
 
 

 

  Abstract—Determining the right requirements to 
develop a system is crucial as it involved variety of people 
and it affects the quality of the end product. Different 
stakeholders have different requirements which they 
may express in different ways. Naturally, they will 
express requirements in their own terms and with 
implicit knowledge of their own work. Generally, 
stakeholders are not sure of what they want from the 
computer system except in the most general terms. 
Hence, conflicts are inevitable. Negotiation is applied to 
resolve the conflicts and becoming popular nowadays to 
better improve requirements engineering process. 
Therefore, this paper is empirically confirming the 
effectiveness of negotiation effort in order to improve the 
level of agreement among all the stakeholders. Agreed 
requirements are believed to represent all the 
stakeholders’ perspectives and perceptions and to obtain 
a set of unambiguous, correct, complete, consistent and 
achievable requirements.  
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I. INTRODUCTION 
  Identifying requirements is accepted as one of the most 
crucial processes in developing system as it addresses the 
critical problem of developing the right system for the 
customer. Requirements are the basis for every project, 
defining what the stakeholders need from it and also what the 
system must do in order to satisfy that need. Agreed 
requirements provide the basis for planning the system 
development and accepting it on completion. Therefore the 
requirements are the basis to define the time and resources 
needed for the entire project. Due to the various stakeholders’ 
concerns, responsibilities, and priorities, negotiation is 
introduced to play a vital role to handle conflicted 
requirements and to resolve disagreement between 
stakeholders. 
 It is seldom technical problems which inhibit productivity 
and quality [1, 2].  Instead the vast majority of requirements 
problems are related to human interactions, process and 
communications. In 1987, Brooks [3] stated that the 
requirements engineering (henceforth RE) phase was one of 
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the most important but difficult phases of software 
engineering. This is supported by empirical evidence [4-6] 
that proved an inadequately performed requirements 
engineering process is associated with software system 
failure. The failure is basically from developing systems that 
do not meet the customer’s needs and expectations. 
Therefore, in the short run for the development organization 
this weakness means time consuming activities such as error 
correction, performance enhancements and adding 
functionalities. In the long run it means a damaged 
reputation, lost orders and reduced profits.  
 Furthermore, problems in RE lead to insufficiency in 
requirements specification and are among the main 
contributors to software system failure. Alford [7] stated that 
for nearly every software project which fails to meet 
performance and cost goals, requirements inadequacies play 
a major and expensive role in project failure. As Mead [8] 
reported in her article, it is shown by several authoritative 
studies that RE defects cost 10 to 200 times as much to 
correct once incorporated in design implementation than if 
they were detected during requirements development. 
Meanwhile, reworking requirements defects on most 
software development projects costs 40 to 50 percent of total 
project effort, and the percentage of defects originating 
during RE is estimated at more than 50 percent [8].  Thus, the 
need for good requirements engineering, and the 
consequences of a lack of it, are apparent in software 
systems. Dorfman [9] determined that benefits of good 
requirements include agreement among all the stakeholders 
on the job to be done and the acceptance criteria for the 
delivered system, a sound basis for resources estimation, 
improved system qualities and the achievement of goals with 
minimum resources. 

This paper is organized as follows. Following the 
introduction, section two is discussing the aims for the 
experiment done and the assumption used throughout the 
experiment. Next, section three is about the experiment 
background, the device and the procedure. Also, discussed 
here is the threat to the experiment validity. This is followed 
by section four which provides the results and the analysis for 
the experiments. The last section is the conclusion. 

 

II. AIMS AND ASSUMPTION 

A. Aims 
 As the importance of negotiation is undeniable, the 

 research is looking at the significance amount of 
 negotiation effort worth applied to benefit the software 
 project. In this research, optimal negotiation is a 
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 significance amount of negotiation exercised to minimize 
 the amount of unhappiness among the stakeholders and to 
 reduce the possibility of spending unnecessary project 
cost.  Also, optimal negotiation represents the optimal set 
of  requirements which means the best results with the 
 best choices of requirements.  
 Based on Taguchi’s theory [10, 11],  an optimal point 

 is moving and  invisible. Hence several role play 
 negotiation experiments are designed to validate if the 
 correlation between negotiation effort and requirements 
 quality, project cost and stakeholders’ satisfaction value 
 is valid. The objective of negotiation is simple; to 
achieve  a  consensus among the stakeholders. Thus, the 
ideal result  out of a negotiation process is a total 
agreement. However,  it is anticipated that not all 
negotiation processes do  achieve ideal result due to many 
factors influence the degree of agreement achieved. 
Therefore, the first experiment is design to confirm the 
existence of improvement in the level of  agreement if 
the consensus is not achieved. Also, second  experiment 
is conducted to measure if  the  requirements  obtained 
based on the consensus are the best  choices of 
 requirements. At this point, an experiment  to identify 
the  optimal negotiation effort is not implemented yet and 
 therefore will be  not reported here. 
  

B. Assumption 
 At this point, assumption for the research is significant 

to the experiments. The qualitative factors which are 
believed to influence the negotiation  results are  not 
 applied in the experiments. Therefore, all the 
 stakeholders involved in the experiment are assumed  to 
have the same  cultural background and the same level of 
knowledge, maturity and experience. To support this, 
efforts have  been put  to educate the stakeholders through 
 formal  lectures, handouts and guided briefing in 
 advance. Also,  explanation and examples were given 
equally to all of them. 
 

III. THE EXPERIMENT 

A. Background 
  It is a role play experiment in which the stakeholders 
need to negotiate among themselves in order to identify the 
right requirements to be developed. A system which is 
familiar to the subject who plays the role of the 
stakeholders is important. It will reduce the pressure on 
understanding the system environment, the functionalities 
and the constraints. Thus, the system to be used in the 
experiment is Unit Registration System for students at The 
University of Western Australia. That is a system to enable 
students to register their choice of courses units. The 
stakeholders for the system are the representative of 
students, lecturers, administration staff and the university 
finance department.  The first experiment is designed to 
measure the level of agreement among the stakeholders 
while the second experiment has additional features to 
allow assessment on the requirements quality to be 
compared with the goal standard.  
 

B. The Device 
 The device for the experiment is a case study named 

Unit Registration System, a list of fifteen requirements 
elicited from the case study and groups of computer science 
students. The students are third year, fourth year and master 
computer science students with software engineering 
knowledge background. Particularly, they are equipped 
with the negotiation theory and concept through formal 
lecture before the exercise. Besides, some of them have 
working experience in software development.  
 

C. The Procedure 
 In order to ensure the existence of negotiation, a project 

constraint is inserted into the exercise. As an assumption, 
each group has 40 points which represents $40,000 and 40 
days. The total effort needed to fulfil all the requirements 
are 56 points. Therefore, the students’ groups have to drop 
some of the requirements and identify the most desired 
requirements worth 40 points. Furthermore, requirements 
difficulty level is introduced here to show that in real 
situation, different amount of effort is needed for different 
requirements. Complicated requirements need more effort 
compared to a simple one. All the fifteen requirements are 
tagged as difficult, moderate and easy. Easy requirements 
need 2 points, moderate requirements need 4 points and 
difficult requirements need 6 points.  

Both experiments were done in the classroom setting and 
the entire experiments took approximately an hour. Note 
that 30 minutes is allocated for negotiation for the first 
experiment while the second experiment is designed to 
allow maximum negotiation until consensus is achieved. 
The time allocation includes the instruction session, 
pre-negotiation and post-mortem session. The 
pre-negotiation is for assessing individual preferences for 
each requirement and this process will automatically 
identify the conflicts. The conflicts are detected based on 
the value of each requirement assigned by different 
stakeholders individually. It is a conflict whenever the 
values differ from each other. The preference value is based 
on the scale 0 to 4 as indicated in Table I.  

 
Table I: Scale References 

 
Scale Meaning 

4 Must have this 
3 Should have this if at all possible 
2 Could have this if it does not effect anything else 
1 Won’t have this time but would like in the future 
0 Will not have this 

 
 

 This effort is meant to capture the individual preference 
from each point of view. The difference in values indicated 
by different stakeholders shows the existence of 
requirements conflict in terms of stakeholders’ preferences. 
The conflict is the basis of requirements resolution as only 
conflicted requirements are negotiated to achieve an 
agreement.  The negotiation activity promotes group 
decision by consensus and achieves mutual understanding 
among the group members on the same requirements. There 
is no negotiation method enforced in the exercise and it is 
totally up to the creativity of each group to achieve an 
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agreement. However, suggestions and examples of ways to 
achieve group decision are given in advance. During the 
negotiation process and once agreement is achieved on a 
specific requirement, the students need to record the agreed 
value worth the said requirement in the preference value 
sheet. This will indicate the status of the requirements 
either selected to be in the list or dropped. Also, it portrays 
the importance of the requirements through prioritization. 
Applicable only in the second experiment, the requirements 
dependencies diagram is given to be considered during the 
negotiation session. The second experiment is designed to 
include the dependencies handling and expected to obtain a 
better result. 

 When the experiment is done, the post-mortem is 
executed to gather feedback from the students in order to 
know how far the exercise meets the objectives.  The 
feedback is in a form of statements to be scaled by the 
students and two short questions. This feedback will assist 
with assessing the reliability of the data retrieved from the 
exercise.   
 

D. Threats to the Experiment Validity 
Whenever students are used as the subject for an 

experiment, a typical question will be asked if the 
experiment results are valid or not if compared to the real 
environment. Students are one of the most accessible 
sources of small scale project data. It has been shown that 
data gathered from students is generally applicable to the 
software industry. Host [12] observed no significant 
differences between students and professionals for small 
tasks of judgment. According to Tichy [13], using students 
as subjects is acceptable  if students are appropriately 
trained and the data is used to establish a trend.  These 
requirements are both fulfilled in this case.  

A role play experiment always come with dilemma if the 
subject is really playing a role or incorporates their personal 
judgment. To minimize that possibility, prior to the 
experiment, the subjects were assigned to groups with the 
role to play, the study case, the candidate requirements and 
ample time to explore ways of negotiating. Observation 
done by the researcher and her supervisor throughout the 
experiment discovered that all of the subjects were 
seriously playing the role given to them.  This is due to the 
peer assessment for the unit of the tutorial session where the 
experiment is done.  

 

IV. RESULTS AND DISCUSSION 

A. Observation Findings 
Both experiment runs smoothly with three groups 

achieved consensus before the 30 minutes allocated for 
negotiation is ended in the first experiment. In the second 
experiment, all groups which are A, B, C, D and Q achieve 
consensus in 43, 39, 34, 24, and 21 minutes respectively.   

It was observed that most of the time was spent 
explaining to other stakeholders the reason why one choose 
the preference value for each requirement. This effort helps 
elaborating tacit knowledge and therefore helps to 
understand the role of the requirements functionality 
clearly. It also reveal the benefit of the requirement to the 
system generally and the importance of it to the specific 

stakeholders.  There was ‘give and take’ approach during 
the session which makes some of them agree to drop their 
preferred requirements if they will gain others. Besides, 
some of them were struggling to urge other team members 
to agree with their preference value. In several situations, 
the groups manage to find a middle ground for everybody’s 
satisfaction. Particularly in the second experiment, there 
was effort to carefully trace the requirements relationship 
and prioritize the requirements through reasoning among 
them. In summary, even though there was no negotiation 
technique introduced in the experiment, but through the 
experiment design, the negotiations exist and not simply 
free conversation among team members during the 
experiments.  

 

B. Analytical Results  
The data is analysed by intraclass correlation coefficient 

(ICC) with the scale of -1 to 1. Value -1 indicate the total 
disagreement while value 1 indicate the total agreement 
among all the stakeholders. The ICC is a measure of 
reliability that is a ratio of variances derived from repeated 
measures analysis of variance (ANOVA). This 
measurement is used for reliability study and the most 
popular method in medical research to measure the level of 
experts’ agreement. Therefore, ICC is suitable to be 
adopted to measure the level of agreement among the 
stakeholders in this research. In addition, the variance is 
used to show the agreement level for individual 
requirement before and after the negotiation.  

The objective of the first experiment is to measure the 
level of disagreement or the level of agreement among the 
stakeholders before and after the negotiation process. As 
for the entire set of requirements, Fig. 1 shows the result of 
the agreement level based on the data retrieved from the 
first experiment. Initially, the ICC values are very low for 
all the groups with the lowest ICC score; -0.11. However, 
the level of agreement improved substantially towards 
achieving total agreement after the negotiation process. In 
addition, three groups achieved total agreement. Even 
though not all the groups achieved ideal result, the graph 
shows huge improvement with two groups need less than 
0.1 to achieve it. Therefore, the result shows that the 
negotiation is effective to improve the level of agreement 
among the stakeholders during requirements engineering 
process. Through the second experiment, the result shows 
that more time spend on negotiation will contribute to the 
amount of agreement achieved in the process. Since there is 
no time limit for the second experiment, all the groups 
achieved total agreement. Fig. 2 shows the result of the 
agreement level based on the data retrieved from the second 
experiment. As the result show the effectiveness of 
negotiation to achieve group agreement, the next question 
is does the agreed requirements are the best requirements? 
This will be answered by comparing the agreed 
requirements retrieved from the experiments with the goal 
standard. Also, the result shows a linear relationship 
between times spend negotiating and ICC value. The 
question is how much effort is cost effective to the software 
project?  This question will be answered in the next 
experiment which is at this point is not done yet. However, 
the result from these experiments is likely to be an input to 
the future experiment.    
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Fig 1: The Level of Agreement and Disagreement among the 
Stakeholders in Experiment 1 
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Fig 2: The Level of Agreement and Disagreement among the 

Stakeholders in Experiment 2 
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Fig 3: Number of Requirements Dropped and Affected in 

Experiment 1 
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Fig 4: Number of Requirements Dropped and Affected in 

Experiment 2 

In the experiment conducted, in most cases, requirements 
dropped affected other requirements which are depending 
on them. In the first experiment, only two groups manage to 
drop their requirements without affecting other 
requirements which means the remaining requirements will 
be able to function appropriately and meaningfully. In most 
cases, the number of requirements dropped is more than the 
number of requirements affected. However there is an odd 
condition in Group 6 where the result is the other way 
round. This is due to their decision to drop important 
requirements which has significant relationship with many 
requirements. This suggests that Group 6 did not have such 
a good understanding of the requirements. Fig. 3 shows the 
number of requirements dropped and affected based on the 
first experiment.  

On the other hand, second experiment is designed to 
handle requirements quality and to show if negotiation with 
the knowledge of dependencies will produce a better result. 
Fig. 4 illustrates the result from the second experiment. It is 
clearly shown that all the requirements dropped during the 
negotiation session do not affect other requirements. 

We believed that there exist a theoretical optimal set of 
requirements and priorities. Thus, this research is looking 
into the requirements quality in terms of dependencies to 
confirm the reliability of the requirements in order to 
represents the best results.  This is important to clearly 
distinguish if the set of requirements are reliable to produce 
at least a feasible piece of software. Therefore, a goal 
standard is developed to identify a set of ideal requirements 
for the Unit Registration System. The goal standard is 
distinguished from the candidate requirements by 
collaborative effort of the researcher and a number of 
experts in the field including academician and practitioners. 
Hence, the goal standard set a benchmark of the best result 
possibly achieved by the stakeholders during the 
experiment. Cohen’s Kappa is used to measure the 
agreement between the goal standard and the set of 
requirements obtained through negotiation in the 
experiment. Cohen's kappa coefficient is a statistical 
measure of inter-rater agreement for qualitative 
(categorical) items with the scale of -1 to 1. It is generally 
thought to be a more robust measure than simple percent 
agreement calculation since kappa takes into account the 
agreement occurring by chance. Fig. 5 shows the agreement 
between the goal standard and the requirements obtained by 
each group based on kappa. 
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Fig 5: The Agreement between the Goal Standard and the 

Requirements Identified by Each Group. 
 

Based on Fig. 5, all groups achieved certain amount of 
agreement which shows the good quality of requirements is 
obtained if the consensus is achieved. However, there are 
other factors influences the degree of agreement such as 
effort and initial ICC value. Based on the observation, time 
spend negotiating shows significance difference.  As stated 
in section IV, group A and group B spend more time 
compared to other three groups and both groups obviously 
obtained better set of requirements.  
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Fig 6:  Correlation between Kappa and Negotiation Effort 

Fig. 6 shows linear relationship between effort spend 
negotiating and agreement with the goal standard by kappa. 
The graph in Fig. 6 is calculated by using Pearson r which 
reflects the degree of linear relationship between two 
variables. It ranges from -1 to 1. A correlation of +1 means 
there is a perfect positive linear relationship between 
variables. 
 

C. Discussion 
Note that the result from this experiment doesn’t show if 

the stakeholders are good negotiator or not. There are many 
other factors which influence the success of negotiation. 
For instance, agreement level will be influenced by time 
devoted to negotiate, number of stakeholders, 
single-culture or multi-culture background, amateur or 

experienced negotiator and knowledge on the subject 
discussed. However, the improvement in agreement level 
will make a significant difference on the project outcome as 
it represents all the stakeholders’ perspective and 
perceptions, surfacing tacit knowledge, underlies a sound 
basis for resource estimation, improved system quality and 
minimize the resources involved [2, 9, 14-21].  

This is proven through feedback from the students 
involved in both experiments conducted in the post-mortem 
session. Fig. 7 shows the feedback in a scale of strongly 
agree, fairly agree, agree, disagree and strongly disagree. 
There are five items to be scaled and they represent the 
benefit of negotiations applied. The items are increase the 
feeling of happiness and belonging to the group (ideas 
acknowledged to allow dynamic cooperation), understand 
project constraints and adapt to change, fostering team 
learning and reveal shared interest, dealing with uncertainty 
and finding solution and promote rapport and positive 
relationship. The graph shows majority of the students 
voted agree to all the items mentioned with a number of 
them voted fairly agree and strongly agree. Only small 
proportions voted disagree and strongly disagree. Hence, 
according to this feedback, people involved in the 
negotiation process agree that negotiation effort does 
benefit the stakeholders and the organization as a whole. 

 

0

5

10

15

20

25

30

Strongly
agree

Fairly
Agree

Agree Disagree Strongly
disagree

Scale

V
ot

e

Increase the feeling of
happiness and belonging to the
group (ideas acknowledged to
allow dynamic cooperation)
Understand project constraints
and adapt to change

Fostering team learning and
reveal shared interest

Dealing with uncertainty and
finding solution

Promote rapport and positive
relationship

 
Fig 7: Feedback 

 
Also, the feedback portrays the stakeholders’ satisfaction 

value. This is important to ensure commitment from all the 
stakeholders during the initial stage, development stage and 
once the system is fielded. Without the commitment, the set 
of system requirements is doubt to represent all the 
stakeholders’ need and therefore directly impact the quality 
of the end product. Besides, it is afraid that a fully function 
system is neglected to be used. 

V. CONCLUSION 
A set of complete and reliable requirements is vital to the 

software project success. The conflicts which lead to defects 
and the tacit knowledge which is hidden in an individual 
stakeholder may cause error in the requirements. The 
negotiation is agreed to benefit the stakeholders and a good 
negotiation practice will promote rapport and a positive long 
term relationship. The requirements obtained from a 
successful negotiation also have a value of requirements 
quality. 
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 The initiative to improve the RE process will never end as 
this process is evolving from time to time. Negotiation is just 
one attempt of making RE a better process by detecting and 
resolving the conflicts in requirements. This effort will 
reduce the possibility of having defects in the requirements or 
worst; developing unwanted system. 
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