at different companies. Thus, it is 

important to monitor the projects’ progress and compared 

the results with the plan. In addition, the authors involved 

directly with the projects in order to ensure the   tool is 

conducted accurately. Although the tool is being 

introduced and trained with the team members, the authors 

keep on monitoring the team members when they used it. 

The data collected during the project development are 

summarized in the Table 4 for small projects and Table 5 

for medium project. 
 

Table 4 : Result from E-filling and PMMS 
Variables measured E-Filing PMMS 

Total number of (atomic) 
requirements 

in the final requirements 
specification 

250 225 

Number of analysts involved 4 4 
Number of developers involved 4 4 

Number of original requirements 130 120 
Number of requirements deleted 25 0* 
Number of requirements rejected 20 0** 

Number of change request 10 0*** 
Number of requirements change 

approved 9 0*** 

Number of requirements change 
rejected 1 0*** 

Number of requirements change 
evaluated 9 0*** 

Number of requirements change 
Verified 9 0*** 

Number of requirements change 
Modified 9 0*** 

Number of requirements change 
completed (installed as work 

product) 
9 0*** 

Number of completed change 
request 9 0*** 

Project duration Planned 6 months 6 months 
 Actual 6 months 9 months 

Effort in 
person-month 

Planned 24 24 
Actual 24 36 
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Cost overrun in 
terms of the 
Effort in a 

person – month 

Number 0 12 
% over the total 

effort of the 
project 

0 50% 

Software project 
budget (RM) 

Planned 10,000 15,000 
Actual 9,500 18,000 

The number of 
software 

product quality 
expectation 

Planned 6 6 

Actual 6 4 

Notes: 
0* indicates that the no requirement was deleted 

0** indicates that requirement rejected was never recorded 
0*** indicates that no requirements change management was 

conducted 

 
Table 5 : Result from HRMS and ODMS 

Variables measured HRMS ODMS 
Total number of (atomic) 

requirements in the 
final requirements specification 

650 680 

Number of analysts involved 6 6 
Number of developers involved 6 6 

Number of original requirements 500 490 
Number of requirements deleted 50 0* 
Number of requirements rejected 20 0** 

Number of change request 17 0*** 
Number of requirements change 

approved 15 0*** 

Number of requirements change 
rejected 2 0*** 

Number of requirements change 
evaluated 15 0*** 

Number of requirements change 
verified 15 0*** 

Number of requirements change 
modified 15 0*** 

Number of requirements change 
completed (installed as work 

product) 
15 0*** 

Number of completed change 
request 15 0*** 

Project duration Planned 9 months 10 months 
 Actual 9 months 18 months 

Effort in person- 
month 

Planned 54 60 
Actual 54 108 

Cost overrun in 
terms of the 

Effort in person-
month 

Number 0 48 
% over the total 

effort of 
the project 

0 80% 

Software project 
budget (RM) 

Planned 50,000 60,000 
Actual 48,000 75,000 

The number of 
software product 

quality 
expectation 

Planned 10 10 

Actual 10 7 

Notes: 
0* indicates that the no requirement was deleted 

0** indicates that requirement rejected was never recorded 
0*** indicates that no requirements change management was 

conducted 

4. Result Analysis 

This section describes the result analysis from the 

quantitative analysis of using RMT-SMP for small and 

medium software projects. Furthermore, the qualitative 

analysis of RMT-SMP also been discussed in this section. 

4.1 Quantitative Analysis 

The data collected during the development of E-filling was 

compared with the previous project, PMMS, which did not 

have proper RM practices. Both of these projects have 

similar project attributes. Table 4 and Fig. 1 present the 

result of comparison between these projects. It can be seen 

that, both of the projects are similar in number of analysts 

and developers as well as having the same project duration. 

Even though the E-filling has 25% more requirements than 

PMMS, the E-Filling project was able to complete its 

development as planned, within the budget and met the 

software quality expectations. Moreover, the E-Filling did 

not have cost overrun, as it developed the project on time, 

while the PMMS project had a 50% overrun. From the 

budget allocated, it can be seen that the E-Filling project 

managed to be developed within the budget. On the other 

hand, the PMMS project failed to control the budget, as it 

exceeded the budget by approximately 20%. When 

comparing the software product quality, it also showed 

that the E-Filling project managed to meet the quality 

expectations, while the PMMS project failed to do that. 

From Table 4, the PMMS project involved no designated 

repository for documenting the rejected documents. 

Although these were only rejected requirements, they 

might have been useful in the future. Additionally, the 

PMMS project did not have the changes management 

activity. So, when there were any changes in the 

requirements, it was difficult to handle. This became more 

difficult, if the changes occurred after the analysis phase. 

The possible reasons behind these circumstances are that 

the E-Filling project incorporated proper practice when 

managing requirements, as well as having a tool to help 

the team members to conduct requirements management 

activity. Thus, this can be seen as formal evidence that by 

incorporating the best practices and having a tool when 

conducting the requirements management activity leads to 

delivering software within the budget, on time and without 

compromising the software quality expectations. 

 

 

Fig. 1  Comparison of variables between E-filing and PMMS 
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Fig. 2  Comparison of variables between HRMS and ODMS 

The results of comparison for medium projects are 

presented in Table 5 and Fig. 2. The projects have almost 

similar project attributes but they are different in terms of 

managing their requirements management during software 

project development. In the HRMS project the 

requirements are carefully managed by using RMT-SMP 

while the ODMS project involves ad-hoc requirements 

management practices. Although both of the projects had 

the same number of analysts and developers, HRMS 

managed to deliver software on time and within budget. 

The ODHM has 30 atomic requirements more than HRMS 

and the duration is a month more than HRMS, however, 

ODHM did not successfully complete the projects on time. 

ODMS took about another 8 months to complete and was 

able to satisfy 7 software product quality expectations out 

of 10. The budget for developing the ODHM also overran. 

Figure 8-2 shows the number of requirements for HRMS 

and ODMS. It is clearly seen that ODMS did not compile 

the deleted requirements. The HRMS was able to manage 

all requirements change requests and that all the changes 

went through a well-managed procedure. However, in the 

ODMS project, the change requirements requests were not 

cautiously handled or documented. Thus, it can be 

concluded that the reason ODMS failed to deliver software 

on time and within budget was because ODMS did not 

have RM practices and the tool to support it. From the 

comparisons, it has clearly shown that RMT-SMP plays a 

vital role in managing requirements in small and medium 

projects. 

4.2 Qualitative Analysis 

In addition to quantitative analysis, a survey was 

conducted among the requirement engineers, project 

managers and developers who were involved in the 

software projects development. The objective of this 

survey is to evaluate the RMT-SMP using the ISO 9126 

quality model. In order to construct questions that are 

related to the ISO9126 quality model, a Goal Questions 

Metric is used. The following sections review the ISO 

9126 and Goal Questions Metric, which is then followed 

by the results. 

4.2.1 Qualitative analysis 

4.2.1.1 ISO 9126 

The ISO 9126 standard was developed in 1991 by the 

International Organization for Standardization (ISO) in 

order to provide a framework for evaluating software 

quality, which was then refined over a further ten year 

period [21]. The standard is used as a tool to identify the 

quality considered in each application.  

ISO 9126 standard is a constructive model for evaluation 

of the quality of basic information providing and rational 

decision making to avoid costly mistakes [22], [23]. ISO 

9126 defines a quality model with six characteristics 

namely functionality, reliability, usability, efficiency, 

maintainability, and portability which are further 

subdivided into 22 characteristics  [24], [25]  as depicted 

in the Fig. 3 and the explanation in Table 7. 

 

 

Fig 3 Software Quality ISO 9126 [26] 

Table 6: ISO 9126 Characteristics and sub characteristics [27] 

Characteristics Sub 
Characteristics 

Explanation 

Functionality 

Suitability Can software perform 
the tasks required? 

Accurateness Is the result as 
expected? 

Interoperability Can the system interact 
with another system? 

Compliance Is the system compliant 
with standard? 

Security 
Does the system 

prevent unauthorized 
access? 

Reliability 
Maturity 

Have most of the faults 
in the software been 

eliminated over time? 

Fault tolerance Is the software capable 
of handling errors? 
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Recoverability 

Can  the software  
resume  working  &  
restore lost data after 

failure? 

Usability 

Understandability 
Does  the  user  

comprehend  how  to  
use  the system easily? 

Learnability Can the user learn to 
use the system easily? 

Operability 
Can  the  user  use  the  
system  without  much 

effort? 

Attractiveness Does the interface look 
good? 

Efficiency Time behaviour How quickly does the 
system respond? 

 Resource Does the system utilize 
resources efficiently? 

Maintainability 

Analyzability Can faults be easily 
diagnosed? 

Changeability Can the software be 
easily modified? 

Stability 
Can  the  software  

continue  functioning  if 
changes are made? 

Testability Can the software be 
tested easily? 

Portability 

Adaptability 
Can   the   software   be   

moved   to   other 
environments? 

Installability Can the software be 
installed easily? 

Conformance 
Does  the  software  

comply  with  
portability standards? 

Replaceability Can the software easily 
replace the software? 

4.2.1.2The Goal Question Metrics Approach 

The Goal Question Metrics (GQM) approach was 

developed in the early 1980s by Victor R. Basili and his 

colleagues during their work at NASA Goddard Space 

Flight Centre for evaluating defects for a set of project 

[28]. It views the measurement process holistically by 

identifying the measures on the basis of measurement 

goals and interpreting them in order to access the level of 

achievement of the identified goals [29]. 

GQM has been defined in terms of three main levels, 

namely conceptual, operational and quantitative. In the 

conceptual level, the GQM defines the goals for an object 

so that further action is taken in the development of 

questions and related metrics. The operational level serves 

as a link between the operational level and the quantitative 

level. In this level, questions are developed to clarify and 

elaborate the goals in order to provide a base for 

identification of metrics. The quantitative level is the 

metric base which helps in the identification of those 

metrics. It is a set of data that is associated with every 

question in order to answer it in a quantitative way. 

4.2.1.3 The Result 

This section describes the result of the questionnaire; 

arrange by the ISO 9126 quality characteristics. Then, the 

result of user satisfaction is presented and the number in 

the box indicates the number of respondents who selected 

the corresponding answer. 

Quality factor: Functionality 

1. Suitability 

In the suitability factor, there are five questions which are 

shown below as in Table 8. It can be concluded that most 

of the respondents claimed that the tool is able to perform 

the RM activity as required because the number of 

respondents who select strongly agree is relatively high. 

Table 7: The data for suitability factor 
Suitability S

t
ro n g

l y
 

A g
r e e A g
r e e N e u
t

ra l D is a g
r e e S
t

ro n g
l y
 

D is a g
r e e 

1 
Did the RM tool manage your 
requirements during software 

development? 
10 0 0 0 0 

2 Did the RM tool document all 
your requirements? 10 0 0 0 0 

3 Did the RM tool manage change 
control? 8 1 1 0 0 

4 Did the RM tool manage version 
control? 8 2 0 0 0 

5 Was the RM tool able to trace the 
requirements? 8 2 0 0 0 

 

2. Accuracy 

There are six questions which represent the accuracy 

factor. It can be seen from Table 9 that most of the 

respondents claimed that the accuracy factor was good. 

Results from using the RMT-SMP tool then, are as 

expected because the numbers of respondents that select 

strongly agree and agree is high. 

Table 8: The data for accuracy factor 
Accuracy S
t

ro n g
l y
 

A g
r e e A g
r e e N e u
t

ra l D is a g
r e e S
t

ro n g
l y
 

D is a g
r e e 

6 Did the RM tool generate list of 
requirements? 9 1 0 0 0 

7 Did the RM tool generate use 
case specification? 10 0 0 0 0 

8 

Did  the  RM  tool  show  the 
 

traceability between 
requirements? 

10 0 0 0 0 

9 

Did the RM tool illustrate the 
traceability up to their sources 

and down to corresponding 
design, source code and test 

cases? 

10 0 0 0 0 

10 

Did the RM tool define a set of 
status values for a requirement, 

and monitoring status throughout 
the project? 

9 1 0 0 0 

11 
Did the RM tool manage the 

document versions and 
requirements revisions? 

7 3 0 0 0 

 

 

3. Interoperability 

The result concluded that the RMT-SMP is able to interact 

with another system as seven respondents select strongly 

agree and two respondents agree as in Table 10. 

Table 9: The data for interoperability factor 
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12 Can the RM tool 

interact with another 

tool? 

7 2 1 0 0 

 

4. Security 

From the result below in Table 11 it can be concluded that 

the RM tool does prevent unauthorized access. It can be 

seen that 100% of the respondents claimed that the tool 

allows different actors to access the tool and prevent 

unauthorized access. 

Table 10: The data for security factor 
  Security S

t
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l y
 

A g
r e e A g
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r e e S
t

ro n g
l y
 

D is a g
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13 Did the RM tool allow different 
actors access? 10 0 0 0 0 

14 
Did the RM tool prevent 

unauthorized access? 
 

10 0 0 0 0 

 

Quality factor: Reliability 

Table 12 below shows the result for the reliability quality 

factor that includes maturity, fault tolerance and 

recoverability as sub-qualities. It can be seen that the 

number of respondents who selected agree and strongly 

agree for maturity, fault tolerance and recoverability are 

higher than neutral, while none of them selected disagree 

or disagree. Thus, it can be concluded that the majority of 

the respondents claimed that most of the faults in the tool 

had been eliminated over time, that the tool is capable of 

handling errors, and that it can resume working and 

restore data after failure. 

Table 11: The data for reliability factor 
  Reliability 
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15 Were most of the faults in the 
RM tool eliminated over time? 4 5 1 0 0 

16 Were most of the faults in the 
RM tool eliminated over time? 4 5 1 0 0 

17 
Can the software resume 

working and restore lost data 
after failure? 

3 6 1 0 0 

Quality factor: Usability 

 

The usability factor is important to evaluate the tool in 

order to ensure the tool is easy to use. The sub-quality 

factors are comperhensibility, learnability, operability, and 

attractiveness. Based on Table 13, the numbers of 

respondents who selected agree and strongly agree is 

relatively high. While, none of the respondents selected 

neutral, disagree and strongly disagree. Hence, it can be 

concluded that most of the respondents claimed that the 

tool is easy to use as well as agreed that: 

 The user comprehends how to use the tool 

 The user can learn to use the tool easily 

 The user can use the tool without much effort 

Table 12: The data for usability factor 
  Usability S
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18 Did the user comprehend how to 
use the RM tool easily? 5 5 0 0 0 

19 Can the user learn to use the RM 
tool easily? 1 9 0 0 0 

20 Can the user use the RM tool 
without much effort? 4 6 0 0 0 

21 Did the interface look good? 10 0 0 0 0 

22 Did the user get lost while using 
the RM tool 10 0 0 0 0 

 

Quality factor: Efficiency 

The intention of evaluating the efficiency factor is to know 

how efficient the tool is. The efficiency factor includes 

time behaviour, resource and utilization as sub-quality 

factors. Most of the respondents selected agree and 

strongly agree while none of them selected neutral, 

disagree or strongly disagree as presented in Table 14. 

This is a good indicator to show that the tool is efficient to 

use as well as showing that the tool does respond quickly 

and utilizes resources efficiently. 

Table 13: The data for efficiency factor 
  Efficiency S
t
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23 Does the RM tool respond 
quickly? 6 7 0 0 0 

24 Does the RM tool utilize 
resources efficiently? 7 3 0 0 0 

 

Quality factor: Maintainability 

The maintainability factor concentrates on evaluating how 

easy is to modify the software. There are four sub-qualities 

for maintainability factors, which are analyzability, 

changeability, stability and testability. The respondents 

were aware of the following statements when questioned. 

 Faults are easy to diagnose 

 The tool is easy to modify 

 The tool continue functioning if changes are 

made 

 The tool can be tested easily 

 

Table 15 below shows that majority of the respondents 

selected strongly agree and agree to indicate that the tool 

is easy to modify. Thus, it can be concluded that the tool is 

easy to modify. 
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Table 14: The data for maintainability factor 
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25 Can faults be easily diagnosed? 3 7 0 0 0 

26 Can the RM tool be easily 
modified? 1 8 1 0 0 

27 Can the RM continue functioning 
if changes are made? 3 7 0 0 0 

28 Can the RM tool be tested 
easily? 5 5 0 0 0 

Quality factor: Portability 

The portability factor focuses on evaluating how easy is to 

transfer to another environment. In this factor, the sub-

qualities factors are adaptability, installability, 

conformance and replaceability. In addition, the 

respondents also claimed that: 

 The tool can be tested easily 

 The tool can be moved to other environments 

 The tool can be installed easily 

 The tool can easily replace other software 

 

Figure 16 below shows that the majority of the 

respondents selected strongly agree and agree to indicate 

that the tool is easy to transfer to another environment. 

Table 15: The data for portability factor 
  Portability 
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29 Can the RM tool be tested 
easily? 5 5 0 0 0 

30 Can the RM tool be moved to 
other environments easily? 9 1 0 0 0 

31 Can the RM tool be installed 
easily? 8 2 0 0 0 

32 Can the RM tool easily replace 
other software? 6 4 0 0 0 

 

User satisfaction 

In this user satisfaction, five questions ask the user to 

select their satisfaction concerning their various needs. 

The level of satisfaction ranges from very satisfied, 

satisfied, neither satisfied nor dissatisfied, dissatisfied to 

very dissatisfied. The result is presented in Table 17 below. 

It can be seen that most of the respondents are very 

satisfied or satisfied in using this tool, as the number of 

respondents who select them are relatively high. None of 

the respondents select neither satisfied nor dissatisfied, 

dissatisfied or very dissatisfied. This is a good indicator 

that the tool is competent in satisfying the user’s needs 

during the software project development. 

Table 16: The data for user satisfaction 
User Satisfaction S
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ro n g

l y
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1 Does the RM tool help you to 
manage your requirements? 10 0 0 0 0 

2 Does the RM tool encourage you 
to conduct best RM practice? 10 0 0 0 0 

3 
Does the RM tool help you to 

identify the errors at the earlier 
stage? 

3 7 0 0 0 

4 
Does the RM tool provide help 

and guidance in managing 
requirements? 

10 0 0 0 0 

5 Overall, is the RM tool capable of 
handling RM activity? 10 0 0 0 0 

5. Discussion 

From the result of the quantitative and qualitative data it 

could be concluded that the practitioners in small and 

medium projects have improved their RM practices 

compared to the development during the previous project. 

In addition, the requirement engineer, project manager and 

developer emphasized that using the RMT-SMP tool 

during the software project development had a positive 

influence on RM activity. From the qualitative data, it can 

be seen that the respondents claimed that RMT-SMP is a 

tool that encourages them to have a better approach in 

practicing the RM activity. The following observations 

were made based on the qualitative and quantitative data 

collected throughout this case study: 

 The requirements changes were handled carefully, 

analyzing, evaluating and modifying systematically. This 

indicates that the RMT-SMP is capable of handling the 

RM especially if there are any requirements changes 

required after the analysis phase. 

 Every requirement identified in the projects was 

documented and it could be tracked at any time during 

software development. Even the rejected requirements are 

documented and able to be previewed at any time. This 

shows that there are requirements abandoned and the tool 

is able to perform as a repository for the references 

 The RMT-SMP is evaluated using the ISO 9126 

quality model framework and it shows that the features of 

the tool are capable of handling RM in small and medium 

projects. 

 In terms of user satisfaction, it shows that the 

users are satisfied with what the tool has offered them in 

order to complete the RM activity. 

 The project was developed in a team with four 

different actors. Although they played different roles, they 

were able to use the tool based on their needs. Thus, it can 

be stated that the tool is able to be used in every phase of 

software development. 

 RM is a part of RE that is not the sole duty of 

requirement engineers. The involvement of developers and 

senior management in the process of managing 

requirements under the leadership of requirement 

engineers has a positive impact on the project. 

 

The result from the quantitative and qualitative data is 

used to compare the RMT-SMP features against the 

elements of RM tool described in Section 2. Table 18 and 

19 below summarize the result. The result below is 

considered valid in this case study only, and it cannot be 

generalized to represent the Malaysian software industry 

as a whole because this case study only involves two 

software development projects.. However, the results 

obtained shown that the RMT-SMP features met the 
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general and specific elements. Thus, it can be concluded 

that, in this case: for the E-filing project, the RMT-SMP is 

suitable for the given Malaysian software project. 

Table 17: The comparison of RMT-SMP features with general elements 

General Elements RMT-SMP 
 

Usability,  simplicity and Customization √ 
Access control √ 

Tailoring and Extensibility √ 
Free  licensing  and full version 

availability √ 

Database centric √ 
Table legend: √-FULLY SUPPORTED, X–NOT SUPPORTED, P-

PARTIALY SUPPORTED, ?-NOT KNOWN 

Table 18: The comparison of RMT-SMP features with specific elements 
Specific Elements RMT-SMP 

Requirements identification √ 
Requirements classifying and viewing √ 

Requirements base-lining √ 
Change Control √ 
Version Control √ 
Status Tracking √ 

Requirement Tracing √ 
Use Case Specification generation √ 

List of requirements generation √ 
Requirements linking to system 

elements √ 

Authentication procedure √ 
Project definition √ 

Create user √ 

 

Table legend: √-FULLY SUPPORTED, X–NOT 

SUPPORTED, P-PARTIALY SUPPORTED, ?-NOT 

KNOWN 

The case study presented in this chapter is an example that 

indicates the benefits and help that the RMT-SMP can 

provide for the small project: E-filling, and the medium 

project: HRMS. However, the result from this case study 

cannot be used as formal evidence that the RMT-SMP will 

always provide the best solution for managing 

requirements and/or the success of software project 

development. Thus, the following factors that reduce the 

validity of the case study have been recognized: 

 Management commitment 

The management of the two projects had different 

levels of commitment to the RM process. 

Management of the E-filling and HRMS projects 

gave support for using RM practices during 

software development. However, this is not 

considered as a major effect on the good result in 

this case study. 

 Learning effects and training 

Learning effect plays a role because both of the 

projects are in the same domain application. 

However, since the PMMS and ODMS projects 

were previous projects and not conducted at the 

same time as the E-filling and HRMS projects, so 

there could be any difference in learning effects 

in implementing PMMS and ODMS. Thus, 

learning effect should not be considered as major 

reason that lead to the success in this case study. 

 Other factors 

The factors related to the personal attitudes and 

experiences of the software development team 

have influenced the answers to the questionnaire. 

However, this is only a minor effect toward the 

success of this case study. 

 

On the other hand, based on this case study, it is likely to 

state that: 

 The RMT-SMP is suitable for the given 

Malaysian small and medium software projects 

when the software project could be delivered on 

time, within the budget and met the quality 

expectations. 

 The RE practitioners themselves indicate that the 

RMT-SMP had a positive influence on the RM 

practices. 

 The RE practitioners themselves acknowledge 

that the RMT-SMP had a positive influence on 

encouraging them to practice the best RM activity. 

 The RMT-SMP is capable of handling RM from 

the perspective of the ISO9126 quality model. 

 

Moreover, the result from this case study supports the 

fundamental assumption made by the RE community that 

getting high-quality requirements, as well as documenting 

early on will reduce rework and overall cost development. 

6. Conclusion  

This paper describes a case study of implementing RMT-

SMP in the Malaysian software companies from the 

quantitative analysis perspective. In addition, the 

qualitative analysis is also conducted in order to show the 

feasibility of RMT-SMP for the small and medium 

projects in the Malaysian software industry.  

The result of this case study has shown the success of 

applying the RMT-SMP during software project 

development for small and medium projects. Therefore, it 

can be concluded that the hypothesis defined in the section 

3 is true and confirms that: 

Using the best practices of requirements management that 

is applied into RMT-SMP tool rather than using ad-hoc 

requirements management practices has a positive impact 

on encouraging the RE practitioners to have a better 

approach for managing requirements in developing the 

small and medium software projects. 

As a conclusion, the objective of this case study which is 

to investigate how the requirements management tool 

could offer a better way of managing requirements for 
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small and medium projects is achieved and relevant to the 

Malaysian software industry. 
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