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Abstract-In software development, one frequent reason that 

leads to low quality software is the lack of skill in identifying 

the most important requirements. Unfortunately, many 

software engineering students are unfamiliar with prioritizing 

techniques and they are not skilful to use the techniques in a 

specific situation or circumstance. The purpose of this study is 

to identify effective ways to educate software engineering 

students on requirement prioritization. To enable students to 

have a deeper understanding of requirement prioritization and 

to improve their practical ability, a teaching framework has 

been proposed. The framework's structure is based on three 

main components: first, the guidelines to provide students with 

a basic concept; second, the empirical and completed samples 

to help students familiarise themselves with the process of 

prioritization; and third, the exercises and simulated cases to 

improve the practical skills and abilities of students. Teaching 

framework has been implemented as a web base teaching tool. 

Teaching tool evaluation results show that 86.6% of 

respondents believe that the proposed teaching framework 

helps them to have better understanding of requirement 

prioritization. 

Keywords: software requirement prioritization, requirement 

prioritization teaching framework. 

I. Introduction 

Everyone makes decisions to select one choice from many, 
at least once in their life. However, it would be very 
increasingly difficult if the number of choices increases. 
Prioritization process can improve decision making. 
However, many factors 
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have to be taken into consideration m the prioritization 
process. 

In software development process not all requirements which 
are elicited can be implemented due to time and budget 
limitations, thus, a decision should be made to select a 
candidate-set, which are proper to be implemented [10]. 
Requirement prioritization is used by developers to solve 
such problem. Software requirement prioritization concept 
is defined by researchers base on their point of view. For 
instance, requirement prioritization is defined as activities 
to recognize the order of importance of requirements 
according to stakeholders. 
Some activities that are supported by requirement 

prioritization are: 
• Deciding which requirements can be considered as the 

main ones for a system. 
• Choosing ordered requirements that should be 

implemented considering their importance for subsequent 
releases. 

• Achieving settlement about the scope of a project, 
considering the limitations that exist. Some of these limits 
are schedule, budget, time, and quality. 

• Providing equilibrium of the cost and benefit of a specific 
requirement to be accepted as possible requirement to be 
implemented. 

• Reducing the impact of one requirement on the 
architecture of the software and further releases, as well as 
the cost of the project. 
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• Developing software with mlTIlmUm implemented 
requirements and maximum customer satisfaction. 

• Finding factors which will satisfy the customer. 

The usefulness of requirement prioritization, as mentioned 
by [8], is to prevent the blemishes of requirements, such as 
misunderstanding requirements and unclear requirements. 
Moreover [1] indicates that to prevent software failure and 
loss, an optimal set of requirements should be selected early, 
and this can be achieved through using prioritization 
techniques. 
Prioritization techniques are categorised according to 

various measurements of scale and type. Three main 
categories of prioritization techniques are ordinal scale, ratio 
scale, and nominal scale. These techniques can prioritize 
requirements by considering any aspect of prioritization. 
From the prioritization techniques, some have benefits and 

some have problems and complexities. Choosing a specific 
technique to prioritize requirements depends highly on the 
project. It is advisable to choose the simplest prioritization 
method and if conflict exists between stakeholders and the 
making of precious decisions is required for more 
complicated projects, then a more sophisticated method will 
be used. 
In many cases, a variety of prioritization methods makes it 
hard for software developers to decide which prioritization 
technique is suitable to be used in specific circumstances [9]. 
Moreover, software students are not familiar with process of 
applying a prioritization technique in a specific context. 
Considering all matters to do with prioritization, indicates 
that applying techniques requires sufficient experience to 
meet the purpose of prioritization [10]. In conclusion, it can 
be said that there is a lack of experience in applying 
requirement prioritization. Therefore, software students 
should be well trained. This can be summarised as follows: 
• There is a lack of software students well-trained in 

requirement prioritization. 
• There is a lack of effective ways to teach software 

students the concept of requirement prioritization. 

This paper intends to propose a framework for teaching 
requirement prioritization, the framework is developed as a 
web based teaching tool. This web based teaching tool will 
assist software students in getting familiar with requirement 
prioritization. The rest of this paper is structured as follow: 
section II reviews of literature. Section III describes the 
proposed teaching frameworks and its layers. Evaluation of 
the implemented teaching framework is discussed in section 
IV. Finally suggestion for future work presented in section 
V. 

II. Review of literature 

In this section first we attempt to study the concepts of 
requirement prioritization for developing a teaching tool 
with proper features. Then learning theories are reviewed to 
base the research on; at last we review some of the related 
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teaching frameworks. This will help to design a teaching 
framework for requirement prioritization. 

A. Requirement prioritization and its methods 
Each project has limitations such as time constraints, budget, 

developers' skill, etc. and because of this, not all candidate 
requirements can be implemented. Therefore, stakeholders 
should decide which requirement is proper to be 
implemented. Requirement prioritization is useful ITI 

selecting a set of possible requirements [7]. Hence to 
prevent software failure and loss, an optimal set of 
requirements should be selected early, and this can achieved 
through using prioritization, prioritization analyzes 
requirements from different points of view, in order to 
compare and pick requirements at an early phase. Thus, it 
helps to discover problems, such as misjudged or unclear 
requirements [1]. 

Prioritization can be performed base on many aspects which 
are important for stakeholders, some can be named as: 
importance, time, risk, penalty, and cost. Considering one 
aspect to prioritize requirements is easy, but when the 
number of aspects increases, making a decision becomes 
extremely hard [1]. 

Techniques are used to prioritize requirements by 
considering any aspect of prioritization. Prioritization 
techniques are categorised according to various 
measurements of scale and type. Three main categories of 
prioritization techniques are ordinal scale, ratio scale, and 
nominal scale. Methods that are categorised as nominal 
scale techniques provide groups of priority in which each 
requirement belongs accordingly to one of them. In ordinal 
scale techniques, each requirement has its own place in an 
ordered set of requirements. Using these techniques helps to 
recognize which requirement is more important to be 
compared to others. In ratio scale techniques, each 
requirement has its own place in an ordered set of 
requirements. Using these techniques helps to recognize 
which requirement is more important to be compared to 
others. Additionally, ratio scale methods show the relative 
importance of requirements. To reduces the difficulty of 
prioritization process and makes it more efficient techniques 
can be combined. Choosing techniques to be combined 
depends highly on projects and circumstances. It is 
advisable to choose the simplest prioritization method and if 
conflict exists between stakeholders and the making of 
precious decisions is required for more complicated projects, 
then a more sophisticated method will be used. Simple 
requirement prioritization methods ensure the cost 
effectiveness of projects, as well as helping the prioritization 
process to be done faster [1]. 

In previous sections, concept and techniques of prioritization 
were presented. an extensive literature review on learning 
and teaching process is performed in following sections To 
explore, how efficiency and quality of training process could 
be increased,. 
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B. Learning theories 
This section describes some of the learning modules. Each 

module addresses a specific learning theory and helpful 
ways to apply these theories in the development of online 
systems. 

1. Constructive theory 
Constructive theory is based on a learning process, where 

learners can gain ideas and new concepts according to their 
past knowledge. Constrictive theory uses a cognitive 
structure to stimulate learners to go further in the proposed 
information. In constrictive theory, principles should be 
discovered by the student themselves. The teaching process 
in this theory translates information into such a format that 
is understandable by learners. The learning process is 
repeated so that the student can base the new concept on 
what they have already learned. Aspects and points should 
be considered in using this theory, as mentioned by [2], are 
shown below: 

• Inclination towards learning. 
• Structuring the main knowledge so that it can be 

easier to grip by the learner. 
• The sequence of presented material should be 

effective. 
• Methods used in structuring knowledge should help 

in generating new recommendations, simplifying 
the learning process, as well as increasing 

information manipulation. 

Some principles should be applied in using constructive 
theory for instruction and learning. These principles are 
presented below [2]: 

• Experiences and contexts, which make the student 
able to learn, should be included in the teaching 
process (readiness). 

• The teaching process should be structured in such a 
way that it enables the student to grip the concept 
easily (spiral organization). 

• The teaching process should be designed to help fill 
the gaps (going beyond the information given). 

2. Minimalist Theory 
Reference [4] introduced a framework for designing 

teaching processes, where its focus is on the teaching and 
training of computer users. Some of the points that are 
advised to be considered in the minimalist theory are 
addressed here: 

• Each learning process must be meaningful and 
independent. 

• The advantages of learnedness, prior knowledge, 
and experiences, should be used in learning 
activities. 

• In the early phase of the teaching process, real 
projects should be given to learners. 
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• The teaching process should support self
improvement and self-reasoning through an 
increasing number of learning activities. 

• Error detection should be used for teaching 
activities. 

• As computer users always learn new subjects 
through a background of their goals and 
experiences, a close linkage between training 
systems and actual systems, is required. 

The minimalist learning theory bases its instruction on 
learners' experience. Reference [3] states that "Adult 
learners are not blank slates; they don't have funnels in their 
heads; they have little patience for being treated as 'don't 
know' ... New users are always learning computer methods 
in the context of specific pre-existing goals and 
expectations." The main idea in the minimalist theory, 
mentions that teaching materials should be minimized and 
designers should base their system on activities that support 
learner-directed activity and accomplishment. 

In using the minimalist learning theory, some of the notes 
that should be taken into consideration, are addressed below: 

• Learners should be able to start with meaningful 
activities immediately. 

• The amount of rending instructions should be 
minimized and learners should be able to fill the 
gaps by themselves. 

• In the teaching process, error detection should be 
included. 

• The learning activities should be independent of the 
sequence of these activities. 

In review of literature section, some of the existing 
researches, related to software requirement prioritization and 
its techniques, are reviewed. None of the previous studies 
address the difficulty of teaching and learning software 
requirement prioritization and there appears to be no effort 
to solve this problem. First section of literature review 
attempts to study the concepts of requirement prioritization 
for developing a teaching tool with proper features. The 
second section reviews learning theories to base the research 
on. 

C. Related works on teaching framework 
Following section review some of the related teaching 

frameworks. This will help to design a teaching framework 
for requirement prioritization 

I. Teachings framework for Enterprise Resource 
Planning course 

One of the core courses in software engineering is ERP 
(Enterprise Resource Planning). To help students learn the 
ERP course, an ERP teaching framework is designed. The 
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framework is presented in three layers; the first layer is 
experiments in the lab, the second is extracurricular 
activities, and the last, is internship in a certain software 
company. Each of the mentioned layers consists of other 
activities [5]. 
Experiments in the lab, is the first layer of the framework, 

which includes business scenario simulation, business 
process, and role collaboration components. To teach 
students the business process, they are asked to finish 
several specific process experiments in the business process 
lab [5]. 
Layer two of the ERP framework focuses on extracurricular 
activities. When students have grasped the concept of ERP 
through the first layer, it is time to increase their skills. A 
league of three groups is used to increase student skills 
under teacher supervision. Students can attend each group 
by considering their interests and characteristics [5]. 
The third layer in this framework is named 'internship in a 

real software company' . Students of the ERP course have 
been taught in the classroom but the experience that they 
have gained is insufficient. This layer tries to increase 
students' experience arranging for them to practice in a real 
enterprise [5]. 

� I Obj .. t I Pal·tid"atOl c::J 
-

� 
r--- r--- System development To solve Shldents 

inielmhip company real 
Engineers 

System testing 

problem System implementation 

'---- '---- '--- Customer service 

r--- .--- r--- r--- Business game discussion Extra· Campus bllprove. Students 

clon-icular league ment of reachers System development training 

activities ERP Skill Engineers Case design 
L-- '---- '--- '---

.---

[] 
r--- r--- Business scenario simulation Expen. Training Shldents 

ments ill 
ofERP Business process reachers the lab 
business Role> collaboration 

'----- '--- '-----

Figure 1: Practical teaching framework of the ERP course [5] 

2. Teaching framework for essential topics in 
E I ectromagn eti c 

For teaching EM (Electromagnetic), a large number of 
principles and concepts should be presented to students. 
Some challenges have been identified in teaching this 
subject. To overcome these issues and obstacles, a teaching 
framework is proposed by [6]. 
Some questions about teaching the EM course and some 
designed components to address them are shown here [6]. 

• What is the history of the subject and its turning 
points? To answer this question, a Historical 
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perspective component has been inserted into the 
framework. 

• What is the benefit of this topic to science and 
engineers? To answer this question, a Motivation 
for current study component has been designed into 
the framework. 

• Which tools can be used to formulate and find out 
problems with this topic? To answer this question, 
a Theoretical fundamentals and mathematical 

formulation component has been put into the 
framework. 

• Which examples can be used to present the 
mentioned fundamentals and formulations shown 
in the previous components? To answer this 
question, a Pedagogical example component has 
been inserted into the framework. 

• How can these presented questions be illustrated 
through a software system? To answer this question, 
a CAD tool-based simulation of modem application 
example component has been put into this 
framework. 

• Does this topic help students in other subject or 
does having good knowledge about this subject 
help engineers to have better opportunities for 
employment? To answer this question, a possible 
relevance to future courses and employment 
component has been designed into this framework. 

Reference [6] believes that the proposed framework helps 
teachers to overcome the problems in teaching an EM 

course. Proposed teaching framework is shown below. 

Figure2: Conceptual sketch of the framework illustrated as a 

concept map [6] 

In previous sections two frameworks are studied. Both 
try to address and solve problems encountered with teaching 
their specific courses. In ERP teaching framework, process 
of teaching accomplished through three phases with 
different participants. Each layer tries to achieve its 
respective goal in specific space such as lab, campus league 
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and software company. The EM framework tries to elicit 
required components through answering some questions 
related to teaching process of EM course. In this paper we 
based the design of our framework on learning theories 
which reviewed in previous sections. 

III. Teaching framework for requirement prioritization 
The researcher's experience in requirement selection 

shows that choosing the wrong requirement, during the 
software development process, will cause failure of the 
software, which imposes costs on companies. Therefore 
companies must insist on having well-trained requirement 
engineers, who are responsible for requirement selection. 

To assist students in having a deeper understanding of 
requirement prioritization, and to improve student' s 
practical ability, this research carries out. The framework is 
designed in such way that provides a balance between the 
breadth and depth of skill in requirement prioritization. This 
framework design is based on a combination of constructive 
and structural teaching approaches. Proposed framework has 
three interactive layers and within these layers, several 
subtasks are identified. 

One of the key goals of the requirement prioritization 
teaching framework is to provide students with a balance of 
knowledge and experience. To facilitate this, we have 
developed a three layered framework that represents the 
three steps of the teaching schedule. The first step is to 
provide students with basic knowledge and techniques of the 
prioritization process; the next step is to offer some samples 
of prioritization, in order to make student familiar with the 
process; and the final step is for students to take part in real 
requirement prioritization processes, to enable them to gain 
some experience in real world situations. These layers will 
be clarified in the coming sections. The researcher believes 
that a requirement prioritization teaching framework, to 
guide master students, will be helpful in decreasing 
problems in requirement selection. To evaluate this 
framework, it has been developed as a web based tool and 
applied in a real teaching environment and has obtained 
feedback using questionnaires. 
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Figure3: Requirement prioritization teaching framework 

A. Framework layers 
The structure and layers of the requirement priontIzation 
teaching framework are introduced in this section. 

Layerl: 

Layer one consists of 4 components. This layer provides all 
teaching guidelines on the requirement selection and 
prioritization process. To cover all information on 
prioritization, the researcher has decided to put four 
components in this layer. 

The first component is the Definition of Requirement 
Prioritization. We decided to elaborate the prioritization' s 
importance, by presenting an obvious defmition and 
information about its process. This helps students to obtain a 
wide vision of requirement prioritization. 

The second component is called Using Requirement 
Prioritization. This component intends to address the points 
which should be considered in applying prioritization. Some 
sub-tasks that are included in this component are: 
considering the abstraction level in prioritization, how to 
reprioritize, evaluating prioritization, etc. 

The third component included in this layer represents the 
techniques of prioritization. Prioritization has many 
techniques which used in a specific context. Each technique 
has specific steps to perform requirement prioritization. This 
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component intends to improve student' s general knowledge 
of the techniques of prioritization. 

The last component represents the evaluation of the 
proposed techniques for prioritization. 

Layer 2: 

It is a well-accepted fact that theoretical lessons alone 
cannot help in the teaching of students. Giving examples can 
significantly increase the student' s understanding. In this 
layer, one component is designed, in order to provide 
examples of prioritization. 

Layer 3: 

Software engineering students should use their knowledge in 
real situations to gain experience and feel the difficulty of 
the prioritization process. To achieve this goal, we have 
decided to design a third layer, which tries to give students 
exercises that simulate real world situations. 

The first component in this layer was designed to teach how 
to choose an appropriate prioritization technique, by 
considering the context and constraints. 

The second component was named Exercise on the 
Requirement Prioritization Process. This component 
provides a simulation of the prioritization process. During 
this phase, students go through a case study and prioritize 
several candidate requirements, by considering the 
constraints of the project mentioned in the case study. This 
component helps students to gain experience of applying 
prioritization on a real world situation. 

IV. Evaluation of implemented teaching framework 

Did the presented prioritization techniques in the 
implemented teaching framework help you to 
undentand the prioritization process better? 

Respondents 
percentage 

60% 

50% 

40% 

30% 

20% 

10% 

0% ¥---==-,-==-,----==-,---==-,--==---{' 
Strongly Disagree Not sure Agree Strongly 
Disagree Agree 

FigureS: Students response for question 2 

60% of respondents are agreed and 33.33% of them are 
strongly agreed that requirement prioritization techniques in 
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Fifteen master students were asked to evaluate the 
implemented teaching framework. The online teaching tool 
was presented to them and they were asked to use it for three 
times in different days and each time they use it for two 
hours and then answer a set of questions about it. 
Respondents are expected to assign a score ranging from 1 
to 5 for each question, 1 being strongly disagree and 5 being 
strongly agree .Their responses to the two questions of the 
questionnaire are presented in two different charts below. 

Did the implemented teaching framework's structure 
help you to understand the underlying theory of 

prioritization? 

60% 

50% 

40% 

Relpond.nu 
30% 

percentag' 

20% 

10% 

0% 

Strongly Disagree Not sure Agree Strongly 

Disagree Agree 

Figure4: Students response for question I 

53.33% of respondents agree and 33.33% strongly agree that 
the online teaching tool structure, which was developed 
based on the teaching framework, helps them to understand 
the underlying theory of prioritization. High score of 4.2 out 
of 5 for this Question shows that the goal of proposed 
teaching framework is met. 

proposed online teaching tool help them to understand the 
prioritization process better. 

V. Future work 

This research can be enhanced in many ways. For future 
work, it can be categorized into two areas; Firstly, the 
improvement of the system for better scope and performance, 
Secondly, the improvement and enhancement of the 
designed framework. Within these two main areas, some 
sub-areas are defined as follows: 

A. System improvement 

• Detecting and fixing developed framework' s design 
problems. 

• Collaborative features, such as chatting, can be added to 
the system to improve the process of learning. 

• Simulated cases/exercises in developed framework can 
be enhanced. 
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• 

• 

• 

B. Framework improvement 

Collaborative learning process can be added to the 
framework to improve it. 

Other learning theories can be used to enhance the 
present framework and improve the learning process. 

Some components can be added to the framework' s 
layers to improve the learning process. 
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