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ABSTRACT 
 

Usability has become an important aspect of software applications and it is gaining importance increasingly. A 

number of approaches have been presented to develop usable applications. However, their main focus is on 

usability tasks and not on software engineering principles, resulting in failure to adopt them. Moreover, usability 

evaluation which is very critical for developing user-friendly applications is also neglected by usability models. 

This paper proposes a complete software development process that aims to achieve higher standards of usability. 

It focuses on constant usability evaluation and eliminates usability issues early in the development process. The 

proposed process is close to general software development practices which helps include usability aspects in 

software applications in a seamless way. We have evaluated the effectiveness of our approach through different 

case studies, and the results show that it helped in handling most of the usability issues and requirement changes, 

in early design phase. Moreover, the projects which followed our approach attained better levels of usability and 

user satisfaction. 

KEY WORDS: Usability, Software Development Process, Usability Evaluation, User-centered Design 

 

1. INTRODUCTION 

 

The concept of usability in software applications is not new and has its roots back in 1980's. The field got 

maturity in 1990's and in the last two decades it has gained adequate significance. Demand for more friendly, 

easy to learn and usable software has increased. 

 However, usability has not been adopted as an essential part by software organizations and engineers. 

The major reason is that software engineers tend to follow defined software development processes that lack 

concepts of usability. The approaches that consider usability as an essential part of software applications have 

their focus on usability activities only and there are not sufficient details for software engineers to adopt them. 

Moreover, these approaches are difficult to understand which adds in the reasons that make it hard to develop 

software applications using them. Additionally, usability evaluation which is considered very important for 

achieving better standards of usability, is also neglected in general development models. 

 The main contribution of this paper is the simplified representation of traditional usability oriented 

development processes and their modification for use by typical software development units. In this paper, we 

present a software development process that integrates usability tasks and evaluation methods in a general 

arrangement of software development activities. Usability tasks included in the process are close to general 

practices of software engineers that makes it an easily adoptable option. In the later sections of this paper, we 

have discussed the details of the proposed method. 

It is aimed that through our proposed approach, development units will be able to handle usability 

issues at early stages of software development. It will be easier for software engineers to adopt our process, than 

adopting other usability oriented approaches. In addition to this, better levels of usability can be achieved by 

using our proposed method as a software development process. 

First, we discuss the concepts of usability and its various definitions. Than we present an account of 

different approaches and methods found in literature, which focus on achieving usability. We also present 

different methods that are used to evaluate usability of software applications. Afterwards, we present our method 

and provide details of its different phases. Evaluation of the approach using different case studies is also 

included in this paper. 
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Usability has been defined by a number of standards and studies [1, 2], which consider it as a software 

quality attribute and specify certain characteristics of it. ISO 9241-11 defines usability as, “The extent to which a 

product can be used by specified users to achieve specified goals with effectiveness, efficiency, and satisfaction 

in a specified context of use [3].” IEEE standard 1061 is related to Software Quality Metrics and defines 

usability as, “Usability is the ease with which a user can learn to operate, prepare inputs for, and interpret outputs 

of a system or component [4].” Jakob Nielsen, a prominent usability expert, defines usability as a quality 

attribute that depends on five components; Learnability, Efficiency, Memorability, Errors and Satisfaction [5]. 

Other components of usability can also be found in literature, which include utility, safety, accessibility and 

some others, and they may vary according to the project. 

 Various process models and approaches for achieving usability can be found in literature. Here we 

present a number of such approaches and processes. A detailed review of existing models for attaining usability 

helped us in presenting a suitable usability development model relevant to the needs of software engineers. The 

basic issue that was found after the survey was that most of the models and approaches are considered as new 

paradigms for developing software applications. However, to help software development units in adopting 

usability activities in the process, it is better to offer a method that is there in operation. Rather than proposing a 

totally new model, presenting usability oriented approach that is closer to general software development process 

is a better idea. 

 

2.1 ISO 13407: Human-centered design processes for interactive systems 

 

ISO 13407 can be considered as a basis for other usability focused development models [6]. It gives a very 

general representation of an iterative approach to be followed for developing systems with a focus on usability. It 

is based on a repetitive process where context of use and requirements are specified first, followed by producing 

and evaluating multiple design solutions, until the requirements are met. ISO 13407 can be used as a baseline 

with other development processes; however, it is not possible to adopt it alone as a complete development 

process. 

 

 
Figure 1: Human-centered design processes for interactive systems (ISO 13407) 

 

2.2 Usability Design Process 

Usability Design Process (UDP) follows the principles of User-Centered Design and has three main phases [7] 

including requirements analysis, growing software with iterative design and deployment. Requirements Analysis 

focuses on elicitation of business goals and documenting them. Users are analyzed on the basis of their skills, 

knowledge and abilities. In growing software phase, the system is designed and grown in three iterative loops as 

mentioned by User-Centered Design i.e. conceptual design, interaction design and detailed design. 

 An important concept that we have borrowed from Usability Design Process is making of Usability 

Design Guide containing UI specification and guidelines for achieving usability. We also advocate UDP's flow 

of activities that supports different levels of designing with a focus on usability.  

It has been admitted that UDP is not a suitable development process [7] as it focuses mainly on 

concepts from usability engineering which are difficult to understand for software engineers. It has been 
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suggested that this process should be framed in a more particular and detailed representation. Our approach 

adopts the basic structure of UDP; however, we have included activities that can be more easily adopted by 

general software development units. 

 

2.3 Usability Evaluation 

Usability Evaluation methods and techniques are used to determine the extent to which a software is usable. 

These methods are usually divided in three main categories; testing, inspection and inquiry [8], as discussed 

below. 

Usability Inspection: In inspection techniques, professionals examine a system and evaluate the extent of its 

usability. The professionals can be trained usability experts, software developers or software quality engineers. 

Cognitive walkthrough and feature inspection are the examples of usability inspection. Heuristics evaluation is 

also an inspection technique where evaluators/experts evaluate a system against a predefined set of 

heuristics/principles. Jakob Nielsen's famous 10 heuristics are widely used for this purpose [10], however, other 

heuristics set should also be studied to choose most appropriate one for the product being developed. In our 

approach we have focused on the issue that the 10 famous heuristics of Jakob Nielsen are not always helpful [9], 

so separate attention should be given to select a suitable set. 

Usability Testing: In these approaches, users use the system (or prototypes) according to defined tasks or 

procedures, and the evaluators assess the data and results from this specific usage. Coaching method and 

question asking protocol are examples of this category. Performance measurement is another way of usability 

testing which provides quantitative data that can be used to assess usability goals. We consider this method 

essential for the assessment of usability goals once the product is in operation. 

Usability Inquiry: In these methods, users are inquired about the usage experience regarding a system to get 

information about usage satisfaction, usability problems and requirements etc. Users may also be involved in 

answering a set of different questions related to usability of the system. For usability inquiry, some standard 

questionnaire sets are there which provide a good indication of user's experience and satisfaction. We have used 

System Usability Scale (SUS) and Single Ease Question (SEQ) for inquiring the users about case studies used in 

evaluation of the proposed methodology. 

 

3. METHODOLOGY 

 

In this section, we propose our representation of a usability oriented software development process. It is based 

on the structure presented by Usability Design Process and involves the concepts listed in User Centered Design. 

The main theme of this representation is integration of usability engineering (UE) and software engineering (SE) 

activities with constant usability evaluation throughout the process. This reduces the chances of usability issues 

in later stages as well as after different levels of the process. Usability evaluation and improvement tasks are 

split over phases of Requirements Analysis, Design, Development, Validation and Deployment. These are 

usually used by general software development houses, thus it is aimed that the representation cab be adopted 

without much difficulties. Instead of using usability related concepts and terms, we have tried to use terms that 

are more easily acceptable by software developers. Moreover, a complete development process cycle is there 

that guides development units throughout the process of development. This section provides details of different 

activities of our proposed representation on the basis of its salient features and characteristics. 

 A general representation of the proposed approach has been shown in Figure 3 and notation used for the 

representation is shown in Figure 2. The process starts with analyzing user's requirements and extracting 

usability requirements. Design, development and validation are merged in the next phase that can be iterated as 

well. The most critical and important stage is the early design phase where most of the usability issues and 

changes in requirements are uncovered. We have used a very simple representation here so that software 

developers and units can easily adopt it. Instead of using purely usability engineering related notions, we use 

'workflow' and 'prototyping' terms that are familiar to all members of software development teams. 

 

3.1 Requirements Analysis Phase 

The first phase deals with user requirements, their tasks and goals on the basis of which user profiles and 

usability goals are determined. These activities are very much related to requirements analysis phase of other 

usability processes, however, we strongly recommend doing a competitive analysis to gain knowledge about 

applications of similar domain and genre. This helps in setting high standards of usability as well as getting 

guidelines for a better design. We support specifying the requirements through use cases as they are from user's 

viewpoint and are better understood by software engineers as well. 

The documented artifacts of this phase include user profiles, usability goals, requirements specification 

and heuristics specification documents. A heuristics specification document should contain specific heuristics to 
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be followed and it should also describe which heuristics should be evaluated in design stage and after 

development. This set of heuristics should be selected according to the domain of software being developed. It 

has been proved through different studies [9] that Jakob Nielsen's famous heuristics set [10] is not always helpful 

in every domain. A number of new sets of usability heuristics have been presented for specific domains like 

healthcare information technology [11], video games [12], augmented reality applications [13] etc. Moreover, 

for creating heuristics set for specific domain or project, a methodology has been presented in [14], which 

suggests defined stages for establishing usability heuristics. So, we recommend that heuristics according to 

specific domain should be selected and analyzed accordingly in evaluation process. 

 

 
Figure 2: Notation used for proposed approach 

 

 
Figure 3: General representation of proposed approach 
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3.2 Design Phase 

The design phase is divided into two sub phases which are UI design and system design, the former of these is 

user focused while system analysts drive the latter which can be executed side by side with UI design if possible. 

Here, we discuss UI design phase only and consider it as most critical in the whole process. This is where most 

of the usability issues are uncovered and fixed at a very early stage. Moreover, this phase helps in dealing with 

changing requirements in an efficient way. Requirements phase can be revisited with the changes in 

requirements during this phase. 

 

3.2.1 UI Design Phase 

Initially, a workflow of the system is designed which represents an overall concept of navigation. It is important 

to specify a workflow at this stage as users have predetermined ways of performing certain tasks. A workflow 

can be created on paper which can be evaluated by users through usability walkthrough or any other evaluation 

technique. Users go through the paper based navigational flow to identify any problems in it, and designers fix 

them accordingly. It should be assured that before moving forwards an overall workflow of events should be 

finalized with the user. 

The next step is to design Prototype 1 (P1) on the basis of user requirements, usability goals and 

defined navigation. The main objective of P1 is to uncover maximum requirements anomalies and new user 

needs. It also helps in uncovering some basic usability problems related to on-screen text, general layout and 

screen components. We recommend using paper mockups for P1 as they take less time and are easy to modify in 

evaluation sessions with the user. For usability evaluation of these prototypes, we recommend using 'Coaching 

Method' where users attempt to perform tasks by using the mockups and ask questions from UI designers or 

usability coaches. Usability experts or UI designers analyze the users and determine the areas which are 

problematic. 

Once Prototype 1 has been sufficiently improved with user feedback and usability evaluation, Prototype 

2 (P2) is to be created. P2 focuses on detailed aspects of user interface where working prototypes are constructed 

that represent the actual software application to be developed. Representative data should also be used to get 

actual flavor of usage. In addition to Coaching Method, Feature Inspection can be carried out for evaluation of 

P2, to check organization of different features of the application, their understandability, friendliness and other 

aspects. The main objective of P2 is to uncover as many usability issues as possible. These are spread over 

multiple aspects like colors, size of elements, data representation, user experience, and behavior and so on. 

Changes in requirements can still be there, but case studies used for evaluation show that the number of changes 

decreases as we proceed in the process.  

As mentioned earlier, the UI design phase and continuous usability evaluation involved in it, ensures 

that major usability issues are screened out at a very early stage. User-focused evaluation techniques confirm 

constant user involvement. This also helps in creating real expectations from the software application being 

developed and makes learning process easy once the software is deployed. A user interface specification 

document is created at the end of this phase which contains workflows and high fidelity prototypes, to be used in 

later stages of development. This document combined with artifacts from requirements analysis phase 

collectively make the usability design guideline. 

 

3.3 Development Phase 

The development phase focuses on system design and usability design document for developing the product 

according to usability goals and requirements. It is recommended that development should be carried out in 

various iterations after each of which formative usability evaluation must be carried out, in order to ensure that 

development phase is leading towards the right way. Any problems found in formative evaluation should be 

fixed before moving towards the next iteration. 

 

3.4 Validation Phase 

Throughout the process usability is evaluated by a number of techniques, however, it is still necessary to assess 

whether the product met usability goals and is free of any possible issues. A summative usability evaluation has 

to be carried out in this phase with an objective of evaluating usability goals and requirements. Moreover, 

according to heuristics specification document (created in requirements analysis phase), usability features that 

are to be evaluated in the developed application should be analyzed at this stage. Furthermore, other software 

testing activities are also conducted to find possible software bugs. Issues related to usability and others are fixed 

and the software is deployed after validation. 
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3.5 Deployment and Maintenance Phase 

Deployment can be done in incremental way or otherwise, depending upon the nature of the product. Usability 

evaluation and improvement should not be neglected even after deployment. We suggest performance 

measurement techniques for this phase where error rate, task time, learning difficulties etc. should be examined 

and the product should be improved accordingly. User feedback and satisfaction measurements help in 

improving the product likewise. In case of users who have been directly involved in UI design and usability 

evaluation, it gets easy to use the software in better way. Moreover, already developed realistic expectations 

result in higher levels of satisfaction. 

 

4. RESULTS 

 

In this section, we present the case studies in which our proposed approach was implemented. Multiple software 

development projects were taken as scenarios, in order to present reliable and concrete results. To prove the 

effectiveness of proposed approach, different perspectives of the process were tested across these projects. 

 

4.1 Case Studies 

The case studies were divided in to three categories: 

Full Process (FP): the projects which used our approach and results were gathered from them in all phases of 

the process. 

Partial Process (PP): the projects which used our approach, but the results were gathered only up to design 

phase. 

Null Process (NP): the projects which did not use our approach. 

 

Personal Health Record Insurance Module (PHR): An application for insurance plan providers to manage 

offered insurance services. General users can select an insurance plan according to their specific requirements. 

Home Health Agency (HHA): An application for nurse practitioners that provide health services at patient's 

home. 

Electronic Prescribing Application (sRx): An application for doctors to create and manage prescriptions. 

Restaurant Booking Application (RBA): A smart phone application for booking tables in restaurants and place 

orders. 

Same projects (having same requirements specification) were developed using NP as well as FP or PP in order to 

present comparable results. Table 1 shows overview of projects used in case studies. 

 

Table 1. Overview of case study projects 
Project Process Category Platform 

PHR Insurance Module (PHR-NP) NP Windows 

PHR Insurance Module (PHR-FP) FP Windows 

Home Health Agency (HHA-FP) FP iOS 

Electronic Prescribing Application (sRx-PP) PP Android 

Restaurant Booking Application (RBA-NP) NP Android 

Restaurant Booking Application (RBA-PP) PP Android 

 

4.2 Variables 

This section presents the variables against which data was captured during the development of mentioned 

software projects. Different aspects and characteristics were recorded to cover all aspects of the hypothesis. 

Following are the variables that were observed and measured in the subject projects. 

 

4.2.1 Usability Problems 

Usability problems indicate the quality of a software application. The finished product should contain only a few 

or ideally no usability problems. This can be attained if usability problems are uncovered and eliminated earlier 

in development process. The records of usability problems, their description, number of occurrences and stages 

at which they are found will help us in determining that either or not the proposed process helps in uncovering 

usability process in earlier stages of project development. 

 

4.2.2 Changes in Requirements 

Stable requirements are considered ideal in software development; however, changes in requirements are always 

there in almost every software project. These changes have a direct effect on cost, quality and schedule. As the 

hypothesis proposes that the process will help in identifying changes in requirements, so recording the changes 

with respect to the stages at which they are identified will help in analyzing the hypothesis. 
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4.2.3 Development Time 

The proposed process focuses on spending time in usability related activities throughout the process. Participants 

were requested to carefully record the time they spent on different activities of the process. Recording the time 

spent in usability activities as well as in the overall process will help in investigating the effect of usability 

activities on overall development time. It will help on determining that either or not an early usability focus 

helps in reducing overall development time. 

 

4.2.4 Complexity of proposed approach 

For measuring the complexities of particular tasks involved in the process, and the whole process itself, we 

asked the participants who used the process in their projects. Participants had to rate the complexity of the 

process and its particular tasks on a scale of 1-5. 

 

4.2.5 Usability Level 

To evaluate usability of the projects included in the evaluation of this thesis, we used Single Ease Question 

(SEQ) for task level satisfaction, and System Usability Scale (SUS). 

 

Single Ease Question (SEQ): Single Ease Question helps in determining how easy or difficult it is for users to 

perform certain tasks while using a system. It is a scale that focuses on different levels of difficulties associated 

with tasks. Although, SEQ is a simple method for measuring usability of a system, yet it is found to be equally 

well or better [15, 16] than other standard questionnaires for measuring task difficulty. 

System Usability Scale (SUS): System Usability Scale was originally developed by John Brooke [17], which is a 

ten points questionnaire that evaluates effectiveness, efficiency and learning aspects of a system. This scale can 

be used on small sample sizes and is considered as reliable and valid [18]. Comparisons can be made on the 

basis of SUS scale, so it is definitely helpful in comparing usability levels of subject projects. 

 

4.3 Data 

This section presents the data captured during the development of the subject projects. The data was captured 

according to the variables discussed in the previous section. In order to evaluate usability in different phases of 

the proposed process, at least five (5) users participated in the process activities, as these much users are 

sufficient according to Jakob Nielsen's mathematical model of usability problems [19]. 

 For usability problems, changes in requirements and development time, comparable results were 

required, so this section shows the data related to these variables in general software development phases i.e. 

Analysis, Design, Development, Testing and Deployment. However, it must be noted that usability problems and 

changes in requirements were uncovered during specific evaluation activities workflow design, Prototype 1 & 2 

etc. Moreover, for projects with PP category, as the data was recorded up till design phase only, records for 

development, testing and deployment phases are not applicable. 

 

4.3.1 Usability Problems 

Tables 2 and 3 respectively indicate the number of problems according to particular applications and with 

respect to the process used. Usability problems, for the projects which used our proposed process, were 

uncovered mostly in design phase and a few in later stages. However, usability problems were uncovered at late 

stages for the projects which did not use the proposed approach. 

 

Table 2. Number of usability problems in different case studies 
Phase of development PHR (NP) PHR (FP) HHA (FP) sRx (PP) RBA (NP) RBA 

(PP) 

Analysis 0 0 1 0 0 0 

Design 0 7 8 7 2 6 

Development 1 2 3 - 5 - 

Testing 1 0 1 - 7 - 

Deployment 4 0 1 - 4 - 

 

 

Table 3. Number of usability problems with respect to process used 
Phase of development NP PP FP 

Analysis 0 0 1 

Design 2 13 15 

Development 6 - 5 

Testing 8 - 1 

Deployment 8 - 1 
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Figure 4: Usability problems with respect to process used 

 

4.3.2 Changes in requirements 

Table 4 and 5 respectively indicate the number of problems according to particular projects and with respect to 

the process used. Like usability problems, changes in requirements for the projects which used the proposed 

approach where uncovered earlier as compared to the projects which did not use the process. 

 

Table 4. Number of changes in requirements in different case studies 
Phase of development PHR (NP) PHR (FP) HHA (FP) sRx (PP) RBA (NP) RBA 

(PP) 

Analysis 1 1 4 2 4 2 

Design 0 8 4 2 1 6 

Development 1 1 3 - 6 - 

Testing 4 1 4 - 9 - 

Deployment 3 0 1 - 3 - 

 

Table 5. Number of changes in requirements with respect to process used 
Phase of development NP PP FP 

Analysis 5 4 5 

Design 1 8 12 

Development 7 - 4 

Testing 13 - 5 

Deployment 6 - 1 

 

 
 

Figure 5: Changes in requirements with respect to process used 
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4.3.3 Development Time 

Table 6 shows the expected and actual time spent in different case study projects. Expected time was calculated 

initially by project lead/manager. Although, additional time was spent in design phase for the projects which 

used the process, yet the projects completed in expected time. Significant time was saved in development as 

major problems and changes in requirements were already dealt with. Development teams did not face problems 

like revisiting already completed tasks, due to client feedback and criticism. In Table 6, only the projects with 

complete data are shown, as for the projects of PP category data was collected up till design phase only.  

 

Table 6. Development Time (in Man Hours) of different projects 
Project Expected Time Actual Time 

PHR (NP) 64 62 

PHR (FP) 64 58 

Home Health Agency (FP) 233 217 

Restaurant Booking (NP) 368 534 

 

4.3.4 Complexity of proposed approach 

Table 7 shows the average complexity of the overall process and different tasks performed by participants. The 

data is from rating of different individuals who participated in developing case study projects. Individuals were 

guided on performing certain tasks like field study, task analysis and heuristics evaluation etc. A five point scale 

was used for rating the complexity with 1 for 'Very Difficult' and 5 for 'Very Easy'. The results show that 

participants did not find the overall approach as a difficult one. Average complexity of tasks is 3.60 and average 

complexity of overall process got a rating of 3.70 from participant's feedback. 

 

Table 7. Complexity of proposed approach 

1 - 'Very Difficult', 5 - 'Very Easy' 
Task Average Complexity 

Field study 3.10 

Task analysis 3.00 

Competitor analysis 3.10 

Designing workflow 4.40 

Evaluating workflow 4.10 

Designing Prototype 1 4.40 

Evaluating Prototype 1 3.70 

Designing Prototype 2 4.10 

Evaluating Prototype 2 3.10 

Development according to usability guideline 3.70 

Heuristics evaluation 3.60 

Getting user feedback 3.40 

Average complexity of tasks 3.64 

 

 

4.3.5 Usability level 

To evaluate usability of the projects included in evaluation, we used Single Ease Question (SEQ) for task level 

satisfaction, and System Usability Scale (SUS) for an overall usability score. Table 8 shows the average task 

level satisfaction calculated from SEQ for different projects. This data has also been represented in Figure 6. 

Table 8 shows that the projects for which our approach was used, task level satisfaction was higher as compared 

to other projects. Moreover, it was also up to an acceptable level of satisfaction as average SEQ score is around 

4.8 to 5.1 [20]. 

 Table 9 shows the average score of System Usability Scale obtained from user feedback of different 

projects. SUS scores of case study projects have also been represented in Figure 7. It is clear that projects using 

our approach scored better than others as well as better than the average score of SUS that is 68 [18]. 

 

Table 8. SEQ scores 
Project SEQ score 

PHR (NP) 4.55 

PHR (FP) 5.67 

Home Health Agency (FP) 5.90 

Restaurant Booking (NP) 4.10 

 

 

 

 

34 



Gondal et al.,2016 

 

Table 9. SUS scores 
Project SUS score 

PHR (NP) 51.25 

PHR (FP) 69.25 

Home Health Agency (FP) 81.00 

Restaurant Booking (NP) 59.50 

 

 
Figure 6: SEQ score of case studies 

 

 
Figure 7: SUS score of case studies 

 

5. DISCUSSION 

 

In the previous section, data captured from different case studies has been presented. The data helped in 

analyzing the proposed hypothesis of this work. The analysis of usability problems shows that the adoption of 

proposed process helped in fixing usability problems in early design phase. For these projects, most of the 

usability problems were uncovered and fixed in design phase and a very few usability problems were left in later 

stages. However, usability problems were addressed very late in the projects which did not apply the proposed 

approach. Deployed software applications were also left with usability problems in cases where the process was 

not used. 

The projects which followed the proposed process were not troubled by changes in requirements at later 

stages of development. Most of the changes in requirements were uncovered in the design phase for these 

projects. However, the projects which did not follow the proposed process had to deal with changes in 

requirements in later stages of software development as well as after deployment. 

The participants of different case studies who used the proposed process have rated the complexity of 

the process and the tasks they performed. If we analyze the feedback of the participants it can be concluded that 

in general the participants did not find the process much difficult as the average rating is 3.70 (1- Very Difficult 

and 5 - Very Easy), which is clearly towards easy side. However, it can be analyzed from the data that 

performing some specific activities like task analysis, competitor analysis, field study and getting user feedback 

were considered as slightly complex. We can realize that certain professionals are required for performing such 

tasks, and only general software developers might face difficulties in doing such activities. 
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The relation of adoption of the proposed process with development time can also be analyzed from the 

presented data. Although, it seems that additional usability tasks involved in the process may impact the overall 

development time. However, results from case studies show that even if the participants spent additional time in 

performing usability activities earlier in the process, yet the overall development time was not affected. The 

major reason behind this is the time saved in development phase. The subject projects which did not apply the 

proposed process had to suffer from requirement changes and other issues in later stages of project development, 

which led to additional time spent. 

If we analyze the results obtained from standard usability questionnaires, we can conclude that the case 

studies, for which the proposed process was used, got higher levels of usability and of user satisfaction at task 

level. The projects that did not apply the proposed process got significantly low levels for these metrics. The 

results advocate that using the proposed representation can help in achieving better usability. 

 Through software development case studies, we have proved that the presented approach helps in 

handling usability issues and changes in requirements in early stages of development. Moreover, it can be 

adopted to develop software applications with better levels of usability. Individuals, who used the proposed 

process in their software projects, have rated it as quite easy and have not overall spent additional time for 

completing their projects. 

 

6. CONCLUSIONS AND FUTURE WORK 

 

In this paper, we have presented a complete software development process model that aims at increasing 

usability level of software applications. The approach has been applied on different case studies, and results 

prove that the presented development model is successful in handling usability problems and requirement 

changes in early development phases. In addition, the proposed approach also helps in attaining better usability 

levels. 

The paper also opens different avenues for future research work. Few variables were selected for 

evaluation of this work; however, in future we intend to analyze relation of the proposed approach with more 

variables related to software development projects. Possible examples of such variables are size of teams, 

domain of projects, application platform and some others. 

 From the obtained results an indication has been received that certain tasks in the process might require 

specific professionals in order to perform them in a better way. A study on structure of teams required for this 

process may be of great assistance in practical implementation of the proposed process in software development 

industry. 

Different usability evaluation methods were discussed in this paper, however, it was not specified that 

which method is most suitable for specific tasks in the process. Effect of different usability evaluation methods 

with respect to process tasks should be studied and it should be advised that which usability evaluation technique 

is most suitable for particular tasks. 

Moreover, presenting ways to modify the proposed approach for software applications that cannot be 

anticipated in early design process is another future research line. One of the examples of such applications is the 

video games for which interactive user interface cannot be actually experienced through prototyping. One such 

approach has been presented in [21] to ensure usability, playability and effectiveness of video games. 
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