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ABSTRACT 

This dissertation follows a three paper format. Abstract for each paper is 

presented below. 

 First Research Study 

A Methodology for Data Collection and Analysis to Assist Cost Justification 

of Usability 

Abstract 

Usability investments help companies increase benefits and reduce costs. 

There are many categories of increased benefits and reduced costs mentioned in the 

cost justification literature. It is hard for usability practitioners to justify usability 

through all these categories. This paper examines the significant gains from usability 

that practitioners should focus on based on their company. These can be listed as: (1) 

increased sales (2) reduced error rates, (3) reduced task times, and (4) increased traffic 

on website. The study involves literature review, Pareto analysis, distribution fitting 

and bootstrap sampling.  

 

 Second Research Study 

Goal Programming Model for Usability Benefit Expectations 

The key objective of this study is to optimize the usability benefit expectations. 

The fact that different types of companies expect different benefits is taken into 

consideration. The paper is consisted of two parts: (1) an optimization model for the 

assumptions of percentage increase in sales and percentage increase in website traffic, 

(2) an optimization model for the assumptions of percentage change in error rate and 

percentage change in task time. The optimization model used is goal programming. 

Finally, a sensitivity analysis is performed to test how sensitive the results are to small 

changes in the constraints and the variables. 

 



Texas Tech University, Burchan Aydin, August 2014 

vii 

 Third Research Study 

Determining Constraints of Goal Programming Model for Usability Benefits 

The objective of this study is to analyze the interaction constraints of the goal 

programming models developed by Aydin and Beruvides (2014b). In Aydin and 

Beruvides (2014b), two goal programming models were developed for increased sales 

and traffic rates, and decreased error rate and task time benefits. Ordinary least square 

regression method was used two determine the two-way interactions. Equal slope was 

assumed for all quantiles of the dependent variables. The results of this study indicated 

that there were not any significant differences in the slopes of the regression lines 

depending on the quantiles. Thus, this research proved that the approach taken in 

Aydin and Beruvides (2014b) was accurate in terms of interaction constraints used in 

the models.  
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CHAPTER I 

INTRODUCTION 

 

History and Background 

Usability is the ease of use and acceptability of a system for a specific class of 

users carrying out particular tasks in a specific environment (Holzinger, 2005, p.1). 

The rise of the popularity of Web in the last decade increased the significance of 

usability. A wider and less technical user population has dominated the web, asking 

for ease of use (Black, 2002). In order to sustain in the software market, usability has 

been an important investment alternative for organizations in the last decade. Investing 

in usability reduces various types of costs such as support, training, and development 

costs, increases sales for organizations, and improves effectiveness, efficiency, and 

satisfaction for end users. However, there are costs to be dealt as with all investments. 

Costs can be calculated by finding the resources needed to perform required usability 

tasks and techniques. Benefits, on the other hand, are estimated by usability 

practitioners mainly by using their expertise by making assumptions on possible 

improvements in the performance measures. There are very few case studies in the 

literature that are empirical based and performed by substantiated data. This causes a 

problem since there are other investment opportunities that have validated data. 

Usability is competing against these alternatives, but generally with non verified data. 

However, in order to convince management for investing on usability, it must be 

demonstrated that usability engineering is better than other potential investments, and 

that its main benefit is increasing return on investment over time (Lund, 1997). There 

are several problems detected in the usability cost justification research; possible 

impact of other factors on increased sales, applicability of the model for differing 

product types, ignored sustaining costs, lack of model validation, and reliability of 

practitioners’ assumptions. 
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While evaluating the return on investment, usability researchers mostly assume 

the improvement on a benefit category to be only due to usability. For instance, 

Staples.com web site was improved by Human Factors International by using usability 

principles in 1999, and the sales increased by 491% compared to the previous year’s 

figures. Yet, it is hard to determine if the whole increase on sales was due to usability, 

or other factors also impacted this result. Thus, calculating the return on investment by 

accounting usability as the only reason of the whole 491% increase may be a biased 

approach to justify usability. Many other case studies ignored the impact of other 

factors that might have affected the sales. Rosenberg (2004) claimed that a change in 

price, a doubling in size of the sales force, successful marketing, and bad press for a 

competitor could also affect the revenue increase. Hanson and Castleman (2006) 

discussed that addition of new features, impact of an enhancement in overall economy, 

a new advertising campaign, or exiting of a competitor may be possible reasons. 

Therefore, the real impact of usability in increased sales could actually be less than it 

was shown in those case studies. This indicates that justifying increased sales has most 

likely been biased in cases where the whole sale increase was tied to usability 

improvement.  

Current models are mostly developed for usability applications for software 

products, not for hardware products. It is not clear if the models can be applied for 

hardware products that do not have any user interfaces. Moreover, it is not solved yet 

whether these models fit both mass produced and tailored products (Rajanen, 2003). 

The current usability cost-justification models have limited applicability. 

Majority of the cost-justification models consider only the initial costs of 

usability investment, yet ignore possible sustaining costs throughout the lifetime of the 

specific usability project. The benefits are added each year, but costs are merely initial 

costs in these models. A few studies discussed that there is the possibility of sustaining 

costs. However, they claimed that those sustaining costs could be ignored in the cost 

justification, since they would be too low to impact the results of the justification. On 

the contrary, there is a possibility that sustaining costs could have a dramatic effect on 
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the results. Thus, it may be wrong to ignore sustaining costs in usability cost 

justification process.  

There is a lack of validation of usability cost-justification results. Many cases 

are found that show estimations of return on investment of usability, yet comparison 

of these estimations against the actual results after the investment has been ignored. 

There are a few studies found that mentioned comparison of estimated return on 

investment values against actual return on investment values (Aydin, Millet, and 

Beruvides, 2011). Wilson and Rosenbaum (2005) discussed that there were cases 

where actual return incurred came out less than the estimated return.  However, these 

results were not provided in the literature. They were only reported in workshops and 

private conversations. According to Nielsen (1993), 63% of large software projects 

significantly overrun their estimated budgets. The four reasons having the highest 

responsibility were related to ‘usability engineering’ based on software managers 

(Nielsen, 1993). Thus, discrepancy in model estimations and actual results is a 

problem in current cost justification models.  

Benefit-cost ratio has been used to show return on investment in most part of 

the literature. However, benefit-cost ratio is an analysis technique used for 

governmental organizations for public investment analysis (Newnan, Lavelle, and 

Eschenbach, 2009). It is not suitable for private organizations. There has not been any 

researcher who has discussed this issue yet.  

The major problem is that usability cost-justification process requires many 

assumptions on expected level of usability benefit, and these assumptions are key 

factors affecting the return on investment results. There is no method to find a reliable 

estimation for these assumptions. Usability practitioners use their experience in 

specific fields to make assumptions to justify usability. Inaccurate estimates of 

benefits may mislead decision makers. Therefore, it is important to develop a tool to 

aid usability practitioners in making assumptions for the benefits of usability. 
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Problem Statement 

Usability cost justification models require parameters and assumptions to 

measure costs and benefits of usability investment. Parameters can be determined by 

usability practitioners and they provide actual data. However, the assumptions of the 

usability benefit expectations are mainly based on the experience of the usability 

practitioners, and not comparable between different industries. Any small variation in 

assumptions can cause dramatic changes in justification results. Since there is no 

consistent method to reach these assumptions in the literature, justification of usability 

currently depends on the accuracy of the usability practitioners’ estimates as well as 

on assumptions that may not be measurable. Therefore, it is important to develop a 

decision tool for standardization of assumptions that usability practitioners can rely on 

to do a proper economic usability evaluation.      

 

Research Questions 

What effects do software usability investments have on various types of 

companies? Could an optimization model be developed that provides estimations for 

software usability effects? What are the relationships between these effects? How do 

these effects change based on the quantiles of the usability benefits? 

Research Question for Research 1 

Although there are lots of usability benefits mentioned in the usability 

literature, it is hard to find quantitative data for most of them. It is neither feasible nor 

practical to focus on all benefits types for justifying purposes. Usability practitioners 

need to know which benefits should be focused on based upon the company type and 

how much return is expected. Considering this, the first research aims at tackling the 

following research question:  

'What are the significant benefits of software usability investments? Which of 

these benefits can be quantified? Are there any dependencies between these benefits, 

or are they independent? How are these benefits distributed? What are the population 

means and lower quantiles for these benefits?’ 
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Research Question for Research 2 

There has not been any study that tried to model the expectations of usability 

benefits. There is a strong need for optimization of these usability benefit 

expectations. Thus, the second research will tackle the following research questions: 

‘How can a goal programming model be developed that estimates changes in 

the significant benefits for dependent usability benefits? How would the target values 

for goal programming model be decided upon? How can usability practitioners 

retrieve different values from this model to justify usability investments depending on 

the company type and key expectations from usability investments? 

Research Question for Research 3 

In the goal programming models of the second research study, the interaction 

constraint’s slope was assumed to be constant in all quantiles. How does the slope of 

the regression line behave in different quantile regions of the dependent variable? 

What is the impact of a one percentage point increase in a benefit on other benefits for 

different levels of percentage change levels? In other words, what is the relationship 

between usability benefits for different quantiles of that benefit type? Therefore, this 

sensitivity analysis tackles the following research question: 

'What are the relationships between usability benefits in low, medium and high 

levels of the dependent variable?’ 

General Hypotheses 

The general hypothesis for this research is that expectations of companies from 

usability investments differ depending on the company type. The research questions 

are hypothesized in three researches. 

Research 1 

There are many benefits listed in literature that shall be gained by investing on 

usability. However, the focus of attention in justification process should be the 

significant benefits that can be quantified. In this research, these benefits are being 

explored and the dependencies in between. The hypothesis for this research is as 

follows: 

H1: There are some benefits of usability that are dependent on each other. 
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Research 2 

Considering the variables and dependencies determined in the first research, a 

goal programming model is developed. This model will provide optimal solutions for 

usability benefit assumptions based on different weights assigned to deviations from 

target values. These weights can be assigned depending on company type and 

expectations. 

H2: Company types affect the focus of usability investments, thus yields 

different benefit assumption outcomes.     

Research 3 

This research explores the tradeoffs between correlated usability benefits. The 

relationship between sales and traffic depending on varying levels of percentage 

changes in sales is analyzed. Similarly, the connection between error rate and task 

time is examined.  

H3: A percentage point change in a usability benefit affects a dependent 

usability benefit differently according to the level of percentage change in the 

dependent benefit.    

Research Format 

 This research consists of three sequential studies that investigate key 

benefits gained by investing on usability improvements in any type of software.  The 

first study involves data collection and analysis, theoretical distribution determination 

to estimate the population distribution, and bootstrapping of data table samples in 

order to estimate population lower quantiles for these benefits. It also includes 

regression analysis to determine the relationship between those assumptions. The 

second study, on the other hand, includes development of a goal programming model 

that provides numerical values for usability benefit assumptions. The third study 

examines the slope of the regression lines based on differing quantiles by utilizing the 

quantile regression method.  
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Research Purpose 

The primary purpose of this research is to build a decision tool that estimates 

reliable usability benefit expectations for usability practitioners and engineering 

managers based on company-wise focus of benefit expectations, by examining the 

existing cost-justification models and case studies. The major benefits of software 

usability investments will be estimated via a goal programming model to help 

usability practitioners in cost justification of software usability. 

Research Objective 

The primary objectives of this research are: (1) to determine major benefits of 

software usability investments, (2) to analyze the distribution of those major benefit 

functions, (3) to develop a goal programming model to estimate values of the major 

benefits, (4) to analyze the relationships between the major benefits, (5) to estimate 

population statistics for the major benefits, (6) to analyze quantiles of the major 

benefits, 

Several secondary objectives must be met for this research: 

1. To analyze the existing usability cost-justification models. 

2. To analyze the real and hypothetical case studies demonstrating usability 

cost justification. 

Limitations & Assumptions 

There are limitations and assumptions as with all researches. The following are 

some limitations to this specific research effort: 

Limitations 

This research has the following limitations: 

1. The product scope is limited to software products and services. Usability 

cost justification for hardware products are not taken into consideration. 

2. Due to limited number of studies providing financial data, some important 

benefits of usability will not be analyzed in this research. These benefits 

can be listed as: Reduced maintenance and support costs, reduced 
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development cost and time, increased user satisfaction and reduced 

employee turnover, reduced learning times, and reduced drop-off rates 

from websites.  

3. There are very few empirical studies in the research domain that provide 

quantitative data, which constraints statistical analysis. 

4. The distinction between mass produced and tailored products, in terms of 

cost justification, is not an interest of this research. 

5. The changes in usability benefits are assumed to be a result of solely the 

usability investment. Thus, external factors that could have affected the 

changes in benefits such as global economical trends, and competitors’ 

strategies etc., are not incorporated in this study due to data unavailability.  

6. This dissertation mainly focuses on products that are already released, and 

needed some sort of usability improvement in post-release stage. There are 

very few cases reported in the open literature where a product was 

designed with high usability in software development lifecycle in this 

dissertation. 

Assumptions 

As with the limitations, there are assumptions in this research: 

1. Reduction in a cost type is assumed to be a benefit. 

2. All data are converted to annual terms by using effective rate formula. 

3. Ceteris paribus assumption is used to set all factors other than usability 

constant. "Ceteris paribus assumption is holding all other factors constant so 

that only the factor/factors being studied is/are allowed to change 

(Nicholson, and Snyder, 2007)". 

4. Usability, user centered design, and usability engineering terms are cost 

justified in the literature. In this research, the term ‘usability cost 

justification’ covers ‘user centered design cost justification’ and ‘usability 

engineering cost justification’. 
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Relevance of this Study 

This research is related to industry as it provides a tool to cost justify usability 

of software products for usability practitioners in private and public sector with more 

reliable assumptions for benefits. It helps cost justification of usability in (1) 

organizations developing IT systems, commercial software, websites, intranets, 

extranets for internal or external use, (2) vendor organizations (sells software and also 

uses internally).  

The research is relevant to academics as it provides a collection of all studies 

in usability cost justification research area. It provides an entire list of usability cost 

and benefit components, pioneer models, secondary theories, and case studies of 

usability cost justification. It is a reference that provides information about usability, 

usability methods, and return on investment of usability. It will be the first 

optimization model developed in the usability cost justification research.  

Need for this Research 

This research is essential because existing usability cost justification models 

require many assumptions, and these assumptions are drawn by usability practitioners’ 

personal experiences or estimations. It can be seen in the literature that usability 

practitioners presented up to 1:1000 cost-to-benefit ratios (Nielsen & Gilutz, 2003). 

Economically infeasible and unreliable financials misdirect some decision makers. It 

is a discouragement for the decision makers that have a strong economic background. 

Rather than promoting investment on usability, it depresses the management. This 

research will be beneficial to organizations by presenting an optimization model for 

usability cost justification. There has not been any effort for modeling the expectations 

of usability benefits before, thus; this is a pioneer endeavor to optimize them.  

Benefits of this Research 

This research has theoretical and practical benefits. 

Theoretical benefits 

The theoretical benefits of this research can be listed as follows: 
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1. First modeling attempt for usability benefit assumptions. 

2. Improved reliability of assumptions in cost justification of usability. 

3. Optimization of expectations from usability by considering the relationship 

between major usability benefits. 

4. Enhanced economical theoretical basis on usability cost justification. 

 

Practical Benefits 

The practical benefits of this research can be listed as follows: 

1. A goal programming model for usability. 

2. Makes cost justification methods easier as it provides reliable assumptions. 

It will decrease the time spent on estimating usability benefit levels for all 

cost justification models in the literature.  

3. An up-to-date literature review on usability, and usability cost justification. 

 

Research Outputs and Outcomes 

The results of this research will be: 

1. A goal programming model for software usability. 

2. A data table for the ‘cost justification of usability’ research that shows the 

benefits of usability mentioned in the studies. 

3. A data table for the ‘cost justification of usability’ research that shows 

quantitative data provided in the studies.
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CHAPTER II 

LITERATURE REVIEW 

 

Introduction 

Usability is an investment alternative that increases revenue and decreases 

costs for development and vendor organizations, and offers ease of use and ease of 

learning for users. This dissertation specifically focuses on usability of software; 

including web applications, intranet applications etc. Usability of hardware is not 

taken into consideration except for the user interface of the hardware products. “User 

interface includes all aspects of the system design that influence the interaction 

between the user and the system” (Dray, 1995, p. 18).  These aspects can be listed as 

(Dray, 1995, p. 18): 

 The match with the tasks of the user, 

 The metaphor that is used, 

 The controls and their behaviors, 

 Navigation within and flow between screens, 

 Integration among different applications, 

 The visual design of the screens. 

 

This section will explain usability and illustrate present methods of cost 

justification of usability.     

Usability, User Centered Design, and Usability Engineering   

Usability, user centered design, and usability engineering concepts are 

explained in this section in order to understand the differences between these familiar 

concepts.   

Usability 

 Usability is frequently described as ‘ease of use’. However, it is 

definitely well beyond this short definition (Qusenbery, 2001). It is defined in ISO 

9241-11 guidelines as “the extent to which a product can be used by specified users to 
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achieve specified goals with effectiveness, efficiency and satisfaction in a specified 

context of use” (1998, p. 2). Thus, according to the ISO standards, the three main 

factors that should be considered in order to design for usability are: effectiveness, 

efficiency, and user satisfaction.  

Effectiveness is “the accuracy and completeness with which users achieve 

specified goals”, whereas efficiency is “the use of resources in relation to the accuracy 

and completeness with which users achieve goals” (ISO 9241-11, 1998, p. 2). 

Common effectiveness metrics are task completion rates and error rates. On the other 

hand, efficiency is usually measured by time on task and task flow deviation. Task 

flow deviation is “the ratio of the optimal number of steps to complete a task to the 

average number of steps to complete the task” (Sherman, 2006, p. 22). User 

satisfaction, on the other hand, is “the freedom from discomfort, and positive attitudes 

towards the use of the product” (ISO 9241-11, 1998, p. 2). Usability is very important 

for software systems and “software usability is accounted as a measure of how well a 

computer system (a software program, an e-commerce site etc…) helps learning, aids 

users remember what is learned, reduces errors, enables them to be efficient, and 

makes them satisfied with the system” (Donahue, Weinschenk, Consulting, & 

Nowicki, 1999, p. 33). Usable products add value to the company as customer’s needs 

and values are included in the design (Turner, 2011). Usability investments showed a 

rapid increase in the dot.com bubble era, yet it has stabilized since 2001. See Table 2.1 

for share of project budgets for usability (Nielsen et al., 2013). 

Table 2.1- Trend in Share of Project Budget (Nielsen et al., 2013) 

Year Share of Project Budget 

1971 3% 

1989 5% 

1994 6% 

2001 13% 

2002 10% 

2006 10% 

2007 12% 
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Some researchers introduced different sets of characteristics for usability. For 

instance, Nielsen (1993) explained the characteristics of usability as; learnability, 

efficiency, memorability, low error rate, and satisfaction (Nielsen, 1993, p. 26). Table-

2.2 shows Nielsen’s explanations for these characteristics. 

 

Table 2.2- The Characteristics of Usability (Nielsen, 1993) 

Usability 

Characteristics 
Explanation 

Learnability 
The system should be easy to learn so that user can start getting 

work done rapidly. 

Efficiency 

The system should be efficient to use, so that once the user learns 

the system, a high level of productivity is possible. 

Memorability 

The system should be easy to remember, so that the casual user is 

able to return to the system after not having used it for a while, 

without having to learn everything all over again. 

Errors 

The system should not have a high error rate, so that users have 

fewer errors, and if they do commit errors, they can recover from 

them easily. Moreover, catastrophic errors must not occur.  

Satisfaction 

The system should be pleasant to use, so users like it. They are 

subjectively satisfied when using it.  

 

Moreover, Qusenbery (2001) introduced characteristics of usability as in 

Table-2.3.  
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Table 2.3- Characteristics of Usability (Qusenbery, 2001) 

Usability 

Characteristics 
Definition Explanation 

Effective 

Completeness and accuracy 

with which users achieve 

specified goals 

Were users goals met successfully, 

is all work correct? 

Efficient 

Speed in which users can 

complete the tasks for which 

they use the product 

How many number of clicks or 

keystrokes required executing a 

task, what is the total time on task? 

Engaging Pleasant and satisfying design 

Is the product or design meeting 

the expectations and needs of the 

user audience? 

Error tolerant 

Designing to prevent errors, 

and to help the user recover 

from any errors that occurred 

Is it difficult to take incorrect or 

invalid action, is it difficult to take 

irreversible actions, is the design or 

product planned for unexpected? 

Easy to learn 

An interface or product 

allowing users to build on 

their knowledge without 

deliberate effort 

Can users built not only on their 

prior knowledge, but also any 

interaction patterns they have 

learned through use in a 

predictable way? 

 

In these sets of characteristics of usability (ISO, Nielsen, and Qusenbery), 

there are many similarities. However, Nielsen (1993) did not consider effectiveness, 

while Qusenbery omitted memorability. Combining these three sets of usability 

characteristics, a new set can be developed. 

Table 2.4- Combined List of Usability Characteristics 

Usability Characteristics Source 

Effectiveness Qusenbery (2001) & ISO  

Efficiency Nielsen (1993), Qusenbery (2001) & ISO 

Memorability Nielsen (1993) 

Error/Error tolerance Nielsen (1993) & Qusenbery (2001) 

Satisfaction/Engaging Nielsen (1993), Qusenbery (2001), & ISO 

Learnability/Ease of learning Nielsen (1993) & Qusenbery (2001) 
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Given the definitions and characteristics of usability, it is also important to 

know the position of usability from a systems perspective. The impact of usability on 

the acceptability of a system was introduced by Nielsen (1993). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1- The Impact of Usability on System's Acceptability (Nielsen, 1993, p. 25) 

 

Nielsen (1993) explained that system acceptability is the sufficiency of the 

system to satisfy all needs and requirements of the users and other potential 

stakeholders such as the user’s clients and managers (p. 24). To achieve system 

acceptability, the system has to be socially and practically acceptable. As an example 

for social acceptance, imagine a website that asks for ethnic information. For some 

this might be acceptable, but for others it could be assumed as racial discrimination. If 

the system is socially acceptable, then one can start taking into consideration the 

practical acceptability. The system should be analyzed in terms of its cost, reliability, 

compatibility with existing systems, and usefulness. Usefulness is explained as the 

system’s capability to achieve some predefined goal. Usefulness is separated into 

utility and usability. Utility is the functionality of the system to do what is needed, and 
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usability is how well users can use that functionality (p. 25). ‘Utility’ in Nielsen’s 

categorization may be considered similar to the effectiveness in ISO standards and 

Qusenbery’s list.  

Usability and quality are different investment types. They are similar in terms 

of improving system quality, cost-effectiveness, and reducing development time. 

However, there is a key difference: “Usability focuses on the elements of a product or 

service that end users directly interact with, whereas quality assurance focuses on 

elements with which users do not interact directly. For instance, screens, windows, 

menus, error messages, consistency, and navigation are usability issues. On the other 

hand, code integrity is a quality assurance issue.” (Weinschenk, 2005). 

Next sub section illustrates ‘user centered design’. 

 User Centered Design 

User Centered Design (UCD) is “a broad term to describe design processes in 

which the end-users influence how a design takes shape” (Abras, Maloney-Krichmar, 

and Preece, 2004, p. 1). It is also defined as “a philosophy based on the needs and 

interests of the user, with an emphasis on making products usable and understandable 

(Norman, 1988, p. 188).  “The UCD discipline includes a set of techniques to help 

development teams accurately collect and assess data on users’ characteristics, goals, 

and motivations, as well as their workflow, pain points, and critical behaviors 

(Sherman, 2006, p. 4).” Typical UCD activities can be listed as (Sherman, 2006, p. 4): 

 Watching people performing tasks that product or service providers 

would like to assist, expedite or automate 

 Discovering people’s skills, goals, motivations, frustrations, and 

successes as they work 

 Creating designs that assist, expedite or automate, with attention to the 

intended users’ skills and goals 

 Testing these designs by letting intended user group attempt to perform 

the tasks and activities supported by the product 

 Revising the design as needed depending on the results of the test 

sessions. 
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However, it should be noted that UCD is not a process accommodating 

everything the users want. There are occasions in which the user needs will not be 

accepted due to business requirements. User wishes such as making shipping free, or 

setting the products on sale are not accounted as user needs in UCD philosophy 

(Francis, 2006).  Next, usability engineering is demonstrated. 

Usability Engineering 

Usability engineering (UE) is “a process, which amounts to specifying, 

quantitatively and in advance, what characteristics and in what amounts the end 

product to be engineered is to have” (Good, Spine, Whiteside, and George, 1986, p. 

241). It can also be defined as “a method for designing usability into products and it 

involves the specification of usability metrics and goals” (Wixon and Jones, 1995, p. 

7). Usability engineering is objective and laboratory oriented. However, the lack of 

hypothesis testing or statistical decision making is the difference from traditional 

experimental approaches. It is a method to assess whether a product meets the 

preselected usability goals and to determine the usability problems (Wixon and Jones, 

1995). Some strengths of usability engineering are (Wixon and Jones. 1995, p. 7): 

 Determining an agreed upon definition for usability 

 Setting this definition in terms of metrics and goals for usability 

 Treating usability as equals with other engineering goals 

 Presenting a context for an agreed upon assessment for the usability of 

a product 

 Providing a method for prioritizing usability problems. 

 

There is no existing study found in the literature that described the relationship 

between usability, user centered design, and usability engineering. However, ‘usability 

engineering’ and ‘usability’ terms are used concurrently in cost justification. In other 

words, cost justification of usability and cost justification of UE were assumed 

identical by many researchers. Moreover, there are studies that used the term ‘cost 

justifying UCD’, and these could be assumed equal to the term ‘cost justification of 

usability’. The reason is that by having UCD activities, the goal is improving usability 

of the product or system. In other words, UCD activities are done to improve usability. 
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Henceforth, only cost justification of usability (CJU) term will be used in this report as 

it covers justification of UCD and usability engineering, simultaneously. Moreover, 

usability engineer, usability practitioner, and usability professional refer to individuals 

who provide usability services (Henneman, 2005). ‘Usability practitioner’ term will be 

used in this research so as to refer to the individual usability providers. Usability 

practitioners could be involved in usability activities for an organization as an internal 

usability group (a usability team within the company), external group (a usability 

consultant firm), or as an individual consultant (Henneman, 2005). The main goal of 

usability practitioners is either finding and eliminating the usability problems in the 

current product/service or creating a new product/service without usability problems. 

The next section illustrates usability problems. 

 

Usability Problems   

Usability problems are defined as: “aspects of a user interface that may cause 

the resulting system to have reduced usability for the end user” (Nielsen & Mack, 

1994, p. 3). To improve usability of an existing user interface, problems should be 

detected first. Moreover, to create a new design for a product or service with high 

usability, possible usability problems should be avoided. There are several usability 

methods in the literature that help detect existing or possible usability problems. The 

next section presents these methods. 

 

Usability Methods 

User interfaces can be evaluated in four basic ways given in Table-2.5.  
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Table 2.5- User Interface Evaluation Methods (Nielsen, 1994) 

Method for Evaluating User 

Interfaces 
Explanation 

Automatically 
By running a user interface specification 

through evaluation 

Empirically By using real users 

Formally 
By using exact models and formulas to 

calculate usability measures 

Informally 
Based on rules of thumb and the general skill, 

knowledge, and experience of the evaluator 

 

Formal tests and automatic methods are difficult to apply, which makes 

empirical and informal methods the most used user interface evaluation methods. 

Usability inspection is an informal method. It is defined as: “the generic name for a set 

of methods based on having evaluators inspect or examine usability-related aspects of 

a user interface” (Nielsen, 1994, p.1) introduced the usability inspection methods as 

provided in Table-2.6.  

 

Table 2.6- Usability Inspection Methods (Nielsen, 1994) 

Usability Inspection 

Method 
Description 

Heuristic evaluations 
Judging whether interface elements conform to established 

usability heuristics 

Guideline reviews Checking for conformance with usability guidelines 

Pluralistic walkthroughs 
Meetings where users, developers, and human factors 

specialists explores a scenario discussing usability issues 

Consistency inspections 
Designers from different projects inspect an interface to 

see whether it is consistent with their own designs 

Standards inspections 
Checking the compatibility of the interface with the market 

standards) 

Cognitive walkthroughs 
Simulating user’s problem solving process at each step in 

the human-computer dialogue 

Formal usability 

inspections 

Team participation including a moderator, a design owner, 

and inspectors 

Feature inspections 
Checking the functions’ conformance to the needs of end 

users 
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Recently, various usability methods have evolved. Up-to-date methods are 

demonstrated in the webpage ‘usability.gov’ methods section (www.usability.gov). 

Table-2.7 shows usability methods and gives explanation for each. 

Table 2.7- Latest Usability Methods (www.usability.gov/methods) 

Method Explanation 

Card Sorting 

“Involving users in grouping information for a Web site. 

Participants review your Web site and then group the items in the 

website into categories.”  

 

Contextual 

Interviews 

“Interviews conducted in participant’s real work environment to watch 

and listen to them. Being performed in user’s work environment, they 

are more natural and realistic.” 

Focus Group 

“Discussion among eight to 12 users or potential users of your site 

covering a range of topics determined before. It helps learning about 

user’s attitudes, beliefs, desires, and their reactions to ideas or to 

prototypes.”  

Heuristic 

Evaluation 

“Evaluators examine the interface and judge its compliance with 

heuristics (usability principles)” 

Individual 

Interviews 

“Talking to one user at a time for 30 minutes to an hour face to face or 

by call or by video conferencing to understand the user’s attitudes, 

beliefs, and experiences.” 

Parallel 

Design 

“Several designers create an initial design from the same set of 

requirements working independently. At the end, each designer shares 

his/her design. The team considers each solution, and each designer 

uses the best ideas to further improve their own solution to generate 

many diverse ideas and to ensure that the best ideas are integrated into 

the final concept.” 

Personas 

“A persona is an imaginary person who represents a key user group for 

your website. 

Creating personas help the usability team helps the team focus on the 

users’ goals and needs.” 

Prototyping “A prototype is a draft version of a Web site. Prototypes are used to 

explore ideas early in the development process.  Prototypes can be 

low-fidelity (paper drawings) or high-fidelity (click-through of a few 

images or pages, or a fully functioning Web site).” 

 

 

 

http://www.usability.gov/
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Table 2.7- Latest Usability Methods Continued 

Method Explanation 

Online 

Surveys 

“Structured interviews with users, displaying a list of questions online 

and recording the responses  to find information about: 

 Who are the users, what do they want to accomplish and what 

information are they looking for? 

 Did users find the information they were looking for? 

 How satisfied are users with your site? 

 What experiences have users had with your site or similar 

sites? 

 What do users like best and like least about your site? 

 What frustrations or issues have users had with your site? 

 Do users have any ideas or suggestions for improvements?” 

Task 

Analysis  

“It involves learning about your users' goal and specific task users 

must do to meet those goals and what steps they take to accomplish 

those tasks. It complements a user analysis. 

 

User and task analysis focuses on understanding: 

 what users' goals and what they actually do to achieve the 

goals 

 what personal, social, and cultural characteristics the users 

bring to the tasks 

 how users are influenced by their physical environment 

 how users' previous knowledge and experience influence 

how they think about their work and the workflow they 

follow to perform their tasks” 

Usability 

Testing  

“It is a method used to evaluate a product by testing it with 

representative users. Users will try to complete representative tasks 

while observers watch, listen and takes notes. 

The goal is to identify any usability problems, collect quantitative data 

on the performance (time on task, error rates) of participants, and 

determine participant's satisfaction with the product.” 

Creating Use 

Cases 

“A use case is a description of how users will perform tasks. Two 

main parts are: 

 the steps users will take to complete a particular task on a 

Web site 

 the way the Web site should respond to user's actions 

Each use case captures: 

 The actor (who is using the Web site?) 

 The interaction (what does the user want to do?) 

 The goal (what is the user's goal?)” 
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On the other hand, a recent study by Holzinger (2005) divided usability 

evaluation techniques into two categories; usability inspection methods (users are not 

involved) and usability test methods (end users are involved). Table-2.8 represents 

these usability evaluation techniques. 

 

Table 2.8- Usability Evaluation Techniques (Holzinger, 2005) 

Comparison of Usability Evaluation Techniques 

 Inspection Methods Test Methods 

 
Heuristic 

Evaluation 

Cognitive 

Walkthrough 

Action 

Analysis 

Thinking 

Aloud 

Field 

Observation 
Questionnaire 

Applicably 

in Phase 
All All Design Design 

Final 

Testing 
All 

Required 

Time 
Low Medium High High Medium Low 

Needed 

Users 
None None None 3+ 20+ 30+ 

Required 

Evaluators 
3+ 3+ 1-2 1 1+ 1 

Required 

Equipment 
Low Low Low High Medium Low 

Required 

Expertise 
Medium High High Medium High Low 

Intrusive No No No Yes Yes No 

 

Before discussing how usability has been cost justified, one should be aware of 

different perspectives on usability. Perspective of management towards or against 

usability is an important factor in the success or failure of cost justification. Next 

section provides possible standpoints with respect to usability investments in 

organizations.   

Perspectives on Usability  

Hanson and Castleman (2006) evaluated three different perspectives that resist 

against investing on usability: “Engineer-centric culture, design-centric culture, and 

the customer-centric culture.” First, Hanson and Castleman (2006) discussed that an 

incompetent usability practitioner might cause the engineering team to consider user 
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centered design as irrelevant. “Engineer cultures tend to focus on technology-centered, 

feature-driven products. The problem with this culture starts once the technology 

matures as the user population expands. The key to the success turns to the user 

experience rather than features alone (Hanson and Castleman, 2006, p. 17).” “The 

challenges that an engineering-centered culture causes to user centered design are:  

 Engineers define a product as ‘usable’ if it is possible to complete a 

task in a user interface;  

 Engineers rely deeply on their own experience; 

 Engineers believe they should own the interface; 

 Engineers feel they are doing the right thing for the customer; 

(Hanson and Castleman, 2006, p. 19).”  

 

It should be stated that Hanson and Castleman (2006) are not regarding 

engineering discipline as a block against usability investments. They are talking about 

the engineers who fail to represent users in the development process.   

“Design-centric cultures, on the other hand, are common among internet 

companies and consulting firms (Hanson and Castleman, 2006, p. 18).” Focusing on 

the design process as a creative endeavor and ignoring user experience is the problem 

with a design-centric culture that ends up with difficult to use but aesthetic products. 

“The challenges that a design-centered culture causes to user centered design are: 

 Aesthetically-driven designers define the user experience more on the 

basis of aesthetic experience rather than ease-of-use; 

 Aesthetically-driven designers regularly assume print visual design 

principles transfer directly to computer user interfaces;  

 Aesthetically-driven designers usually value the user experience in 

terms of the visual art of a single user interface, rather than in the 

elegance of larger dynamic workflows; 

 Aesthetically-driven designers rely mostly on their own instincts about 

the users; 

 Aesthetically-driven designers attend selectively to user research, 

focusing only on the results that confirm their viewpoints; (Hanson and 

Castleman, 2006, p. 19).”  

 

Customer-centric culture may sound like favorable for user centered design, 

yet it actually causes challenges to it. This is because employees in marketing, sales, 
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and product management have contact with customers regularly, and they believe that 

they understand the user needs, and become overconfident and ignore usability 

practitioners. “The challenges that a design-centered culture causes to user centered 

design are: 

 Customer advocates rely heavily on customers’ self-report and 

customer suggestions to assess the usability of the interface;  

 Customer advocates disproportionately focus on their biggest 

customers’ needs; 

 Customer advocates are overconfident in their ability to know what the 

customers need; 

 Customer advocates believe they own the user interface of the product; 

 (Hanson and Castleman, 2006, p. 20).”  

 

In order to deal with these three types of cultures that prevent usability 

activities, Hanson and Castleman (2006) suggested focusing on the Ease-of-Use 

pyramid.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2- The Ease-of-Use Pyramid (Sherman, 2006, p. 22)  
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According to the pyramid, first, effectiveness goals, then efficiency goals, and 

finally satisfaction goals should be met. “These goals can be formed based on usability 

guidelines or by a desired improvement on the current performance (Hanson and 

Castleman, 2006, p. 26). ” In a study performed in Western Electric in 1927, it was 

found that the performance of workers improved mainly due to them being tracked 

rather than other working conditions such as break schedules or lighting; a 

phenomenon known as the Hawthorne effect (Franke and Kaul, 1978). Therefore, 

setting usability goals and continuously tracking the status based on those goals might 

improve performance. Moreover, Hanson and Castleman (2006) discussed the impact 

of memory on the conclusions people reach. There can be bias in analysis because of 

the usability practitioners remembering more of the first and last trials than the trials in 

the middle of a study. Furthermore, the sessions a usability practitioner observed have 

more influence on him/her than the sessions he/she did not observe. To counteract 

these biases setting usability goals and tracking achievements is suggested. For 

example, at Peregrine Systems, a usability group consistently increased success rates 

on critical tasks from 0 to 25 percent up to 70 to 100 percent. Without calculating any 

return on investment, the team was able to convince the management to invest in 

usability by the consistent production of measurable results, in other words by meeting 

usability goals. Peregrine System had to lay off over 50 percent of employees for a 

nine month period, but the usability team size increased by 20 percent (Hanson and 

Castleman, 2006, p. 28-29). 

Hanson and Castleman (2006) also suggested an iterative process to meet 

usability goals. This process should replace the engineering-centric, design-centric, 

and customer-centric cultures so that usability will be a priority in the development 

lifecycle of projects. Figure-2.3 demonstrates this process. This process and the ease-

of-use pyramid may be adjusted by adding learnability, memorability, and error 

tolerance to cover all usability characteristics which are listed in Table-2.4.    
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 Figure 2.3- Iterative Process for Usability Goals (Sherman, 2006, p.23) 
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Usability practitioners having to suffer from organizational culture against 

usability should: 

 reach across discipline boundaries, identify concurring change agents 

and develop relationships to foster collaboration; 

 be determined in their encouragement and advocacy of a data-driven 

approach to design; 

 work patiently under resistance and organizational obstacles; 

 passionately defend the belief that technology should serve users not 

the other way around; 

 have a strong grounding in business and technology; 

 have empathy towards the ones who do not yet share the vision of user 

centered design, but do not show a superior or demeaning attitude 

toward colleagues who do not share their views (Sherman, 2006). 

 

Rohn (2005) examined company cultures and their affect on usability 

investments: 

 ‘Customer-focused’ companies know and satisfy the needs of the 

customers as their important business strategy. Usability practitioners 

have easy access to users.  

 ‘Product-focused’ companies have the strategy of focusing on product 

requirements. Functionality has higher priority than usability, which is 

a disadvantage for usability.  

 ‘Technology-focused’ companies are ruled by technological advances 

and focus on applications for the technology. The disadvantage is that 

users are not a focus of attention, meaning that usability is usually 

neglected in organizations with technology-focused culture.  

 ‘Executive-focused’ companies are dominated by the founder, CEO, or 

other key managers. For ‘executive-focused’ companies having 

executives not favoring usability, it is firm for the usability 

practitioners to warrant a usability investment.  

 ‘Optimal data-driven’ companies focus on data-driven decision 

making. Product requirements are determined by field studies, usability 

studies, market research, surveys, Web metrics, and many more similar 

data gathering methods.  

 

According to Rohn (2005), “data-driven companies would be an ideal 

environment for usability practitioners” (p. 186).   
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Usability has to be cost justified in an economically valid and reliable base to 

cope with the negative perspectives against usability investments in different work 

environments. Next section explains how usability has been cost justified. 

 

Cost Justification of Usability 

According to survey results (Harrison, Henneman, and Blatt, 1994), 62% of 

people are convinced of the value of user centered design by testimonials, case stories, 

and demonstrated results, 23% by support from customers, management, and outside 

companies, and only 15% by cost-benefit analysis. Even though survey results showed 

that cost-benefit analysis was not a primary method to influence people of the value of 

user centered design, 54% of the participants in the same survey believed that cost-

benefit analysis would be convincing if in-depth information about how the model 

worked and the assumptions and data used would be provided (Harrison et. al., 1994, 

p. 233). Even though it is not a primary convincing factor, cost-benefit analysis is the 

main tool used by usability researchers to cost-justify usability in the literature. 

Management looks for quantified cost and benefit figures for all investment 

alternatives. “The cost-benefit analysis is a method of analyzing projects for 

investment justification (Karat, 1994, p. 52)”. The method has the following steps 

(Nas, 1996, p. 60): 

 Identification of relevant costs and benefits, 

 Measurement of costs and benefits, 

 Comparison of cost and benefit streams accruing during the lifetime of 

the project, 

 Project selection 

 

Donahue (2001) listed the steps of cost-benefit analysis for usability as (p. 1): 

 Selecting a usability technique, 

 Determining the proper unit of measurement, 

 Making a rational assumption about the benefit’s magnitude, 

 Translating the estimated benefit into a monetary figure. 
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Considering these steps, it can be stated that cost-benefit analysis is performed 

to cost justify usability by estimating the costs and benefits of usability activities and 

comparing against the costs of not performing any usability activities. The step where 

usability investment is compared against other investment alternatives is done by 

either simple or sophisticated techniques. Karat (1994) recommended benefit-cost 

ratio and payback period as simple techniques. Benefit-cost ratio is found by dividing 

the total benefits in the project lifetime by initial costs of usability (Karat, 1994). 

Payback period shows the time it takes to generate net cash flows to recover the initial 

costs of usability. Definitely, the shorter the payback period is the better investment 

alternative it is. Aydin, Millet, and Beruvides (2011) showed that cost benefit ratio is 

the mostly used financial metric in the cost justification of usability research domain. 

Simple techniques are easy to perform, but the major issue is that the time value of 

money is not considered in these techniques. Karat (1994) also recommended several 

sophisticated techniques with regards to usability cost justification. Two major 

techniques are net present value analysis and internal rate of return. Net present value 

is the present worth of the benefits minus the present value of the costs as formulated 

below. 

  

NPV= F1 (1/(1+i))
1
 + F2 (1/(1+i))

2 
+ F3 (1/(1+i))

3  
+………+ Fn (1/(1+i))

n  
- 

C 

Eq. 1 

Where; 

F= Future cash inflows, years 1 to n 

i= Discount rate 

n= Project lifetime  

C= Present value of costs 

 

On the other hand, internal rate of return is “the actual rate of return that an 

investment in a project brings if cash inflows and outflows are as projected” (Karat, 

1994, p. 63). It is calculated by finding the discount rate that makes NPV equal zero in 

equation 1. Trial and error method should be used until an approximate value for the 

discount rate can be found. Organizations have different rate of return expectations, 

thus if the internal rate of return of the usability investment is greater than their 
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expected rate, it can be stated that usability is a good investment for their case. Even 

though different researchers showed different methods for the justification of usability, 

the main concept followed is the cost-benefit analysis. The next section will provide 

these different methods, which are called usability cost justification models in the 

literature.   

 

Usability Cost Justification Models 

Majority of the models in cost justification of usability domain were gathered 

in a book by Bias and Mayhew in 1994. After that there were a few primary theories, 

yet most of the establishments were modification of those primary models to different 

business cases such as organization type. Each model will be explained by showing 

cost calculation and benefit estimation steps, and investment selection technique. The 

weak and strong points of the models will be listed as well.     

 

Mayhew and Mantei’s Analysis and  Later Updates 

Mayhew and Mantei (1994) introduced a basic framework for cost justifying 

usability engineering. The first part of the analysis is calculating the costs associated 

with usability. The model has the following stages for cost calculations: 

 Plan the usability engineering program to determine the ‘tasks’.  

 Identify the ‘usability techniques’ required to perform the tasks.  

 Further break the techniques down into required ‘steps’. 

 Break down the steps into ‘personnel hours and equipment costs’. 

The second part of their model is estimating benefits. The steps for estimating 

the benefits are as follows: 

 Select the best set of potential benefits depending on the audience. 

Table-2.10 to Table 2.14 show the benefits related with vendor 

companies and internal development organizations discussed by 

Mayhew and Mantei.  
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 Benefits are estimated based on the difference between the case that 

usability application is performed and the case that usability application 

does not exist.  

 For each potential benefit category, select a unit of measurement and 

estimate the magnitude of the benefit for this unit of measurement.  

 Multiply the estimated benefit per unit of measurement by the number 

of units.  

A critical point is deciding whether the benefit category is a one-time benefit 

or a benefit gained each year throughout the lifecycle of the project. This decision was 

suggested to be made according to the benefit category. For instance, ‘increased 

productivity’ is an annual benefit through the lifecycle of the projects, while 

‘decreased training’ benefits will be received only initially.  

The last stage is determining the return on investment. Their model justifies 

usability by subtracting costs from the benefits. There are some weak points in the 

model. 

 To justify usability, benefits for each year were summed for the 

lifetime of the project and subtracted from the initial costs. The time 

value of money was ignored.  

 Only initial costs were considered, yet there is no consideration of what 

other costs could be incurred in the lifetime of the project due to 

usability investment. 

On the other hand, the strong points of the model are: 

 A detailed cost analysis is provided, and it makes it easier to estimate 

costs since usability tasks are divided further into techniques, and steps.  

 Decreased user errors were considered as a benefit category.  

 They talked about the additivity of usability improvements. They 

claimed that the total impact of several usability improvements might 

be conservatively estimated to be somewhere between the largest 
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benefit of individual improvements and the direct sums of each benefits 

of improvements. Let us assume three different usability improvements 

were done; A, B, and C. The benefits gained from those improvements 

are; X, Y, and Z, respectively. Mayhew and Mantei argued that overall 

benefit from investing on A, B, and, C will be larger than the greatest 

of X, Y, and Z, but will be less than the sum of X, Y, and Z.   

 

Mayhew and Tremaine (2005) updated Mayhew and Mantei’s model 

framework by focusing on analysis parameters. They added a step where usability 

practitioners have to determine parameters for each specific project and case. 

Moreover, potential benefit categories for different types of web sites were introduced 

in this updated model. Table 2.9 shows potential benefit categories for E-commerce, 

advertising funded, product information, customer service, and intranet web sites.  
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Table 2.9- Potential Benefit Categories for Web Sites (Mayhew&Tremaine, 2005) 

 Web Site Type 

Benefits E-commerce 
Funded  by 

Advertising 

Product 

Information 

Customer 

Service 
Intranets 

Increased by-to-look 

ratios 

☆     

Decreased abandoned 

shopping carts 

☆     

Increased number of 

visits 

 ☆    

Increased return visits ☆ ☆    

Increased length of visits  ☆    

Decreased failed 

searches 

☆ ☆    

Decreased costs of other 

sales channels 

☆     

Decreased use of “call 

back” button (customer 

service) 

☆    ☆ 

Savings resulting from 

making changes in 

earlier development 

lifecycle 

☆ ☆ ☆ ☆ ☆ 

Increased “click through” 

on ads 

 ☆    

Increased sales leads   ☆   

Decreased costs of 

traditional customer 

service channels 

   ☆  

Decreased training costs     ☆ 

Increased user 

productivity 

    ☆ 

Decreased user errors     ☆ 

 

Donahue (2001) used the model Mayhew and Mantei (1994) suggested, and 

discussed additional benefit categories such as reduced documentation costs, litigation 

deterrence, increased e-commerce potential, competitive edge, advertising advantages, 

and better notices in the media. Donahue (2001) focused on the significance of starting 

the analysis with identifying the relevant benefits for audiences just as Mayhew and 
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Mantei (1994). For instance, development cost savings should be focused on rather 

than increased job satisfaction or higher productivity if the audience is development 

managers.   

Mayhew (2005) further extended their cost justification theory for international 

web sites. The costs are considered for a base country and an international country. 

The costs in the international country were expressed as differences relative to the 

base country. Analysis parameters vary based on the relevant country. For instance, 

customer support fully loaded hourly wages may be different for each country. 

Benefits are estimated as in their primary theory and a payback period analysis is 

suggested (Mayhew, 2005).  

Rajper, Shaikh, Shaikh, and Amin (2012) built a mathematical model for 

Mayhew and Tremaine’s analysis. It is not a novel addition to cost justification of 

usability research, as it is a direct modeling of the Mayhew and Tremaine’s work. The 

cost part was modeled as: 

           TotalUsabilityCost=              Eq. 2 

           Each Phase cost=             Eq. 3 

           Each Task cost=             Eq. 4 

          User cost= n×hrs× fully loaded wages Eq. 5 

Where; 

n is the number of each user type, and hrs is number of working hours. The benefit 

section was modeled as: 

          TotalPotentialBenefit= PB1 + PB2 + …..+PBz  

          Where; PB denotes potential benefit 

Eq. 6 

          PB= v1× v2×…..vp  

          Where; v denotes variables involved in any potential benefit. Cost 

justification part was modeled as: 

Eq. 7 

             UCJ=TPB – TUC Eq. 8 

          Where; UCJ=usability cost justification 

The benefit section of model is vague, as in certain cases variables might be 

added too, rather than solely multiplication.  

Another primary theory by Mayhew is the utilization of keystroke level 

modeling (KLM) to cost-justify usability. KLM is a cognitive modeling tool 

“involving identifying and counting all discrete human operations (physical, cognitive, 



Texas Tech University, Burchan Aydin, August 2014 

35 

 

and perceptual) that users must execute to perform a specific task on a user interface” 

(Mayhew, 2005, p. 465). Productivity gain is the measure used to justify usability by 

KLM. It is carried out as follows. First, high priority tasks are modeled on the existing 

and proposed application. Next, model predicted task times are compared to actual 

tasks times gathered by carrying out productivity tests with expert users. The model is 

refined according to these comparisons to decrease the error rate. The refined 

modeling technique is then re-applied. Afterwards, the predicted productivity changes 

of the proposed application relative to the existing application are compared with 

goals. If for some tasks goals are not achieved, the models for those tasks are analyzed 

in detail to suggest redesign directions. Finally, productivity tests are performed to 

measure actual productivity on the proposed application as a final validation of the 

productivity gain goals as well as of the model predictions (Mayhew 2005, p. 472). 

 

 Karat’s Analysis and Later Updates 

Karat (1994) proposed a model that initiates with determining human factors 

cost and benefit variables. In order to identify and quantify these variables, the 

following guidelines were suggested to be pursued: “(1) Relevant variables vary based 

on the focus of the product and the context of its use, (2) There exists differences in 

cost and benefit variables for internal and external products, (3) A draft cost and 

benefit analysis should be submitted to project team members with different 

backgrounds to get feedback” (p. 53). Once the variables are identified, second step is 

separating tangible and intangible costs and benefits. Tangible costs and benefits are 

considered for further calculations. Karat also suggested identifying costs and savings 

as initial or ongoing by year. Karat also suggested that usability laboratory costs may 

be allocated to each usability application depending on the number of usability tests to 

be conducted for a given period of time. Moreover, another alternative was to include 

equipment costs and laboratory costs in fully burdened wages as overhead expenses. 

Weak points in this model are: 
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 Cost calculation part of the model is not introduced in detail. Only costs 

of usability tasks are discussed. It does not help a novice usability 

practitioner how to calculate costs of usability.   

 Possible benefits for different audiences are not listed. 

Good points of Karat’s model are: 

 Sophisticated selection techniques are introduced; NPV and IRR.  

 The model recommends usability practitioners to communicate with 

various departments in the company to make reliable estimations of 

cost and benefit variables. 

 Karat was the pioneer researcher who related cost-benefit analyses to 

business cases. 

 Sustaining costs and projected raise in variables in the future are 

recommended to be considered.   

Karat (2005) introduced an updated cost-benefit analysis for cost justification, 

which was published in Bias and Mayhew’s (2005) second book. The secondary 

model differed in terms of benefit categories. Karat (2005) added increased sales or 

revenues resulting from increased completion rates on a website, and from repeat 

visits to a website. Increased completion rate is multiplied by value of increase in one 

percentage point in completion rate so as to find the financial benefit. To calculate the 

financial benefit from repeat customers, first average amount of current transaction on 

the site is found. Next, percent of target customers that make additional purchase if 

user experience is launched is found by field tests, and number of additional purchases 

target customers stated they would make if user experience is launched. Final step is 

determining the number of target customers for user experience and multiplying all 

these measures to determine the value of improvement in user experience. Other 

benefit categories increased user productivity and decreased personnel costs were the 

same for primary and secondary theories of Karat. 

Dray and Karat (1994) discussed usability cost justifying for internal 

development projects. The benefits of usability application suggested for internal 
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development projects were listed as; reduced training, reduced information 

organization time, reduced supervisory assistance and inspection, reduced service call 

lengths, and reduced transferred call costs. Dray and Karat used internal rate of return 

analysis for justifying usability for internal development projects. In a case study 

illustrated in their work (usability improvement for helpdesk system), an internal rate 

of return of 32% was found. They concluded that an IRR of 32% was a high return on 

investment and should warrant a decision favoring the usability application. 

  

 Ehrlich and Rohn’s Analysis and  Later Updates 

Ehrlich and Rohn (1994) analyzed cost justification of usability for ‘vendor 

companies’. A vendor company is a for-profit company selling products or services to 

obtain revenue (Ehrlich, Rohn, 1994, p. 74). In terms of costs of usability, Ehrlich and 

Rohn discussed initial costs and sustaining costs of usability for vendor companies, 

corporate customer, and end user. Differing from Karat (1994), Ehrlich and Rohn 

accounted lab construction and equipment costs as initial costs. The sustaining costs 

are listed as employees, contractors, videotapes, recruitment of participants, and 

upgrades to equipments. Benefits of usability to the vendor company are given as 

increased sales, reduced support costs, prioritized product requirements and reduced 

development costs. The good point on Ehrlich and Rohn’s analysis was the 

introduction of sustaining costs of usability investments. The weak point is that they 

did not explain or formulate how to calculate costs and estimate benefits even though 

they listed possible cost and benefit categories.  

Rohn (2005) extended on this analysis for vendor companies by differentiating 

business-to-business (B-to-B) products and business-to-consumer (B-to-C) products. 

B-to-B products can be cost justified in terms of productivity gains, whereas B-to-C 

products can be typically cost justified in terms of ease of learning. In addition to the 

benefits listed in pioneer analysis, Rohn (2005) included following benefits of 

usability for vendor companies: increased customer satisfaction and loyalty, increased 

customer references, increased favorable reviews. Moreover, increased productivity, 
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decreased training, decreased minor and major errors, decreased support, decreased 

development costs, decreased installation, configuration, and deployment costs, and 

decreased maintenance were listed as benefits for both the vendor company and the 

customers. The selection techniques suggested were benefit-cost ratio and payback 

period for the usability investment.  

 

 Bohmann’s Analysis 

 Bohmann (2000), influenced by a comment made by Jacob Nielsen, 

suggested a model to cost justify usability programs for websites. In the suggested 

model, first step is estimating saved user hours. 

 

Saved user hours per year = Users per year x Tasks per user x Estimated time 

savings per task 

Eq. 9 

 

The next step is predicting the economic effect of the time savings as follows; 

 

Economic effect of time savings = Saves user hours x User value per hour Eq. 10 

 

Finally, the economic impact of the usability evaluation is found by; 

 

Economic impact of usability evaluation = Total savings per year x Probability 

of improved results due to usability evaluation 

  

Eq.11 

 

Where; the probability of improved results is measured by the following 

equation. 

Probability of better results due to usability evaluation = P(successful design 

| usability evaluation) – P(successful design | NO usability evaluation) 

 

 

 

Eq. 12 
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Bevan’s Model 

Bevan (2000) proposed a model based on the Usability Maturity Model 

(UMM). The UMM is demonstrated in ‘ISO TR 18529 (2000)’ (as cited in Bevan 

2005, p. 578) as consisting of seven processes each of which containing base practices 

to involve users. Table-2.10 shows the UMM. 

 

Table 2.10- The Usability Maturity Model 

User-Centered Design Process Base Practices 

1. Ensure UCD content in system 

strategy 

1.1 Represent Stakeholders 

1.2 Collect market intelligence 

1.3 Define and plan system strategy 

1.4 Collect market feedback 

1.5 Analyze trends in users 

2. Plan and manage the UCD 

process 

2.1 Consult stakeholders 

2.2 Identify and plan user involvement 

2.3 Select human-centered methods and 

techniques 

2.4 Ensure a human-centered approach within 

the team 

2.5 Plan human-centered design activities 

2.6 Manage human-centered activities 

2.7 Champion human-centered approach 

2.8 Provide support for human-centered design 

3. Specify the stakeholder and 

organizational requirements 

3.1 Clarify and document system goals 

3.2 Analyze stakeholders 

3.3 Assess risk to stakeholders 

3.4 Define the use of the system 

3.5 Generate the stakeholder and organizational 

requirements 

3.6 Set quality in use objectives 

4. Understand and specify the 

context of use 

4.1 Identify and document user’s tasks 

4.2 Identify and document significant user 

attributes 

4.3 Identify and document organizational 

environment 

4.4 Identify and document technical 

environment 

4.5 Identify and document physical environment 
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Table 2.10- The Usability Maturity Model continued 

User-Centered Design Process Base Practices 

5. Produce design solutions 

5.1 Allocate functions 

5.2 Produce composite task model 

5.3 Explore system design 

5.4 Use existing knowledge to develop design 

solutions 

5.5 Specify system and use 

5.6 Develop prototypes 

5.7 Develop user training 

5.8 Develop user support 

6. Evaluate designs against 

requirements 

6.1 Specify and validate context of evaluation 

6.2 Evaluate early prototypes in order to define 

the requirements for the system 

6.3 Evaluate prototypes in order to improve the 

design 

6.4 Evaluate the system to check that the 

stakeholder and organizational requirements 

have been met 

6.5 Evaluate the system in order to check that 

the required practice has been followed 

6.6 Evaluate the system in use in order to ensure 

that it continues to meet organizational and 

user needs 

7. Introduce and operate the 

system 

7.1 Management of change 

7.2 Determine impact on organization and 

stakeholders 

7.3 Customization and local design 

7.4 Deliver user training 

7.5 Support users in planned activities 

7.6 Ensure conformance to workplace 

ergonomic legislation 

  

Bevan (2000) explained that usability should be customized depending on the 

project. In other words, the UMM should be customized by selecting the required 

UCD processes and the base practices to perform those processes. Afterwards, person-

days required to perform the base practices are found as follows; 
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Person days = (Preparation time x people) + (Application time x people)                

+ (Reporting time x people) 

 

        Eq. 13 

After person-days are calculated, it is multiplied by the daily rate to find the 

total labor cost. Moreover, other labor related costs are added such as laboratory hire 

or cost of the participant recruitment.  

 

                                                                Eq. 14 

 

The next step is estimating the benefits. The usability practitioner should 

determine the relevant benefits for the specific project and estimate them. Afterwards, 

Bevan (2000) suggested calculating a benefit-cost ratio to justify usability as a final 

step of his model.  

 

                                                             Eq. 15 

  

Bevan (2000) suggested a very detailed cost analysis, yet the benefits are 

solely based on estimations. There is no explanation or tool provided that would help 

usability practitioner estimate the potential benefits. Thus, by following Bevan’s 

model, usability practitioners have to make assumptions of possible benefits through 

their own judgments and experiences. 

In all these cost justification of usability analysis models, researchers provided 

potential benefits. The following section provides a collection of potential benefits of 

usability. 

Potential Benefits of Usability Investments 

Usability investments offer various types of benefits as proven by real cases in 

many industries. This section demonstrates benefit providers, benefit receivers, and 

benefit types for several organizational cases.  

Table-2.11 shows these measures for organizations that develop IT systems for 

internal use by implementing usability applications.  
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Table-2.12 represents benefit measures for organizations that develop their 

own websites, intranets, or extranets. 

Table-2.13 shows benefit measures for organizations that develop e-commerce 

sites, intranets, and extranets for external client organizations by investing on 

usability. 
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Table 2.11- Benefits for Organizations Developing IT Systems for Internal Use 

Organization 
Benefit 

Provider 

Benefit 

Receiver 
Benefit Types 

Organizations 

developing usable 

IT systems for 

internal use 

(Donahue et al., 

1999, Mayhew and 

Tremaine, 2005, 

Dray and Karat, 

1994, Mayhew and 

Mantei, 1994) 

Internal 

usability 

team 

Organization 

as a whole 

1. Faster learning  

2. Reduced task time  

3. Increased productivity 

4. Reduced employee errors 

5. Reduced staff turnover 

6. Reduce time spent by other staff 

providing assistance for users 

7. Reduced support and help line 

costs 

8. Reduced cost of training  

9. Reduced maintenance costs 

10. Reduced development time and 

cost 

11. Reduced call length 

12. Reduced transfer call costs 

Development 

team 

1. Increasing Productivity 

 Less rework 

 Early detection and prevention 

of usability problems 

 Reducing development time 

 Fewer maintenance requirements 

2. Increasing job satisfaction 

Support Staff 

1. Increasing Productivity 

 Less or no need for training 

 Fewer support calls received 

 Time to focus on productive 

tasks 

2. Increasing job satisfaction 

Users of IT 

systems in 

these 

organizations 

1. Increasing Productivity 

 Less or no need for training 

 Need for fewer support calls  

 Decreasing error rates 

 Decreasing task times 

2. Increasing job satisfaction 
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Table 2.12- Benefits for Organizations Developing their Websites, Intranets, or 

Extranets 

Organization 
Benefit 

Provider 

Benefit 

Receiver 
Benefit Types 

Organizations 

developing 

their 

websites, 

intranets, and 

extranets with 

usability 

(Donahue et 

al., 1999, 

Karat, 1994) 

Usability 

team in the 

development 

organization 

Development 

organization 

as a whole 

1. Reduced development costs 

2. Reduced support costs 

3. Reduced training costs 

4. Reduced maintenance costs 

5. Reduced development time 

6. Reduced employee turnover 

7. Decreased litigation risk 

8. Improved reputation 

9. Increased sales and business with 

client organizations 

Usability 

team in the 

development 

organization 

 

 

 

Development 

team 

1. Increased productivity 

 Early detection and prevention of 

usability problems 

 Reduced development time 

 Less rework 

2. Increased job satisfaction 

Usability 

team in the 

development 

organization 

Internal users 

of the 

websites and 

intranets in 

these 

organizations 

1. Increased productivity 

 Decreased time to find information 

 Decreased task time 

 Less need for calling for support 

 Decreased error 

 Less need for training 

2. Increased job satisfaction 

Development 

organization 

External 

client 

organizations 

accessing 

extranets of 

these 

organizations 

1. Satisfaction with extranet 

2. Improved efficiency 

 Decreased task times 

 Decreased error rates 

3. Reduced turnover 

4. Decreased support costs 

5. Decreased training costs 

Development 

organization 

External 

users of their 

website 

(public) 

1. Increased productivity 

 Decreased time to find information 

 Less need to make support calls 

2. Increased job satisfaction 
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Table 2.13-Organizations Developing E-commerce, Intranet or Extranet for External 

Parties 

Organization 
Benefit 

Provider 

Benefit 

Receiver 
Benefit Types 

Organizations 

developing e-

commerce 

sites, 

intranets, and 

extranets for 

external 

client 

organizations 

(Donahue et 

al., 1999, 

Ehrlich and 

Rohn, 1994, 

Karat, 1994, 

Rohn, 2005, 

Bevan, 2000) 

Usability 

team in 

development 

organization 

Development 

organization 

as a whole 

1. Reduced development costs 

2. Reduced support costs 

3. Reduced training costs 

4. Reduced maintenance costs 

5. Reduced development time 

6. Reduced employee turnover 

7. Decreased litigation risk 

8. Improved reputation 

9. Increased sales and further business 

with client organizations 

Usability 

team in the 

development 

organization 

Development 

team in the 

development 

organization 

1. Increased productivity 

 Early detection and prevention of 

usability problems 

 Reduced development time 

 Less rework 

2. Increased job satisfaction 

Development 

organization 

Client 

organization 

for which 

website is 

developed 

1. Improved marketing and advertising 

value 

 Increased chance of new business 

 Improved reputation 

2. Decreased litigation risk 

Development 

organization 

Client 

organization 

for which 

Intranet is 

developed 

1. Increased productivity 

 Decreased task times 

 Decreased error rates 

2. Less training costs 

3. Less support costs 

4. Increased employee job satisfaction 

 Reduced employee turnover 

Development 

organization 

Client 

organization 

for which e-

commerce or 

extranets are 

developed 

1. Increased sales 

 Increased new and returning 

customers 

 Increased referrals from customers 

2. Better customer relations 

3. Advertising value 

4. Decreased litigation risk 

5. Increased buy-to-look ratios 

6. Decreased abandoned shopping carts 

7. Decreased failed searches 
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Table 2.13-Benefits for Organizations Developing E-commerce, Intranet or Extranet 

for External Parties Continued… 

Organization 
Benefit 

Provider 

Benefit 

Receiver 
Benefit Types 

Organizations 

developing e-

commerce 

sites, 

intranets, and 

extranets for 

external 

client 

organizations 

(Donahue et 

al., 1999, 

Ehrlich and 

Rohn, 1994, 

Karat, 1994, 

Rohn, 2005, 

Bevan, 2000) 

Development 

organization 

Users within 

these client 

organizations 

1. Increased productivity 

 Decreased time to find 

information

 Decreased task time

 Less need for calling for support

 Decreased error rate

 Less need for training

2. Increased job satisfaction 

Client 

organization 

Public users 

of the sites 

of these 

client 

organizations 

1. Satisfaction with the site 

2. Ease of learning 

3. Decreased task times 

4. Increased completion rates 

5. Decreased failure rates 
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Table-2.14 demonstrates the benefit measures for organizations developing 

commercial software by investing on usability.  

 

Table 2.14-Benefits for Organizations Developing Commercial Software 

Organization 
Benefit 

Provider 

Benefit 

Receiver 
Benefit Types 

Organizations 

developing 

commercial 

software with 

usability (Donahue 

et al., 1994, Karat, 

1994, Ehrlich and 

Rohn, 1994) 

Usability 

teams in the 

development 

organization 

Organization 

as a whole 

1. Reduced development costs 

2. Reduced support costs 

3. Reduced training costs 

4. Reduced maintenance costs 

5. Reduced development time 

6. Reduced employee turnover 

7. Decreased litigation risk 

8. Improved reputation 

9. Increased sales and further 

business with client 

organizations 

10. Advertising value 

Development 

organization 

Organizations 

purchasing 

commercial 

software for 

internal use 

1. Reduced support and 

training costs 

2. Reduced training 

3. Reduced support costs 

4. Increased employee 

satisfaction 

 Reduced employee turnover 

Development 

organization 

Users in the 

purchasing 

organizations 

and public 

users of the 

software 

1. Reduced learning time 

2. Decreased task times 

3. Decreased error rates 

4. Increased job satisfaction 

5. Less need for training 

6. Less need for calling for 

support 
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Table-2.15 shows the benefit measures for vendor companies that purchase 

usable products to sell. 

 

Table 2.15-Benefits for Vendor Companies 

Organization 
Benefit 

Provider 

Benefit 

Receiver 
Benefit Types 

Organizations 

purchasing 

usable software 

to sell (Vendor 

companies) 

(Ehrlich and 

Rohn, 1994, 

Rohn, 2005, 

Mayhew and 

Mantei, 1994) 

Organizations 

that produce 

the usable 

software 

Vendor 

company 

1. Increased sales 

2. Increased customer 

satisfaction and loyalty 

3. Increased customer 

references 

4. Increased favorable reviews 

5. Increased productivity of 

own employees 

6. Decreased internal training 

7. Decreased own employees’ 

errors 

8. Reduced support costs 

9. Reduced development costs 

10. Decreased installation, 

configuration, and 

deployment costs 

11. Decreased maintenance costs 

 

 

Having listed all potential benefits for different organizational cases, why these 

benefits can be achieved will be explained next.  

Usability investment may increase revenues because of providing product or 

service satisfaction. Revenues can be maximized by attracting new customers and 

being able to keep current customers by providing usable product or service (Bias and 

Mayhew, 2005). “Satisfied customers influence four other people to buy the same 

brand or to use the same service, while dissatisfied customers influence ten other 

people to avoid the product or service” (Bias and Mayhew, 2005, p. 203). Moreover, 

The U.S Better Business Bureau (as cited in Bias and Mayhew, 2005) estimates that 

for every 100 customers that are dissatisfied with a site, 50 will tell 8 to 16 other 
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people about their bad experiences (p. 203). Suggestions from previous users of a 

product or site are certainly important purchase decision factors for first time users.  

Usability decreases errors made by user in any user interface, and eliminates 

catastrophic errors. User interfaces lacking usability was a curious factor in the Three 

Mile Island accident. Three Mile Island accident was the result of engineers lacking 

information about an open valve because of a poorly designed interface (Rhodes, 

2001). The key reason why users tend to make fewer errors is that the interface is 

designed to prevent errors as a requirement of usability principles. Evidently, users 

will make fewer errors on an interface designed to prevent errors compared against an 

interface designed without any usability effort.  

Usability decreases task completion times, because the interface is designed so 

as to minimize the steps to reach the completion and to optimize the menu structures 

for ease of use. Since the interface is easier to understand, training time will be less or 

in some cases no training will be needed.   

Usability decreases maintenance and development costs. In the development 

stage of a product life cycle, it is easy to detect potential usability problems and to 

eliminate them. If a product is released without any usability efforts, customers will 

usability-test the system and dissatisfied customer population will force the company 

to make changes to the product in the post-release stage of the product life cycle. 

These are called late design changes in usability research domain. Boehm (1981) 

estimated that fixing usability problems in the maintenance phase is 100 times more 

expensive than fixing the same problems in the requirements phase. Moreover, 

Pressman (1992) estimated that if making changes in definition phase costs 1, it costs 

1.5-6 times more in development phase, and 60-100 times more after product release. 

Thus, implementing usability applications in the development stage decreases 

maintenance and development costs.  Usability decreases development time as well. 

Development time decreases because of the fact that a product with only relevant 

functionality (minimalist design) is designed. This eliminates time wasting because of 

designing irrelevant functions for the product (Bevan, 2005).  



Texas Tech University, Burchan Aydin, August 2014 

50 

 

Usability decreases support costs as users need less help to figure out how to 

use the product. Users can learn easily how to process relevant tasks without calling 

the customer service, which in turn help companies save significant amount of support 

costs. 

Usability practitioners, depending on their organization, can refer to the above 

tables that represent potential benefits to use in cost justification of usability. The costs 

of usability, on the other hand, will be explained in the next section.  

 

Potential Costs of Usability 

This dissertation focuses on the benefit part of the usability cost justification, 

because of the fact that there are already various sources to help calculate costs 

associated with usability investments. The difficult part of the justification is certainly 

the benefit estimations, which is the key reason why the focus of the dissertation was 

selected to be the benefit part. However, a brief review of costs of usability is provided 

in this section. 

Total cost of usability changes depending on the usability tasks, techniques, 

and steps selected for each specific project. Usability practitioners can easily calculate 

costs depending on labor and material needed to accomplish those steps. Table-2.16 

shows main costs of usability.  
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Table 2.16- Costs of Usability 

Initial Costs of Usability Sustaining Costs 

Laboratory construction, video and audio 

equipment, tools, furniture, products, 

labor (Rohn, 2005, Mayhew and Mantei, 

1994) 

 

Employees, contractors, recruitment of 

and compensation for participants, travel 

for field studies, videotapes or digital 

storage, equipment maintenance, 

upgrades to video and audio equipment, 

computer equipment, and software. 

(Rohn, 2005, Bias and Mayhew, 2005) 

 

 

Theoretical Model 

Usability benefits were collected via a thorough literature review. Pareto 

analysis helped in determining the significant benefits of usability for further analysis; 

increased sales, decreased error rate, decreased task time, decreased training time, and 

increased website traffic. Distributions were found for sample data for these five 

variables. By creating sufficient amounts of bootstrap samples, population descriptive 

statistics were estimated. The sample means of the lower quantiles of the bootstrap 

samples from this analysis were picked as target values for the second research in a 

goal programming model. This goal programming model helps usability practitioners 

assign preferred weights on these variables depending on their company expectations 

from usability investments. Third research was planned to focus on the interaction 

models of the goal programming models developed in the second research. Quantile 

regression was utilized on related variables to determine the relationship sensitivity.  
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CHAPTER III 

RESEARCH I: A METHODOLOGY FOR DATA 

COLLECTION AND ANALYSIS TO ASSIST COST 

JUSTIFICATION OF USABILITY 

 

This research is a data collection and analysis effort for cost justification of 

usability research domain. It is a complete literature review with data tables that show 

entire list of increased benefits and reduced costs achieved by usability investments in 

software industry. Not only does it shows the entire list of the types of gains through 

better software usability, but also provides the numerical values for most of them. The 

most significant usability gains were selected via Pareto charts analysis. Distributions 

of these significant benefits were determined. Moreover, the dependencies between 

these significant benefits were modeled. Finally, samples in the data tables for the 

significant gains were resampled by utilizing bootstrap sampling method, and lower 

quantiles of the bootstrap samples were gathered.  

 

 

 

 

 

 

This paper will be submitted to the Journal of Human-Computer Interaction. 
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A Methodology for Data Collection and Analysis to Assist Cost Justification of 

Usability 

Abstract 

Usability investments help companies increase benefits and reduce costs. 

There are many categories of increased benefits and reduced costs mentioned in the 

cost justification literature. It is hard for usability practitioners to justify usability 

through all these categories. This paper examines the significant gains from usability 

that practitioners should focus on based on their company. These can be listed as: (1) 

increased sales (2) reduced error rates, (3) reduced task times, and (4) increased traffic 

on website. The study involves literature review, Pareto analysis, distribution fitting 

and bootstrap sampling.  

 

Introduction 

Usability might be perceived as ‘ease of use’, yet it is well beyond this short 

definition (Qusenbery, 2001). According to ISO 9241-11 guidelines, it is “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” (1998, p. 2). 

Thus, according to the ISO standards, the three main factors that should be considered 

in order to design for usability are: effectiveness, efficiency, and user satisfaction. 

Effectiveness is “the accuracy and completeness with which users achieve specified 

goals”, whereas efficiency is “the use of resources in relation to the accuracy and 

completeness with which users achieve goals” (ISO 9241-11, 1998, p. 2). Common 

effectiveness metrics are task completion rates and error rates. On the other hand, 

efficiency is usually measured by time on task and task flow deviation. Task flow 

deviation is “the ratio of the optimal number of steps to complete a task to the average 

number of steps to complete the task” (Sherman, 2006, p. 22). A definition in terms of 

efficiency factor is provided by Porat and Tractinsky (2012) as: “Usability work is a 

focus on the design and evaluation of activities in order to aid users accomplish the 
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intended tasks efficiently”. User satisfaction is “the freedom from discomfort, and 

positive attitudes towards the use of the product” (ISO 9241-11, 1998, p. 2).  

In the software industry, usability is a measure of how well a software program 

facilitates user learning, helps users remember what they have learned, reduces error 

rates, increases efficiency and effectiveness, and how much users are satisfied with the 

software (Donahue, Weinschenk, & Nowicki, 1999). Usability not only benefits the 

end users of the software, but also the developers, the companies they work for, and 

the vendors (Donahue, 2001). Marcus (2005) listed the return on investment of 

usability for software internally used as: (1) increased user productivity, (2) decreased 

user errors, (3) decreased training costs, (4) decreased development costs, and (5) 

decreased user support costs. Moreover, returns on investment of usability for 

externally sold software are listed as: (1) increased sales, (2) decreased customer 

support costs, (3) savings gained from making changes earlier in the development life 

cycle, and (4) reduced cost of training offered through vendor company (Marcus, 

2005).  

Investment costs are inevitable. The key point is to validate the investment 

with the profits gained. Harrison, Henneman, and Blatt (1994) conducted a survey 

with results indicating that 62% of people are convinced of the value of user centered 

design by testimonials, case stories, and demonstrated results, 23% by support from 

customers, management, and outside companies, and only 15% by cost-benefit 

analysis. Even though survey results showed that cost-benefit analysis was not a 

primary method to influence people of the value of user centered design, 54% of the 

participants in the same survey believed that cost-benefit analysis would be 

convincing if in-depth information about how the model worked and the assumptions 

and data used would be provided (Harrison et. al., 1994, p. 233). Even though it is not 

a primary convincing factor, cost-benefit analysis is the main tool used by usability 

researchers to cost-justify usability in the literature. Management looks for quantified 

cost and benefit figures for all investment alternatives. “The cost-benefit analysis is a 
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method of analyzing projects for investment justification (Karat, 1994, p. 52)”. The 

method has the following steps (Nas, 1996, p. 60): 

• Identification of relevant costs and benefits, 

• Measurement of costs and benefits, 

• Comparison of cost and benefit streams accruing during the 

lifetime of the project, 

• Project selection 

 

Donahue (2001) listed the steps of cost-benefit analysis for usability as (p. 1): 

Selecting a usability technique, determining the proper unit of measurement, making a 

rational assumption about the benefit’s magnitude, and translating the estimated 

benefit into a monetary figure. Considering these steps, it can be stated that cost-

benefit analysis is performed to cost justify usability by estimating the costs and 

benefits of usability activities and comparing against the costs of not performing any 

usability activities. 

Justification of usability investment has been a major part of the usability 

research domain during dot.com era, yet there has been a declining trend in usability 

justification model development lately (Aydin, Millet, & Beruvides, 2011). Majority 

of the models in cost justification of usability domain were gathered in a book by Bias 

and Mayhew in 1994. After that there were a few primary theories, yet most of the 

establishments were modification of those primary models to different business cases 

such as organization type. This research study is a much needed re-focus on the cost 

justification of usability. Existing cost justification models are based on many 

assumptions. Currently, there is no study that provides reliable numerical ranges for 

these assumptions. However, it is crucial that usability practitioners show reliable 

numbers to decision makers to promote usability investments. How much increase or 

decrease may happen in any performance measure after usability investments is not 

apparent. Therefore, it is assigned to the usability practitioner to make assumptions on 

the magnitude of the usability benefits. The accuracy of these assumptions depends 

mainly on the consistency of usability practitioner or researcher. Consistency in 

usability testing endeavors is a major problem as reported in Vermeeren et. al., 2008. 



Texas Tech University, Burchan Aydin, August 2014 

56 

 

For instance, a variation of 37% to 72% has been detected on within-team consistency, 

which indicates considerable subjectivity (Vermeeren et. al., 2008).This paper will 

provide a tool for usability practitioners to better evaluate possible changes in sales, 

traffic rate, error rates of users, task times, and relationships of those variables. The 

main objective of this study is to build foundations for modeling usability benefits. 

The results of the study shall be used for developing optimization models for those 

benefits. 

Methods 

The methods used to accomplish this study are a thorough literature review for 

data collection, State-of-the-Art Matrix analysis, Pareto analysis, distribution analysis, 

bootstrap resampling, and regression modeling. These methods are illustrated in this 

section. 

Data Collection 

In this research, a quantitative research methodology was used and data 

collection is held through a complete literature review.  Types of data are percentages. 

Thus, data fall into ratio scale of measurement. The steps of the methodology used for 

data collection can be listed as follows. 

1. A fairly extensive literature search for relevant studies was conducted 

through professional journals, using online databases to identify studies 

addressing the topic 

2. Each study’s results are converted to a common statistical index in order to 

ensure data comparability between studies. 

 

The first point in the list has been established by a literature review via online 

databases, and electronic journals. A State-of-the-Art Matrix Analysis technique for 

literature review was conducted to assist in the data collection of the research articles 

surveyed (Beruvides and Omachonu, 2001). See also Tolk, Cantu, and Beruvides 

(2013); Ng et al. (2012); and Sumanth, Omachonu, and Beruvides (1990) for further 

examples of this literature review technique. The second point was fulfilled by 

selecting the studies that includes a numeric data as a result of any usability 
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improvement, and a common index was picked as ‘percentage changes in usability 

benefits’ as a result of usability improvement.  

A total of 135 studies including hypothetical and real world cases were 

explored with a total of 385 data points. The total percentage data available is 156. 

Any data point, which is out of the range of 3 standard deviations below or above the 

mean, was accounted as an outlier. There were two outliers detected for increased 

sales category. The results with and without outliers are both provided in results 

section. Table-3.1 shows the number of hypothetical versus real data gathered for 

usability benefits.  

 

Table 3.1- Number of Hypothetical and Real Data 

Benefit Hypothetical Real Total 

Increased sales 4 44 48 

Decreased task time 2 39 41 

Decreased error rate 4 30 34 

Increased website traffic 0 19 19 

Decreased training time 7 7 14 

 

 

First of all, usability benefit types mentioned in the literature were collected. 

The mostly mentioned benefit was found as increased sales. See Figure 3.1 for the 

Pareto chart of usability benefits mentioned in the literature.  

The results indicated that increased sales, decreased task times, reduced 

maintenance and support costs, increased user satisfaction and loyalty, decreased 

errors, reduced training costs, reduced development costs, increase in website traffic, 

and increased completion rates were the usability benefits that are mostly mentioned 

in the literature.  
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Figure 3.1 - Pareto Analysis for Usability Benefits Mentioned in the Literature  
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The next step was gathering the numerical data in these studies. Increased sales 

category was found to be the benefit with most numeric data availability. See Figure 

3.2 for Pareto Analysis for numerical data availability of usability benefits. 

 

 

Figure 3.2- Pareto Chart for Numeric Data Availability 
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According to numeric data availability Pareto, increased sales, decreased task 

time, completion rate, increase in traffic, reduced maintenance and support costs, 

decreased error rates, and reduced training are the significant benefits. 

The problem at this point was that there were differences in terms of unit of 

measurements in between studies for the same benefit types. For instance, in some 

cases the values of a benefit before and after usability improvements were not 

provided. Only data available was how many more units sold after usability 

improvement, or how many less errors were made after usability improvement (for 

example, 1 error per day is eliminated with usability improvement, Mayhew and 

Tremaine, 2005). On the other hand, majority of the studies provided percentage 

changes in a benefit type before and after usability improvement (for example, error 

rates decreased by 2.5%, Mantei and Teorey, 1988). In order to have comparable data, 

the studies providing percentage change data were selected, and another Pareto 

Analysis was made to determine benefit types with sufficient data for statistical 

purposes. Another key reason for selecting percentages as the common index point 

was that it helped address the issue of different cost basis in different studies. The 

costs in each study were most likely different, but by taking benefit percentages; costs 

were accounted relatively equal. Furthermore, there were many benefit categories that 

could be grouped together due to similarity. First, decreased error rate, decreased 

failure rate, and increased completion rates were grouped. The values for increased 

completion rates were reversed to count as decreased error rate. Next, user satisfaction 

and loyalty, reduced employee turnover, and purchasing experience were grouped 

since user satisfaction is the key point for employee turnover, and purchasing 

experience. Considering these grouped components, a final Pareto analysis was 

conducted to conclude the variables to be evaluated. Figure 3.3 shows the Pareto 

Analysis with the final usability benefits list. 
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Figure 3.3- Pareto Chart for Percentages Data 
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According to the final Pareto chart, the usability benefits to be focused in this 

research are decided to be increased sales, decreased task time, decreased error rate, 

increase in traffic and decrease in training time. The rest of the usability benefits are 

saved for future research endeavor due to current data unavailability. There are very 

important benefit categories such as reduced maintenance and support cost and 

reduced development time etc, that will be investigated in future studies. 

 It should be noted here that training time reduction data do not involve 

reduced learning time data. Training is producing a motivated user who has the 

essential skills needed to apply what has been learned and then to continue to learn on 

the job (Compeau, Olfman, Sei, and Webster, 1995). It is about the training that 

companies offer for their employees for ease of usage of companywide software. On 

the other hand, a general definition of learning is: “the process by which an activity 

originates or is changed through reacting to an encountered situation, provided that the 

characteristics of the change in activity cannot be explained on the basis of native 

response tendencies, maturation, or temporary states of the organism (e.g., fatigue, 

drugs, etc) (Hilgard and Bower, 1966, p. 2)”. Reduced learning time is another 

usability benefit that is out of scope of this dissertation as a result of insufficient data 

as can be seen in Figure 3.3.   

Sample Distributions 

Hypothetical data were eliminated from statistical analysis. Distributions of the 

usability benefit data samples (with only real data) were found by ARENA input 

analyzer module. The best fitting distribution is picked as the sample distribution, 

which is an estimate of the population distribution function. Arena performs the Chi-

squared and Kolmogorov-Smirnov goodness-of-fit tests for distribution fitting. The 

null hypothesis for the test is that the data follows the chosen distribution. Therefore, 

failing to reject the hypothesis means accepting the fitted distribution. It is not 

suggested to use the Chi-Square test for ratios and percentages. Moreover, the 

Kolmogorov test is preferred over Chi-Square test if the sample size is small. Thus, 

only the result of the Kolmogorov-Smirnov test will be taken into consideration. 
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Arena also provides p-values which are the type-1 error levels. A large p value 

indicates a lack of evidence to reject the null hypothesis.  

Two-way Interactions 

Selected usability benefits were checked for any correlation by Spearman’s 

Rho non-parametric test. The correlated variables were further analyzed by using MS 

Excel Data Analysis module and R statistical software. Two way interaction models 

were found for those variables with significant interaction. Three-way and four-way 

interactions were omitted due to data limitations. 

Bootstrap  

The bootstrap method was introduced by Efron (1979). It is a method to 

generalize a sample statistic to the parent population in a scientific approach (Singh 

and Xie, 2008). It helps gathering information cheaply and in a timely fashion. The 

sample data is used as a surrogate population, and a large number of samples of same 

size are resampled from the sample data. These large numbers of samples are named 

bootstrap samples. The sample statistic is then determined for each bootstrap sample, 

and histogram of this set of computed statistics is the bootstrap distribution of the 

statistic (Singh et al., 2008). The bootstrap distributions for lower quartiles of selected 

usability benefits were found in this study. The details of the method will be illustrated 

in the results section. 

Next section demonstrates the results of distribution, interaction, and bootstrap 

analyses’ results.  

Results and Discussion 

Distribution Results 

Weibull distribution fits the ‘percentage increase in sales’ sample without any 

outliers data. However, exponential distribution also fits the data very good, which is 

expected as exponential distribution is a subset of Weibull. A decision was made here 

to assume exponential distribution. The square error for Weibull fit is 0.00156, 
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whereas 0.00225 for exponential fit. See Table 3.2 for the ARENA input analyzer 

solution for increased sales sample without outliers in data table. 

 

Table 3.2 Increased Sales Distribution Fitting, Outliers Excluded 

Distribution 

Summary 

Distribution Exponential   

Expression "-0.001 + EXPO(1.38)" 

Square Error 0.002253 

Kolmogorov-

Smirnov Test 

  Test Statistic 0.12 

  Corresponding p-value > 0.15 

Data Summary 

Number of Data Points 44 

Min Data Value 0 

Max Data Value 9 

Sample Mean 1.38 

Sample Std Dev 1.86 

Histogram 

Summary 

Histogram Range  -0.001 to 9 

Number of Intervals 6 

 

See Table 3.3 for the ARENA input analyzer solution for increased sales 

sample with outliers in data table. 

 

Table 3.3 Increased Sales Distribution Fitting with outliers 

Distribution 

Summary 

Distribution Weibull   

Expression "-0.001 + WEIB(1.71, 0.596)" 

Square Error 0.002920 

Kolmogorov-

Smirnov Test 

  Test Statistic 0.144 

  Corresponding p-value > 0.15 

Data Summary 

Number of Data Points 46 

Min Data Value 0 

Max Data Value 46.2 

Sample Mean 3.04 

Sample Std Dev 8.2 

Histogram 

Summary 

Histogram Range  -0.001 to 47 

Number of Intervals 6 
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The next best fitting distribution is exponential distribution however 

Kolmogorov-Smirnov test p-value is less than 0.01, therefore we reject the null 

hypothesis that exponential model fits data. Thus, when the outliers exist in data, 

increased sales followed a Weibull distribution as provided in Table 3.4. 

Next, beta distribution fits the ‘percentage decrease of task time’ sample data. 

See Table 3.4 for ARENA input analyzer results. 

 

Table 3.4 Decreased Task Time Distribution Fitting 

Distribution 

Summary 

Distribution Beta   

Expression BETA(1.17, 1.4094) 

Square Error 0.015179 

Kolmogorov-

Smirnov Test 

  Test Statistic 0.077 

  Corresponding p-value > 0.15 

Data Summary 

Number of Data Points 39 

Min Data Value 0.04 

Max Data Value 0.98 

Sample Mean 0.453 

Sample Std Dev 0.263 

Histogram 

Summary 

Histogram Range 0 to 1 

Number of Intervals 6 

 

Beta distribution fits the ‘percentage decrease of error rate’ sample data. See 

Table 3.5 for ARENA input analyzer results. 
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Table 3.5 Decreased Error Rate Distribution Fitting 

Distribution 

Summary 

Distribution Beta   

Expression 1 * BETA(1.58, 0.913) 

Square Error 0.013359 

Kolmogorov-

Smirnov Test 

  Test Statistic 0.171 

  Corresponding p-value > 0.15 

Data Summary 

Number of Data Points 30 

Min Data Value 0.09 

Max Data Value 1 

Sample Mean 0.645 

Sample Std Dev 0.266 

Histogram 

Summary 

Histogram Range 0 to 1 

Number of Intervals 5 

  

On the other hand, gamma distribution fits the ‘increased traffic time’ sample 

data. See Table 3.6 for distribution summary retrieved from ARENA input analyzer. 

 

Table 3.6 Increased Traffic Rate Distribution Fitting 

Distribution 

Summary 

Distribution Gamma   

Expression GAMM(1.18, 1.04) 

Square Error 0.009704 

Kolmogorov-

Smirnov Test 

  Test Statistic 0.104 

  Corresponding p-value > 0.15 

Data Summary 

Number of Data Points 19 

Min Data Value 0.06 

Max Data Value 4.54 

Sample Mean 1.23 

Sample Std Dev 1.27 

Histogram 

Summary 

Histogram Range 0 to 4.99 

Number of Intervals 5 

 

Finally, triangular distribution fits the 'decreased training time' sample data as 

summarized in Table 3.7. 
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Table 3.7-Decreased Training Time Distribution Fitting 

Distribution 

Summary 

Distribution Triangular   

Expression TRIA(0.17, 0.918, 1) 

Square Error 0.167297 

Kolmogorov-

Smirnov Test 

  Test Statistic 0.558 

  Corresponding p-value 0.0164 

Data Summary 

Number of Data Points 7 

Min Data Value 0.25 

Max Data Value 1 

Sample Mean 0.787 

Sample Std Dev 0.302 

Histogram 

Summary 

Histogram Range 0.17 to 1 

Number of Intervals 5 

 

It should be noted that even though the best fit is triangular distribution, 

Kolmogorov-Smirnov test result indicates that it is not a good fit. The null hypothesis 

is rejected. . 

 

Two-way Interactions 

Spearman’s rho test was used to determine existence of any two way 

interactions. Increased sales and traffic was found to have a dependency. Moreover, 

decreased error rate and decreased task time was detected to have dependency. Rest of 

the two way interactions were detected to be insignificant. Training time is not 

correlated with any other variables, thus is removed from further analysis. 

 

o Test Statistics for Sales and Traffic: Spearman’s Rho=1 (Positive 

Correlation) 

Hypothesis: 

H01: S and Tf are mutually independent 

H11: There is either a tendency for larger values of Tf to be paired with larger values 

of S, or there is a tendency for smaller values of Tf to be paired with larger values of 

S. 
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Two-tailed test 

Decision Criteria: Reject Ho at the level of alpha equals 0.05, if absolute value of 

Sperman’s Rho is greater than its 1-alpha/2 quantile. This value is 0.8 as given in 

Quantiles of Sperman’s rho table in Conover, 2007. 

Spearman’s Rho=1>0.8 

Thus, we reject the null hypothesis at a significance level of 0.95. There is a 

significant positive correlation between increased sales and traffic rate. 

 

o Test Statistics for Error rate and task time: Spearman’s Rho=0.95 

Hypothesis: 

H01: ER and TaT are mutually independent 

H11: There is either a tendency for larger values of TaT to be paired with larger 

values of ER, or there is a tendency for smaller values of TaT to be paired with larger 

values of ER. 

 

Two-tailed test 

Decision Criteria: Reject Ho at the level of alpha equals 0.05, if absolute value of 

Sperman’s Rho is greater than its 1-alpha/2 quantile. This value is again 0.8 as given 

in Quantiles of Sperman’s rho table in Conover, 2007. 

Spearman’s Rho=0.95>0.8 

Thus, we reject the null hypothesis at a significance level of 0.95. There is a positive 

correlation between decreased error rate and decreased task time. 

For these significant two-way interactions, parametric non-linear regression 

was used to determine the relationship models. First, increased sales and traffic rate 

interaction were analyzed. See Table 3.8 for the sales versus traffic rate regression 

output. 
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Table 3.8-Increased Sales x Increased Traffic Rate Regression Summary Output 

R Square 0.880279813         

Adjusted R 

Square 0.840373084         

Standard 

Error 1.194773806         

Observations 5         

ANOVA           

  df SS MS F 

Significance 

F 

Regression 1 31.48807 31.48807 22.05843 0.018256 

Residual 3 4.282453 1.427484 

  Total 4 35.77052       

  Coefficients 

Standard 

Error t Stat P-value 

Intercept -0.259746244 0.881994 -0.2945 0.787579 

Increased Traffic Rate 5.070378837 1.079576 4.69664 0.018256 

 

R-square is almost 0.9 and Significance F value is 0.01, thus increased sales 

and increased traffic rate regression model is reliable. 

 

Increased sales = -0.259746244 +5.070378837*Increased Traffic Rate   Eq-3.1 

Next two-way interaction to be shown is between task time and error rate. See 

Table 3.9 for regression output summary. 
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Table 3.9-Decreased Task Time x Decreased Error Rate Regression Summary Output 

R Square 
0.97090703

9 

 

   

Adjusted R 

Square 

0.95636055

9 

 

   

Standard 

Error 

0.03053570

7 

 

   

Observation

s 
4 

    

ANOVA 
     

 
df SS MS F 

Significanc

e F 

Regression 1 
0.06223514

1 

0.06223514

1 

66.7451520

2 

0.01465384

8 

Residual 2 
0.00186485

9 

0.00093242

9   

Total 3 0.0641 
   

 
Coefficients 

Standard 

Error 
t Stat P-value 

Intercept 
0.22295807

5 

0.03887068

7 

5.73589237

8 

0.02907561

2 

Decreased Error Rate 
0.44757383

1 

0.05478413

7 

8.16977062

2 

0.01465384

8 

 

R square is almost 1, and Significance F is 0.01, thus regression equation is 

reliable. 

 

Decreased task time= 0.222958075+0.447573831*Decreased error rate Eq-3.2 

 

Bootstrap Results 

The bootstrap method is used for the usability benefits with significant 

correlation; increased sales, increased traffic, decreased error rate, and decreased task 

time. The bootstrap sample size is denoted as n (which equals to the sample size), 

whereas the number of bootstrap samples is denoted as N. There are many different 

recommendations on how to determine the number of bootstrap samples in the 

literature. Efron and Tibshirani (1986) suggested usage of at least 250 bootstrap 
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samples for finding confidence intervals. Conover (2007) stated that for estimating 

simply the mean and the standard error of an estimator, 100 or 200 replications are 

needed unless confidence intervals are needed. In this study, the point estimate for the 

lower quantile of the population is the key interest, thus the confidence intervals are 

not found. The approach used in this study in determining the number of bootstrap 

samples is taking the second power of the sample size (N=n
2
) as recommended in 

Singh and Xie (2008). The difference from their recommendation is that after finding 

n
2
, the closest upper thousand value was selected. Table 3.10 shows the selected N for 

each benefit type. 

 

Table 3.10-Bootstrap Sample Sizes and the Number of Samples 

 n n
2 

N 

Increased Sales 44 1936 2000 

Increased Traffic 19 361 1000 

Decreased Error Rate 30 900 1000 

Decreased Task Time 39 1521 2000 

 

In order to create the bootstrap samples, INDEX function was used in 

Microsoft Excel. The formula is provided below. 

 

=INDEX($A$2:$A$45, ROWS($A$2:$A$45)*RAND()+1) Eq-3.3 

 

Rows function returns the number of rows in the array, and index function 

returns a value from the referred position of the single column. Thus, Equation 3.3 

enables random selection of a number from the sample.  

The sample size (n) for increased sales is 44. Therefore, the sample size for 

each bootstrap samples is 44 as well. The statistic investigated is the lower quantile of 

increased sales. Table 3.11 shows the descriptive results. 
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Table 3.11-Descriptive Statistics of the Lower Quantile Statistic of the Bootstrap 

samples of Sales 

Mean 0.28844 

Standard Error 0.001588663 

Median 0.25 

Mode 0.24 

Standard Deviation 0.071047187 

Sample Variance 0.005047703 

Kurtosis 3.015876451 

Skewness 1.576551555 

Range 0.54 

Minimum 0.15 

Maximum 0.69 

Sum 576.88 

Count 2000 

Confidence Level(95.0%) 0.003115609 

 

 

The values of the overall population parameters are unknown. The data 

analysis results lack the usability investment data that is kept confidential by 

companies. It is just a representative random sample from a whole population of 

companies that have invested on usability. Since, the population parameters are 

unknown, standard error is taken into consideration to estimate the variation of the 

statistic rather than standard deviation. Standard error indicates how precisely you 

know the statistic of the population (Streiner, 1996). Standard error in Table 3.11 is 

calculated by dividing the standard deviation by the square root of the number of 

bootstrap samples. Very small standard error indicates that 0.28844 is a very precise 

estimation for the increased sales population's lower quantile. Figure 3.4 shows the 

bootstrap distribution of increased sales lower quantile. 
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Figure 3.4 - Increased Sales Lower Quantile Bootstrap Distribution 

 

The next usability benefit sample investigated is the web site traffic. The traffic 

bootstrap resampling yielded the following descriptive statistics.   
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Table 3.12-Descriptive Statistics of the Lower Quantile Statistic of the Bootstrap 

samples of Web Site Traffic 

Mean 0.41168 

Standard Error 0.00540605 

Median 0.425 

Mode 0.2 

Standard Deviation 0.170954315 

Sample Variance 0.029225378 

Kurtosis 0.943345886 

Skewness 0.598495433 

Range 1.1025 

Minimum 0.0675 

Maximum 1.17 

Sum 411.68 

Count 1000 

Confidence Level(95.0%) 0.010608516 

 

 

The standard error is less than 0.01, which indicates that 041168 is a precise 

estimation for the lower quantile of the traffic population. Figure 3.5 is the histogram 

of the bootstrap distribution for traffic rate. 
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 Figure 3.5 - Increased Traffic Lower Quantile Bootstrap Distribution 

 

The bootstrap statistics for the error rate are provided in Table 3.13. 

Table 3.13-Descriptive Statistics of the Lower Quantile Statistic of the Bootstrap 

Samples of Error Rate 

Mean 0.48438 

Standard Error 0.003991428 

Median 0.4575 

Mode 0.45 

Standard Deviation 0.126220034 

Sample Variance 0.015931497 

Kurtosis -0.46639272 

Skewness -0.052572036 

Range 0.6825 

Minimum 0.1175 

Maximum 0.8 

Sum 484.38 

Count 1000 

Confidence Level(95.0%) 0.007832544 
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The standard error is very low, which indicates very narrow confidence 

interval. The estimate of 048438 for the lower quantile of the error rate is precise. 

Figure 3.6 shows the histogram. 

 

 

Figure 3.6 - Decreased Error Rate Lower Quantile Bootstrap Distribution 

 

Finally, the results of the bootstrap analysis for the decreased task time are 

provided below.  
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Table 3.14-Descriptive Statistics of the Lower Quantile Statistic of the Bootstrap 

samples of Task Time 

Mean 0.25781 

Standard Error 0.000960638 

Median 0.265 

Mode 0.25 

Standard Deviation 0.042961049 

Sample Variance 0.001845652 

Kurtosis 1.386176074 

Skewness -0.769764818 

Range 0.37 

Minimum 0.1 

Maximum 0.47 

Sum 515.62 

Count 2000 

Confidence Level(95.0%) 0.001883957 

 

The standard error is less than 0.001, indicating that the estimation of 025781 

for the lower quantile of decreased task time population is very precise. The histogram 

is demonstrated below. 
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Figure 3.7 - Decreased Task Time Lower Quantile Bootstrap Distribution 

 

Conclusion 

There has not been any study in the cost justification of usability domain that 

showed a model of dependencies between any usability benefit types. This paper 

showed that percentage change in increased sales was positively correlated with 

percentage change in web site traffic rate that were gained by usability investments. 

The traffic on usable websites is higher as users spend more time, and there is a higher 

chance of returning to the website, thus; increased chance of sales. In this paper a 

model was developed that shows the exact relationship between sales and website 

traffic. This model can aid usability practitioners make assumptions on how much 

increase in sales to expect when a certain level of traffic is achieved. Moreover, a 

model was developed that showed the correlation between percentage change in error 

rate and percentage change in task time. Error rate and task time were found to be 

positively correlated. A usability practitioner can make an estimation of how much the 
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error rate will change when a change in task times occurs as a result of usability 

investments.  

Usability practitioners estimate possible increase or decrease in usability 

benefits or costs. Current usability cost justification depends on those practitioners 

experience and estimation powers. However, usability practitioners can use the 

descriptive statistics for usability benefits determined in this paper in order to justify 

usability investments. The numbers found in this research study are based on a 

comprehensive data collection, and statistical analysis, therefore it is definitely more 

reliable than individual usability practitioner’s estimations. Usability practitioners 

might integrate these numbers to any usability cost-benefit model for their 

organization to achieve a general idea of the potential benefits of any software 

usability investment. 
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CHAPTER IV 

RESEARCH 2: GOAL PROGRAMMING MODEL FOR 

USABILITY BENEFIT EXPECTATIONS 

 

This study is an optimization attempt in cost justification of usability research 

domain. Optimization model approach utilized is a goal programming. It includes soft 

constraints rather than traditional hard constraints in other optimization models. 

Possible deviations from some pre-determined target values are evaluated. For this 

research, target values are set to the lower quantile values for increased sales and web 

site traffic, and decreased error rate, and task time as found in Aydin and Beruvides 

(2014a). The study includes two separate optimization models. First one is a model 

that provides expected possible percentage increase in sales and traffic rate on web 

sites in case of a usability investment to improve the ease of use of the company 

website. It is primarily helpful for e-commerce companies. On the other hand, second 

model provides expected percentage decrease in user error rates and task times for any 

type of software. It is mainly developed for companies’ using the intranet.  

 

 

 

 

 

 

This paper is going to be submitted to the journal of Human-Computer 

Interaction.  
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Goal Programming Model for Usability Assumptions 

Abstract 

The key objective of this study is to optimize the usability benefit expectations. 

The fact that different types of companies expect different benefits is taken into 

consideration. The paper consists of two parts: (1) an optimization model for the 

assumptions of percentage increase in sales and percentage increase in website traffic, 

(2) an optimization model for the expectations of percentage change in error rate and 

percentage change in task time. The optimization model used is goal programming. 

Finally, a sensitivity analysis is performed to test how sensitive the results are to small 

changes in the constraints and the variables. 

 

Introduction 

Usability is defined 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” (ISO 9241-11 guidelines, 1998, p. 2). Usability investments 

offer increased benefits and decreased costs in various categories for many different 

types of companies. Moreover, end users benefit from more usable software with 

improved efficiency, effectiveness, and satisfaction. The benefits of usability 

investment has been justified by real case studies for mainly vendor companies that 

sell user friendly software, companies that develop user friendly software for internal 

use, and IT companies that develop and sell user friendly software. Some success 

stories with usability investments are listed below: 

 American Airlines decreased maintenance and support costs by 60% to 

90% after investing on usability (Harrison, et al., 1994). 

 La Quinta Hotel Chain achieved a revenue growth of 83% in a year by 

improving website usability (Peterson, 2007).  

 Redesign of DEC Rally software resulted in 80% increase in revenues 

for the developing organization (Wixon and Jones, 1995).  
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 Online purchases from DELL Computer Inc. website rose from $1 

million per day in September 1988, to $34 million per day in March, 

2000 after usability improvements (Black, 2002).    

 90% reduction in customer errors was achieved in an e-commerce 

website (Karat, 2005).   

 Mean error rates per screen decreased by 67% after usability 

enhancements in a large wireless communicator carrier (Cope and 

Uliano, 1995).    

 The New York Stock Exchange (NYSE) upgraded their computer 

system with more usable equipment, and error rates dropped by 10% 

(Gibbs, 1997).  

 Task times decreased by 325% from 17 minutes to 4 minutes at 

American Express after the redesign of its computer interface for bank 

authorizations (Gibbs, 1997).  

 Time to checkout reduced by 40% on Performance Bikes web site after 

the redesign (Nielsen and Gilutz, 2003).  

 Time to register was decreased by 53% from an average of 15 minutes 

to 7 minutes on Breastcancer.org web site (Usability First, 2012).  

 American Express computer interface for bank authorizations was 

redesigned for improved usability.  Training times fell from 12 hours to 

two hours (Gibbs, 1997). 

 

Apart from these real cases, there are usability cost justification models 

developed by usability researchers that help practitioners estimate possible rate of 

return of usability. The main points of these models are determining possible benefit 

categories, estimating the benefit amount, and comparing that against the costs of the 

investment. Estimating the benefits requires crucial assumptions. Aydin and Beruvides 

(2014a) explored the numerical ranges for some of the usability benefit types and their 

distribution. Other than that, there are currently no studies that help usability 
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practitioners on estimation of usability benefit expectations and very small variations 

in these expectations impact the justification results enormously.  

This research study is built upon the findings of Aydin and Beruvides (2014a) 

for increased sales and website traffic, decreased error rate, task time and training time 

categories of usability benefits. In Aydin and Beruvides (2014a), percentage change 

data for these usability expectations were collected from the literature. Their 

distributions were determined, and bootstrap analysis was used to estimate the lower 

quantiles of the benefits. Moreover, the interactions were analyzed. This paper will be 

a step towards optimizing these benefit expectations. A tool will be developed that 

will help practitioners in justification of usability by allowing different weight 

assignments to different benefit categories. There has not been any study that tried to 

model the benefit expectations of usability cost justification. There is a strong need for 

optimization of these expectations. Thus, this research study will tackle the following 

research questions: 

‘How can the usability benefit expectations used for usability cost justification 

be optimized? How would the target values for goal programming model be decided 

upon? How can usability practitioners retrieve different values from this model to 

justify usability investments depending on the company type and key expectations from 

usability investments?’ 

Considering these research problems, this study premise that: 

H04: Optimal usability benefit expectation values given by the model does not 

change according to the weights assigned to positive and negative deviations from 

target values.  

H14: Optimal usability benefit expectation values differ based on the weights 

assigned to positive and negative deviations from target values 

 

Methodology 

“Several managerial decision-making problems can be modeled by using goals 

rather than hard constraints more accurately (Ragsdale, 1998, p. 265).” Soft 

constraints represent target values that are desirable to achieve. In this research the 

target values for the usability benefit variables will be set to bootstrap statistics for the 

lower quantiles of the bootstrap samples that are resampled from the data table. The 
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reason of using the lower quantiles is to achieve conservative results for the cost 

justification of usability efforts. In all past studies on cost justification of usability, 

assuming conservative usability benefits expectations have been proposed, and in this 

study the models create conservative results due to the lower quantile selection. There 

are two models: (1) Sales and traffic rate, and (2) error rate and task time. Training 

time has been eliminated as no significant correlation was detected with any other 

variable. The two-way interactions: sales versus traffic time and task time versus error 

rate were found significant in Aydin and Beruvides (2014a), therefore the focus has 

been on these two correlations in this goal programming study.  

Increased Sales and Increased Traffic Rate Model 

The objective is to minimize the maximum deviation from target values for the 

means of increasing sales, and increasing traffic rate. The variables of the model are 

shown in Table 4.1. 

As a reminder, the target values for the main decision variables were found as 

follows (Aydin and Beruvides, 2014a). Data collection yielded a table for percentages 

changes in usability benefits. Bootstrap samples were created by resamling these 

samples in the data table. The lower quantiles of each bootstrap samples were found. 

The mean of the lower quantiles of the bootstrap samples were picked as the target 

values for the goal programming models in this study (Population Means: MS, MTf). 

Moreover, the interaction constraints of the two goal programming models were found 

in Aydin and Beruvides (2014a) by utilizing Spearman’s Rho test and ordinary least 

square regression methods.  
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Table 4.1- Variables of the Sales x Traffic Rate Model 

Variable Type Notation 

Main Decision Variables 

S: Percentage increase in sales due to usability 

improvement 

Tf: Percentage increase in traffic rates due to usability 

improvement 

Deviational Variables 

di 
- 
: underachievement from target value Mi ;  

di 
+ 

: overachievement from target value Mi ;  

Where; i: S, Tf 

Weights 

wS
-
: weight of the negative deviation from Μs  

wS
+
: weight of the positive deviation from Μs  

wTf
-
: weight of the negative deviation from ΜTf  

wTf
+
: weight of the positive deviation from ΜTf   

Maximum Deviation 

from Means 

Q 

 

The weights listed in Table 4.1 shall be assigned by usability practitioners 

depending on the significance of the benefit types based on company type and 

company goals. 

Variable Q is the maximum of the weighted percentage deviations from the 

target means. Weighted percentage deviations are calculated as follows: 

 

wi
-
 x di

- 
/ Μi for underachievements 

 

wi
+

 x di
+ 

/ Μi for overachievements 

Where; i: S, Tf 

 

                                                             Eq. 4.1 

 

                                                             Eq. 4.2 

The objective of the model is minimizing the maximum of the weighted 

percentage deviations from target means; thus minimizing the predefined variable Q.  

  

MIN Q   Eq. 4.3 

Subject to  

 

wS
-
 * dS

- 
/ Μs ≤ Q       Sale Goal 

 

  Eq. 4.4 
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WTf
-
 * dTf

-
 / ΜTf ≤ Q      Traffic Goal   Eq. 4.5 

 

 

S + dS
-
- dS

+
 = Μs (actual versus target sale) 

 

  Eq. 4.6 

Tf + dTf
—

dTf
+
 = ΜTf (actual versus target traffic rate)   Eq. 4.7 

 

S = -0.259746244 +5.070378837*Tf      Eq.4.8 

 

di 
-
, di 

+
 ≥0    

Where; i: S, Tf 

  Eq. 4.9 

wS
-
, wTf

-
 ≥0 

 

Eq. 4.10 

First set of constraints are to set the model as a MINMAX optimization. As the 

objective function is minimizing Q, these constraints make sure that Q is the 

maximum weighted deviation from target means. It should be noted that the objective 

function will ignore the positive deviations from targets, because of the fact that more 

percentage increase in sales or traffic are favorable. However, less increase in sales or 

traffic than target value should be penalized. This will help usability practitioners 

perform a conservative justification of usability. The value of these penalty weights 

are to be decided by the users of the model. Any biased manipulation of the weights 

will not make any significant overall impact, since an enormous weight assignment for 

any under or over achievement for a decision variable will cause serious 

underachievement in the other decision variable. Thus, users of the model are 

encouraged to assign realistic weights depending on their company type. Second set of 

constraints are to set the actual versus target functions. The third set of constraints is 

the two-way interaction between sales and traffic rate. Sales is set as the Y variable, 

whereas traffic rate is the X variable. The last set of constraints is to set all decision 

variables as non negative.  
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Decreased Task Time and Decreased Error Rate Model 

The objective is to minimize the maximum deviation from target values for the 

means of decreasing task time, and decreasing error rate. The variables of the model 

are shown in Table 4.2. 

 

Table 4.2- Variables of the Error Rate and Task Time Model 

Variable Type Notation 

Main Decision Variables 

TaT: Absolute percentage decrease in task time due to 

usability improvement  

ER: Absolute percentage decrease in error rate due to 

usability improvement 

Deviational Variables 

di 
- 
: underachievement from target value Mi ;  

di 
+ 

: overachievement from target value Mi ;  

Where; i: TaT, ER 

Weights 

wER
-
: weight of the negative deviation from ΜER  

wER
+
: weight of the positive deviation from ΜER  

wTaT
-
: weight of the negative deviation from ΜTaT  

wTaT
+
: weight of the positive deviation from ΜTaT   

Maximum Deviation 

from Means 

Z 

 

The weights listed in Table 4.2 should be assigned by usability practitioners 

depending on the significance of the benefit types based on company type and 

company key expectations. 

Variable Z is the maximum of the weighted percentage deviations from the 

target means. Weighted percentage deviations are calculated as follows: 

 

wi
-
 x di

- 
/ Μi for underachievements 

wi
+

 x di

+ 
/ Μi for overachievements 

Where; i: ER, TaT 

 

                                                         Eq. 4.11 

 

                                                         Eq. 4.12 

The objective of the model is minimizing the maximum of the weighted 

percentage deviations from target means; thus minimizing the predefined variable Z.  
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MIN Z      Eq. 4.13 

Subject to  

 

WTaT
-
 * dTaT

-
 / ΜTaT ≤ Z      Task Time Goal  Eq. 4.14 

WER
-
 * dER

- 
/ ΜER ≤ Z          Error Rate Goal 

 

Eq. 4.15 

 

TaT + dTaT
—

dTaT
+
 = ΜTaT   (actual versus target task time)  Eq. 4.16 

ER + dER
—

dER
+
 = ΜER          (actual versus target error rate) 

 

Eq. 4.17 

 

Decreased task time= 0.222958075+0.44757381*Decreased error rate       Eq. 4.18 

 

di 
-
, di 

+
 ≥0    

Where; i: ER, TaT 

Eq. 4.19 

wER
-
, wTaT

-
 ≥0 

 

Eq. 4.20 

First set of constraints are to set the model as a MINMAX optimization. As the 

objective function is minimizing Z, these constraints make sure that Z is the maximum 

weighted deviation from target means. It should be noted that the objective function 

will ignore the positive deviations from targets, because of the fact that more 

percentage decrease in error rate and task time are favorable. However, less decrease 

in error rate or task time than target values should be penalized. This will help 

usability practitioners perform a conservative justification of usability. Second set of 

constraints are to set the actual versus target functions. The third set of constraints is 

the two-way interaction between task time and error rate. Task time is set as the Y 

variable, whereas error rate is the X variable. The last set of constraints is to set all 

decision variables as non negative. 

Next section illustrates the sensitivity analysis performed to see how possible 

changes in target values and relationship constraints impact actual values, 

overachievements and under achievements. An MS Excel spreadsheet solver package 

was used to execute the sensitivity analysis.  
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Sensitivity Analysis 

The two goal programming models developed are non-linear as multiplications 

of the variables are involved. The significant points to take into consideration in the 

sensitivity analysis of non-linear optimization in MS Excel solver module are the 

reduced gradients for the variables, and Lagrange multipliers for the constraints 

(Ragsdale, 1998).  

Sensitivity Analysis for Sales and Traffic Model 

Assuming all the weights are assigned a value of 1, which means the 

company’s perspective on under and over deviations for increased sales and increased 

traffic rates are the same, the sensitivity analysis results are provided in Table 4-3.  

 

Table 4.3- Sales Traffic Model Sensitivity Report with equal weights 

Adjustable Cells Final 

Value 

Reduced 

Gradient 

 

Cell Name 

 

$C$4 Actual Percent Change Sales 0.475 0 

 

$D$4 Actual Percent Change Traffic 0.145 0 

 

$C$5 Under Sales 0 0.479 

 

$D$5 Under Traffic 0.267 0 

 

$C$6 Over Sales 0.187 0 

 

$D$6 Over Traffic 0 2.429 

Constraints Final 

Value 

Lagrange 

Multiplier 

 

Cell Name 

 

$C$11 SalesxTraffic  -0.259 0.479 

 

$C$7 Goal Sales 0.288 -0.479 

 

$D$7 Goal Traffic 0.412 2.429 

 

 

The same results are attained if the weights assigned are 10,000, or 100,000 for 

the under and over achievements for sales and traffic. This indicates that the model is 

very robust; as long as the four weights are assigned equal by the usability researcher 

and/or engineering manager who uses the model, the above results will be achieved.  
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In regular nonlinear models, reduced gradient shows the change in the 

objective function in case that decision variable changes one unit. For instance, if 

under achievement from target sales increases 1 unit, the objective function increases 

by 0.479. Similarly, if over achievement from target traffic increases by 1 unit, the 

objective function increases by 2.429. On the other hand, the Lagrange multiplier 

shows that if the right hand side of the interaction constraint of sales and traffic 

increases by 1 unit, then the objective function increases by 0.479. It should be noted 

clearly at this point that the objective function is not the point of interest in this goal 

programming model. The key interest is the actual sales and traffic changes depending 

on the weights assigned to under and over achievements. The possible outcomes when 

the penalty weights are different can be seen in Figure 4.1. 

 

 

Figure 4.1 Sales Traffic Model Sensitivity Analysis  
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The x-axis on Figure 4.1 shows the rate of 'penalty weight assigned to 

deviations from sales target value' to 'penalty weight assigned to deviations from 

traffic target value'. The plot starts with a 1 to 100 rate. Thus, an iteration of the model 

with this weight ratio results in traffic rates very close to its target value. At this point 

the sales are very high. An initial perspective by looking at the plot could be using 

these weights since both sales and traffic rate are high, however there is the cost issue 

that needs to be addressed. Achieving these levels of increase in sales and traffic 

requires more usability investment, which causes more initial costs. Usability 

practitioner or engineer manager using the model must conduct a cost benefit analysis. 

In the region where weights are 1 to 30, and 1 to 100, (the very left of x-axis), there is 

an indication that the benefit expectation results for sales and traffic rate is starting to 

get insensitive to further changes in the x-axis. Figure 4.2 better shows this 

insensitivity. 

 

Figure 4.2 Sensitivity Analysis for Higher Weights for Traffic   
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In Figure 4.2, the rate of 1 to 200 is the cutoff point after which the 

insensitivity starts. Users of the model should not spend time on the region smaller 

than 1 to 200 as it is practically useless.  

Moreover the very right end of the x-axis in Figure 4.1 shows an indication of 

insensitivity. Figure 4.3 proves this insensitivity. The usability benefit expectations are 

insensitive to changes in the rates higher than 200. 

 

 

Figure 4.3 Sensitivity Analysis for Higher Weights for Sales 
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Sensitivity Analysis for Task time and Error Rate Model 

The non-linear optimization sensitivity result of MS Excel solver module is 

given in Table 4.5. 

 

Table 4.5- Task Time Error Rate Model Sensitivity Report with equal weights 

Adjustable Cells Final 

Value 

Reduced 

Gradient 

 
Cell Name 

 

$C$4 Actual Percent Change Task Time 0.357  0 

 

$D$4 Actual Percent Change Error Rate 0.298  0 

 

$C$5 Under Task Time 0 3.879  

 

$D$5 Under Error Rate 0.186  0 

 

$C$6 Over Task Time 0.098  0 

 

$D$6 Over Error Rate 0 1.736  

Constraints Final 

Value 

Lagrange 

Multiplier 

 
Cell Name 

 

$C$11 ERxTaT Task Time 0.223  3.879  

 

$C$7 Goal Task Time 0.258  -3.879  

 

$D$7 Goal Error Rate 0.484  1.736  

 

Similar to the discussions for the sales traffic model, the interest is not the 

objective function. Therefore, there is no need to explore the reduced gradients and the 

Lagrange multipliers. See Figure 4.4 for possible outcomes of the model with different 

weights assigned. 
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Figure 4.4 Task Time and Error Rate Model Sensitivity Analysis 
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Figure 4.5 Sensitivity Analysis for Higher Weights for Error Rate 

 

The cutoff point is 1 to 200 penalty weight ratio. Usability benefit expectations 
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Figure 4.6 Sensitivity Analysis for Higher Weights for Task Time 

 

The cutoff point is 200 to 1 penalty weight ratio. Usability benefit expectations 

for task time and error rate are insensitive to weight ratio changes after this point. 
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since they are based on statistical methods. The next step in this optimization effort is 

investigating the impact of different quantiles on the interaction of variables.   
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CHAPTER V 

RESEARCH 3: DETERMINING CONSTRAINTS OF GOAL 

PROGRAMMING MODEL FOR USABILITY BENEFITS 

 

In Aydin and Beruvides (2014b), goal programming models were developed 

for increased sales and traffic rates, and decreased error rate and task time benefits as a 

result of usability investments. The interaction constraints in these models were 

developed by using ordinary least square regression method. Thus equal slope was 

assumed for all levels of the variables. However, this research study focuses on 

determining possible slope changes based on different quantiles of the variable. In 

order to detect quantile based interaction changes, quantile regression method is used.  

 

 

 

 

 

 

 

 

 

 

 

 

Paper will be submitted to the Journal of Human-Computer Interaction. 
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Determining Constraints of Goal Programming Model for Usability Benefits 

Abstract 

The objective of this study is to analyze the interaction constraints of the goal 

programming models developed by Aydin and Beruvides (2014b). In Aydin and 

Beruvides (2014b), two goal programming models were developed for increased sales 

and traffic rates, and decreased error rate and task time benefits. Ordinary least square 

regression method was used two determine the two-way interactions. Equal slope was 

assumed for all quantiles of the dependent variables. The results of this study indicated 

that there were not any significant differences in the slopes of the regression lines 

depending on the quantiles. Thus, this research proved that the approach taken in 

Aydin and Beruvides (2014b) was accurate in terms of interaction constraints used in 

the models.  

 

Introduction  

Developing software easy to use is not easy to do. It requires focusing mainly 

on user needs that are feasible to implement. Understanding the user needs and 

reflecting those needs to the development of software in the design stage is the duty of 

usability practitioners. However, usability practitioners have one more responsibility 

to handle; convincing the decision makers for investing on usability. Software product 

managers have to consider various investment alternatives to place development 

resources (Bias and Mayhew, 1994). Majority of these alternatives are easy to be 

quantified to perform cost-benefit analysis. On the other hand, usability investments’ 

benefits are hard to be quantified. That makes cost-benefit analysis for usability 

investments a serious challenge for usability practitioners. There are many existing 

cost justification model for usability investments. Using these models, estimating the 

costs of usability investments are fairly straightforward, yet estimating the benefits are 

tricky (Mayhew and Mantei, 1994). For instance, in Mayhew and Mantei’s model 

(1994), costs are calculated as follows: 
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 Plan the usability engineering program to determine the ‘tasks’.  

 Identify the ‘usability techniques’ required to perform the tasks.  

 Further break the techniques down into required ‘steps’. 

 Break down the steps into ‘personnel hours and equipment costs’.  

 

As can be seen, the cost calculations are very precise and there are not many 

assumptions to deal with. Only assumptions are estimating the personnel hours needed 

to perform a step. Rest of the process is finding the parameters such as equipment 

costs and labor costs. On the other hand, estimating the benefits requires the following 

steps that include many crucial assumptions: 

 Select the best set of potential benefits depending on the audience.  

 Benefits are estimated based on the difference between the case that usability 

application is performed and the case that usability application does not exist.  

 For each potential benefit category, select a unit of measurement and estimate 

the magnitude of the benefit for this unit of measurement.  

 Multiply the estimated benefit per unit of measurement by the number of units. 

(Mayhew and Mantei, 1994) 

 

The crucial assumption here is estimating the magnitude of the benefits. In all 

cost justification models this is the most important assumption as any small variation 

impacts the cost-benefit analysis results enormously. Aydin and Beruvides (2014a) 

demonstrated possible magnitude values for percentage of change in sales, website 

traffic, error rate, and task time. Moreover, Aydin and Beruvides (2014b) developed 

goal programming models that showed the magnitude of percentage changes in sales, 

website traffic, error rate and task time by taking into consideration the interactions 

and weights. 

This research study is an enhancement on Aydin and Beruvides (2014a) and 

Aydin and Beruvides (2014b). In Aydin and Beruvides (2014a), it was determined that 

increased traffic rate and increased sales were positively correlated. Moreover, it was 

found that decreased error rate and decreased task time were detected to be positively 

correlated. However, it is not known if the slope of the regression line for traffic rate 

and sales are equal for all quantiles of increasing sales.  
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For example, does a 1% increase in traffic rate increase the sales the same 

percentage for 0.25 quantile sale percentage change volume as one in the 0.9 quantile? 

Or is there a non constant relationship between increased traffic rate and increased 

sales. Similarly, is a 1% decrease in error rate associated with same decrease in the 

task time for 0.25 quantile of task time as one in the 0.9 quantile? Or is there a non 

constant relationship between decreased error rate and decreased task time? 

Method 

In order to see the existence of correlation between sales and traffic, and error 

rate and task time, nonparametric Spearman Rho test was used in Aydin and 

Beruvides (2014a). Then the correlated variables were modeled by ordinary least 

squares regression. In this research study, quantile regression modeling is utilized to 

see: 

 The effect of website traffic on sales for usability investments with low, 

medium, and high percentage changes in sales, 

 The effect of error rate on task time for usability investments with low, 

medium, and high percentage changes in task time. 

Thus, the main difference is exploring the impacts of independent variables on 

dependent variables for different quantiles of the dependent variable. 

The first quantile regression analysis was conducted for sales and traffic rate. 

Sales is assumed to be the dependent variable, and traffic rate is counted as 

independent variable. Secondly, quantile regression was conducted for error rate and 

task time. Decreased task time is counted as the dependent variable, whereas 

decreased error rate is processed as the independent variable. 

In order to justify the use of quantile regression modeling, following 

assumptions should be met (Katchova, 2013; Koenker, 2005; Buchinsky, 1998): 

 The coefficients determined by the quantile regression must be 

significantly different than zero. In other words, zero should be out of 

the confidence interval for the quantile regression coefficient. 
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Confidence intervals are found by using the output of the quantile 

regression in R software. The significance level is selected as 5%.  

 The coefficients determined by the quantile regression should be 

significantly different than the coefficients estimated by the ordinary 

least squares regression, namely linear regression, which was found in 

Aydin and Beruvides (2014a). In other words, the confidence intervals  

found via the output of the R software for each quantile regression 

coefficient should exclude the linear regression coefficients. 

 The coefficients determined by quantile regression for different 

quantiles should be significantly different than each other. So as to 

check if each coefficient is significantly different than each other, 

quantile regression plots are analyzed via R software. 

 Heterosdecasticity should be checked. The Breusch-Pagan test statistics 

must be significantly different than zero. In R software, the command 

‘> bptest’ applies the Breusch-Pagan test. The null hypothesis in 

Breusch-Pagan test is that error variances are equal. On the other hand, 

the alternative hypothesis is that the error variances are a multiplicative 

function of one or more variables. A large chi-square indicates that 

heteroscedasticity is present. 

 

If all the assumptions are met, the quantile regression results will indicate 

reliably the marginal relationships between usability impact factors. This will help 

software vendors and developers determine how much to invest on usability, since 

they will know the level of website traffic increase and error rate decrease that no 

further provides any value to the company.  

The data table formed in Aydin and Beruvides (2014a) provided the following 

number of data points as shown in Table 5.1. 
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Table 5.1-The Number of Interaction Data Points in the Data Table (Aydin and 

Beruvides, 2014a) 

Usability 

Benefit 
Sales Traffic Error Rate Task Time 

Sales  5 3 3 

Traffic 5  2 0 

Error Rate 3 2  4 

Task Time 3 0 4  

Total Sample 

Size in Data 

Table 
44 19 30 39 

 

 

The first step on the quantile regression was to use only these data points to 

analyze sales and traffic interaction (5 data points), and task time and error rate 

interaction (4 data points). These interaction data were analyzed in R-Studio software. 

The second step was to create random samples from the original samples to increase 

the number of interaction data points. For sales, 1,000 random samples were created 

with a sample size of 19, in order to match the sample size of traffic sample in the data 

table. These 1,000 samples were ranked from smallest to largest (See Table 5.2).  
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Table 5.2-Random samples 

Random Samples (1 to 1000) 

  Sample 

1 
Sample 2 Sample 3 …………………………………… Sample 1000 

R
an

k
s (1

 to
 1

9
) 

1 
X1,1 X1,2 X1,3 ………………………………

.. 

X1,1000 

2 
X2,1 X2,2 X2,3 ………………………………

. 

X2,1000 

…
…

…
…

…
…

…
 

…
…

…
…

…
…

…
. 

…
…

…
…

…
…

…
.

.. 

…
…

…
…

…
…

…
.

..  …
…

…
…

…
…

…
 

19 
X19,1 X19,2 X19,3 ……………………………… X19,1000 

 

 

The point of interest is the row averages in order to determine the expected 

value of the ranks 1 trough 19. 

 

E[Ranki]=
        

   

    
  for i=1,..,19 

                       Eq 5.1 

  

Once the expected values of the ranks were found, they were matched with the 

traffic data ranked smallest to largest. The same random sampling procedure was used 

for task time data in order to match the 30 error rate data points.  

 

E[Ranki]=
        

   

    
  for i=1,..,30 

                      Eq 5.2 

 

The last step was conducting the quantile regression in R-Studio and checking 

the quantile regression assumptions.  
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Results 

The quantiles investigated are the lower quantile (25th percentile), the median 

(50th percentile), and the upper quantile (75th percentile).  

Sales and Traffic Quantile Regression Results 

Table 5.3 shows the coefficients and the confidence intervals for sales and 

traffic quantile regression. 

 

Table 5.3-Quantile Regression Coefficients and Confidence Intervals for Sales and 

Traffic with Original Data Points 

25
th

 Percentile Coefficients Lower Bound Upper Bound 

Intercept -0.05345000 -inf 0.57343 

Increased Traffic 

Rate 
5.043170 -inf inf 

50
th

 Percentile Coefficients Lower Bound Upper Bound 

Intercept -0.05345000 -inf inf 

Increased Traffic 

Rate 
5.043170 -inf inf 

75
th

 Percentile Coefficients Lower Bound Upper Bound 

Intercept -0.15667 -0.32186 inf 

Increased Traffic 

Rate 
6.33333 -inf inf 

 

The infinitely wide confidence intervals are caused by the insufficient number 

of data. The coefficients are not significantly different than zero, as the confidence 

intervals include zero. Moreover, quantile regression coefficients are not significantly 

different from the ordinary least squares regression coefficients. See Table 5.4 for a 

comparison.  
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Table 5.4- Comparison of Ordinary Least Square regression and Quantile Regression 

Increase in 

sales 

OLS 

Regression 

Quantile 

Regression at 

25
th

 quantile 

Quantile 

Regression at 

50
th

 quantile 

Quantile 

Regression at 

75
th

 quantile 

Intercept -0.2597 -0.05345000 -0.05345000 -0.15667 

Increased 

website 

traffic 

5.0704 5.043170 5.043170 6.33333 

 *: Significantly different quantile regression coefficients than zero at 5% 

 +: Significantly different quantile regression coefficients from OLS 

coefficients at 5%  

 

 

As can be seen, the assumptions of the quantile regression are not satisfied 

with these 5 original interaction data points. Next, the results for the expected value of 

ranks data set are shown in Table 5.5. 
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Table 5.5-Quantile Regression Coefficients and Confidence Intervals for Sales and 

Traffic with Random Sampled Ranked Data Set 

25
th

 Percentile Coefficients Lower Bound Upper Bound 

Intercept -0.10845 -0.25244 -0.08848 

Increased Traffic 

Rate 
1.08102 0.88635 1.27745 

50
th

 Percentile Coefficients Lower Bound Upper Bound 

Intercept -0.07960 -0.24485 -0.00343 

Increased Traffic 

Rate 
1.10562 1.05796 1.47636 

75
th

 Percentile Coefficients Lower Bound Upper Bound 

Intercept -0.05281 -0.29013 0.02167 

Increased Traffic 

Rate 
1.24361 1.08203 1.46424 

 

 

As can be seen, the infinite confidence intervals were eliminated by increasing 

the sample size. Table 5.6 shows the comparisons with the ordinary least squares 

regression. 
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Table 5.6- Comparison of Ordinary Least Square regression and Quantile Regression 

Increase in 

sales 

OLS 

Regression 

Quantile 

Regression at 

25
th

 quantile 

Quantile 

Regression at 

50
th

 quantile 

Quantile 

Regression at 

75
th

 quantile 

Intercept -0.19047 -0.10845* -0.07960* -0.05281 

Increased 

website 

traffic 

1.27180 1.08102* 1.10562* 1.24361* 

 *: Significantly different quantile regression coefficients than zero at 5% 

 +: Significantly different quantile regression coefficients from OLS 

coefficients at 5%  

 

 

The coefficients are mostly significantly different than zero, but they are not 

significantly different than the ordinary least square regression as indicated by the 

confidence intervals. Thus, the assumptions of the quantile regression were not 

satisfied. Although the quantile regression assumptions were not satisfied, the results 

showed an increase on the impact of website traffic on increased sales for the upper 

quantile of sales as the coefficient increases from 1.08 to 1.24. However, this finding 

cannot be concluded as the assumptions of the quantile regression were not satisfied. 

Figure 5.1 also shows that quantile regression results are not significantly different 

than the ordinary least squares results. The dotted lines show the ordinary least square 

regression limits, intercepting the confidence limits of the quantile regression. 
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Figure 5.1 Comparison of the Quantile Regression and Ordinary Least Square 

Regression Coefficients for Sales and Traffic Rate 

 

Task Time and Error Rate Quantile Regression Results 

Table 5.7 shows the coefficients and the confidence intervals for task time and 

error rate quantile regression. 
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Table 5.7-Quantile Regression Coefficients and Confidence Intervals for Task 

Time and Error rate with Original Data Points 

25
th

 Percentile Coefficients Lower Bound Upper Bound 

Intercept -0.23254 -inf inf 

Increased Error 

Rate 
0.3968300 -inf inf 

50
th

 Percentile Coefficients Lower Bound Upper Bound 

Intercept 0.22415 -inf inf 

Increased Error 

Rate 
0.44615 -inf inf 

75
th

 Percentile Coefficients Lower Bound Upper Bound 

Intercept 0.21631 -inf inf 

Increased Error 

Rate 
0.49231 -inf inf 

 

 

The confidence intervals are infinitely wide as a result of insufficient number 

of data. The coefficients are not significantly different than zero, as the confidence 

intervals include zero. Moreover, quantile regression coefficients are not significantly 

different from the ordinary least squares regression coefficients. See Table 5.8 for a 

comparison.  
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Table 5.8- Comparison of Ordinary Least Square regression and Quantile Regression 

Decrease in 

Task Time 

OLS 

Regression 

Quantile 

Regression at 25
th

 

quantile 

Quantile 

Regression at 50
th

 

quantile 

Quantile 

Regression at 

75
th

 quantile 

Intercept -0.2597 0.2325397 0.2241538 0.2163077 

Decreased 

Error rate 
5.0704 0.3968254 0.4461538 0.4923077 

 *: Significantly different quantile regression coefficients than zero at 5% 

 +: Significantly different quantile regression coefficients from OLS coefficients at 

5%  

 

 

As can be seen, the assumptions of the quantile regression are not satisfied 

with these 4 original interaction data points. Next, the results for the expected value of 

ranks data set are shown in Table 5.9. 
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Table 5.9-Quantile Regression Coefficients and Confidence Intervals for Task 

Time and Error Rate with Random Sampled Ranked Data Set 

25
th

 Percentile Coefficients Lower Bound Upper Bound 

Intercept -0.01322 -1.08961 0.02667 

Increased Error 

Rate 
0.59428 0.49440 1.68603 

50
th

 Percentile Coefficients Lower Bound Upper Bound 

Intercept -0.01306 -0.20349 -0.00453 

Increased Error 

Rate 
0.70995 0.62035 1.04829 

75
th

 Percentile Coefficients Lower Bound Upper Bound 

Intercept -0.05303 -0.07802 -0.01486 

Increased Error 

Rate 
0.97791 0.85146 1.01547 

 

 

The infinite confidence intervals were eliminated by increasing the sample size 

to 30. Table 5.10 shows the comparisons with the ordinary least squares regression. 
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Table 5.10- Comparison of Ordinary Least Square regression and Quantile Regression 

Decrease in 

Task Time 

OLS 

Regression 

Quantile 

Regression at 25
th

 

quantile 

Quantile 

Regression at 50
th

 

quantile 

Quantile 

Regression at 

75
th

 quantile 

Intercept -0.19047 -0.01322 -0.01306* -0.05303* 

Decreased 

Error rate 
1.27180 0.59428* 0.70995* 0.97791* 

 *: Significantly different quantile regression coefficients than zero at 5% 

 +: Significantly different quantile regression coefficients from OLS coefficients 

at 5%  

 

 

The coefficients are significantly different than zero, except for the intercept at 

25th quantile. However, they are not different than the ordinary least square regression 

significantly since the confidence intervals of the quantile regression coefficients 

includes the coefficient for the ordinary least square regression coefficient. Thus, the 

assumptions of the quantile regression were not satisfied. Figure 5.2 also demonstrates 

that there is no significant difference as the limits of the ordinary least square 

regression intersects the limits of the quantile regression. 
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Figure 5.2- Comparison of the Quantile Regression and Ordinary Least Square 

Regression Coefficients for Task Time and Error Rate 

 

Conclusion 

The objective of this study was to see if the interaction model of sales and 

traffic rate had different slopes in different increased sales quantiles’ regions (similarly 

for task time and error rate interaction model slopes). The results showed that there 

were slight changes in the slope of interaction for sales and traffic rate, and task time 

and error rate based on quantiles, but they are not statistically significant. Therefore, 

the interaction models determined in Aydin and Beruvides (2014a) and utilized in the 

goal programming models in Aydin and Beruvides (2014b) are valid. There is no basis 

to use different interaction models for different quantiles of sales, and different 

quantiles of task time as the quantile regression assumptions were not satisfied.  
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CHAPTER 6 

GENERAL CONCLUSIONS AND FUTURE WORK 

 

Research Features and Outcomes 

Usability can be described as the incorporation of effectiveness, efficiency and 

user satisfaction into a product. It is defined in ISO 9241-11 guidelines 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” (1998, p. 2). 

Effectiveness is the completeness and accuracy in achieving specific goals 

(Qusenbery, 2001). Efficiency is the speed in which users can complete the tasks 

(Qusenbery, 2001). In ISO guidelines, not only time but other resources such as 

cognitive resources are also included in the efficiency definition. On the other hand, 

satisfaction is how pleasant the product is to use (Nielsen, 1993). These characteristics 

make usability investments vital for better software development and sale. If software 

is released without significant usability efforts, it is way more challenging and costly 

to implement usability improvements in the post-release stage (Bias and Mayhew 

1994, Bias and Mayhew, 2005). The literature review in this research shows the 

significant impacts usability offers for various types of companies in terms of the 

benefit receivers and benefit providers (See Table 2.11 through Table 2.15). 

Moreover, different cost justification models were thoroughly demonstrated in the 

literature review section. Each cost justification model recommends techniques of 

calculating investment costs, and how to estimate potential benefits. After costs are 

calculated and benefits are estimated, they are compared with financial ratios. Models 

differ in the financial ratios recommended for use. The mostly used one in these 

models is the cost-benefit ratio, which actually not to be used in private organizations 

(Aydin, Millet, and Beruvides, 2011), because the cost-benefit ratio is an economic 

technique for non-profit/governmental organizations, not for profit generation 

organizations (Newnan, Lavelle, and Eschenbach, 2009). These ratios are further used 
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to compare against other investment alternatives for the organization. The problem is 

with the accuracy of the benefit part of the financial ratio. The expected levels of 

increase or decrease in those benefits as a result of any usability investment are 

unknown. Researchers have been subjectively estimating these levels of increase and 

decrease in cost justification of usability efforts. However, any small changes in these 

levels, obviously affect the cost justification results significantly. Thus, the main 

objective of this research is to create a decision tool that helps usability practitioners 

and/or engineering managers in determining levels of increase or decrease in usability 

benefits. Two goal programming optimization models were developed as the 

mentioned decision tool. Developing these goal programming models required 

incorporation of data collection, Pareto analysis, theoretical distribution fitting, 

regression analysis, Bootstrap resampling, and finally quantile regression.  

A State-of-the-Art-Matrix analysis study (Aydin et al., 2011) was the 

foundation of this research, as it revealed insights on the problems faced in this 

research domain. In the data collection stage, various types of articles were found 

including but not limited to case studies, empirical studies, review based papers, and 

opinion based papers. The appropriate studies to include and the studies to exclude 

from further review were identified as the factor considered was availability of 

numerical data. Thus, the studies providing numerical data for the levels of increase or 

decrease in any usability benefit type were filtered. The final step data collection was 

converting each study’s results or findings into a common statistical index. The 

common point was selected to be the ‘percentage change before and after the usability 

investment’. By using percentages, the problem that each study constitutes different 

cost basis was dealt with. A total of 156 percentage change data points were collected. 

The hypothetical data were removed, leaving 139 real percentage data points for the 

usability benefits shown in Table 6.1. 
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Table 6.1 Number of Hypothetical and Real Data 

Benefit Hypothetical Real Total 

Increased sales 4 44 48 

Decreased task time 2 39 41 

Decreased error rate 4 30 34 

Increased website traffic 0 19 19 

Decreased training time 7 7 14 

 

The benefits listed in Table 6.1 were selected via Pareto analysis. Over twenty 

different usability benefit types were found during data collection. Thus, there was a 

need for prioritization of the goals of the research. The Pareto analysis results 

indicated increased sales, decreased task time, decreased error rate, increased web site 

traffic, and decreased training time were the benefits to be focused upon. Decreased 

training time was also eliminated from further analysis, since there was no significant 

correlation with other benefits. The goal programming model required interaction 

constraints, thus a benefit with no significant correlation with other benefits was not 

needed at this point. 

The next step was finding theoretical distributions for the data table samples. 

The sample data were analyzed via ARENA input analyzer module, and distributions 

fitting sample data for each benefit listed in Table 6.1 are provided in this research. 

Kolmogorov-Simirnov tests were used to conclude significance of these distributions. 

This was followed by determining possible correlations between these benefits. 

Nonparametric Spearman’s Rho tests revealed positive correlation between increased 

sales and increased website traffic, and between decreased task time and decreased 

error rate. The regression models were found by using ordinary least square regression 

method for each to be used in the goal programming models.  
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A key parameter needed for the goal programming models is target values. 

Target values are the right hand side of the soft constraints in the model, and there is 

tolerance for positive and negative deviation from these values. In order to find these 

target values, Bootstrap sampling method was utilized. Each usability benefit sample 

was resampled to create thousands of Bootstrap samples. The lower quantiles of each 

of these Bootstrap samples were collected and descriptive statistics were analyzed. 

With significantly low standard errors achieved, the lower quantiles found were 

assumed to be good estimators of the population values.  

Two goal programming models were developed by using these target values 

and interaction constraints; (1) increased sales and increased web site traffic model, 

(2) decreased error rate and decreased task time model. The details of the models are 

provided in Chapter IV. Since the ordinary least square regression method was used, a 

constant slope was assumed for the regression line. In order to observe the behavior of 

the regression lines in different quantiles, quantile regression method was utilized.  

The main limitation in this research was that most of the companies liked to 

keep the information regarding the numerical benefits achieved by usability 

investments confidential. Data availability was a serious issue, which was addressed 

by utilizing Bootstrap sampling. However, there are still very important usability 

benefits that could not be analyzed due to lack of numerical data availability. Reduced 

maintenance need, reduced support calls, increased user satisfaction, reduced 

employee turnover are only some of those.  

This research also required some assumptions. Reduction in a negative variable 

was assumed to be a benefit. For instance, reduction in error rate was assumed to be a 

benefit. Studies provided data with differing time basis. Therefore, effective rate 

formulas were used to convert all data to annual terms.  

The next section explains the findings and what they may indicate for usability 

practitioners and/or engineering managers. 
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Findings 

This dissertation is a collection of three research studies. The research 

questions for the first research illustrated in the first chapter were addressed as 

follows: 

 The benefits of software usability are shown in Table 6.2. 

Table 6.2 Benefits of Software Usability Investments  

Usability Benefits 

Mentioned in 

Usability 

Literature 

Increased sales, decreased error rate, increased completion 

rate, improvement of ease placing orders, decreased task 

time, reduced training time, reduced learning time, reduced 

maintenance and support cost, reduced development cost, 

reduced development time, reduced employee turnover, 

increased user satisfaction and loyalty, enhanced 

purchasing experience, increased returning customer, 

reduced drop off rates, increase in traffic (number of 

visitors), liability and litigation deterrence, increased buy-

to-look ratio, decreased abandoned shopping carts, 

decreased use of call back button, decreased installation, 

configuration, and deployment costs, increased lead 

generation, reduced supervisory assistance and inspection, 

decreased orientation time, decreased number of 

interruptions, more time spent on site. 
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 From the benefits listed in Table 6.2, increased sales, decreased error 

rate, decreased task time, increased web site traffic, and decreased 

training time were analyzed further; as the number of numerical data 

available prevented focusing on the rest of the list.  

 Dependencies were detected between; (1) increased sales and increased 

web site traffic, and (2) decreased error rate and decreased task time. 

 Theoretical distributions are summarized in Table 6.3. 

 

Table 6.3 Summary of the Theoretical Distributions  

 Distribution 
Kolmogorov-

Smirnov p-value 
Square Error 

Increased sales Exponential > 0.15 0.002253 

Decreased task 

time 
Beta > 0.15 0.015179 

Decreased error 

rate 
Beta > 0.15 0.013359 

Increased traffic 

rate 
Gamma > 0.15 0.009704 

 

 The lower quantiles of these benefits are summarized in Table 6.4. 

 

Table 6.4 Summary List of the Population Lower Quantiles for Usability 

Benefits 

Benefit Percentage Change 

Increased sales 29% 

Increased web site traffic 41% 

Decreased error rate 48% 

Decreased task time 26% 

 

The research questions for the second research illustrated in the first chapter 

were addressed as follows: 
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 Two goal programming optimization models were developed by 

determining target values and constraints. 

 The target values were found by estimating the lower quantiles of 

Bootstrap samples, with significantly small standard errors. It indicated 

that these lower quantile values were good estimators of the population. 

 The goal programming model minimizes the maximum deviations from 

the target values, and allows the users add different weights to under 

and over achievements from target values depending on the company 

type. For instance, a vendor company selling usable software can add 

high penalty weights to underachievement from target values. 

The research questions for the third research illustrated in the first chapter were 

addressed as follows: 

 Quantile regression analysis was utilized to see the differences in 

relationship models for different quantiles of the dependent variable. 

Thus the impact of an increase in web site traffic of companies that had 

low increases in sales after a usability investment against companies 

that had high increases in sales after a usability investment are not 

significantly different.  

The following conclusions are acquired based on the hypotheses listed in the 

first chapter of this dissertation: 

 The null hypothesis for the first research is that all usability benefits are 

independent of each other. Since, significant positive correlations were 

found, the null hypothesis was rejected. 

 The null hypothesis for the second research is that company type does 

not affect the focus of usability investments, thus yielding same 

usability benefit assumptions results. However, the sensitivity analysis 

showed that assigning equal or different weights to under and over 
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achievements from sales, traffic, error rate, and task time goals leads to 

different outcomes. Thus, the null hypothesis was rejected. 

 The null hypothesis of the third research is that a percentage point 

change in a usability benefit affects a dependent usability benefit 

equally regardless of the quantiles of that dependent variable. The 

quantile regression results showed that there are no significant 

differences based on quantiles, thus we failed to reject the null 

hypothesis. 

These findings indicate: 

 The interaction between sales and web site traffic in big scale 

companies and small scale companies that invest on usability are the 

same.  

 The interaction between error rate and task time in big scale companies 

and small scale companies that invest on usability are the same.  

  No matter how much focus is given on increasing usability to increase 

sales, as long as traffic rate cannot be increased over 40%, the highest 

increase on sales will be around 180%.  

 No matter how much focus is given on increasing usability to decrease 

task time, as long as error rates cannot be decreased more than 49%, the 

highest decrease on task time will be around 44%.  

 

It should be noted that these values are going to be used in cost justification of 

usability models to find overall benefit. Then, benefits will be compared against 

investment costs with recommended financial ratio in a specific cost justification 

model. These cost justification models were illustrated in the second chapter of this 

dissertation. Thus, the key contribution of the decision tool developed in this 

dissertation is that it provides the usability benefit expectations needed to estimate the 
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benefits part of the cost justification of usability models. The subjectivity in 

estimations of these assumptions in existing models was addressed by using scientific 

methods in this dissertation. 

  

Future Research  

This research is the first optimization modeling effort in usability cost 

justification research area. Due to data limitations, it was restricted to sales, traffic, 

error rate, and task time related usability benefits. Further studies should focus on the 

rest of usability benefits mentioned in Table 6.2. For instance, reduced maintenance 

need, and reduced support need are very important benefits for software development 

organizations. Moreover, the goal programming model shall be modified by addition 

of other usability benefits, which requires finding the regression models of these 

benefits.  

Another future research idea is that an empirical study should be designed that 

includes the level of usability as a factor. Thus, keeping usability improvement level 

(which indicates the budget allocated for usability) as an independent variable, the 

changes in usability benefits could be analyzed via ANOVA. The empirical results 

should be compared against the optimization model results.  
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