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Examining The Influence Of Product’s Quality Towards The Ease Of Use Of A 

Product At Different Stages Of Product’s Usage 

 

Ratnayake Mudiyanselage Sahan Sachinda Bandara Ratnayake 

 

 
Abstract 

 

Ease of use has been one of criteria that customers consider when making purchasing decisions 

and has attracted manufacturers’ attention for their competitiveness. However, most of the 

manufacturers put effort on improving their products for ease of use under an implicit 

assumption that the quality of the products remains unchanged throughout their usages. As a 

matter of fact, the quality of the products plays a major role in a real scenario, because the 

quality deterioration according to usage hours hinders ease of use. 

 

This study interprets how the ease of use level of the product differs when the quality of the 

product depletes with more usage. To achieve this objective, initially the basic concepts of Ease 

of use and product’s quality and its components has been identified and studied using the aid of 

previous literature. Then two matrices is been developed through the interactions between the 

dimensions of ease of use and product’s quality. Then through key factors of these matrices a 

relationship has been developed between product’s quality and ease of use. And then a 

mathematical model is used to support the concept built in the study. 

 

The particular concept then further validated by conducting two case study scenarios. The 

results from both the case study scenarios shows that there is a significant relationship between 

ease of use level of the product and quality of the product with respect to time. This study will 

be a valuable help towards manufacturers in order to identify the how the ease of use level of 

their product deviates and by how much it deviates compared to its standard level, when  the 

usage hours of the product increases. 

 
 

Keywords: Ease of use level, Product’s quality, Matrices, mathematical model, 

significant relationship 
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CHAPTER 1  

INTRODUCTION 

 

1.1 Overview 

 
Currently in the global market, it is observed that most of the companies try to put an enormous effort to 

differentiate themselves from the rivals, in order to achieve the higher level of competitiveness and a space 

to survive. The current market has become more competitive and in order to survive in this competitive 

market the manufacturers have to focus on satisfying their customers and which can only be done by the 

proper response to the customer needs (Kim et al., 2012). The main reason for that is because the 

customers will make the purchasing decision on the base of their satisfaction level (Merino et al., 2012). 

 

Product’s performance and price offered has the most influence on customer satisfaction (Johlke and Iyer, 

2013). The product’s performance can be evaluated both by being able to response to the customers need 

and also by being differentiated from other brands in terms of features, functions or service and this might 

be significant to the customers while buying the product. However, customer will perceive value of 

product and decide to buy a product by comparing the price and the benefits i.e. functions, features and 

quality of service and product (Huber et al., 2001). Higher-customer satisfaction appears to have a higher 

return for the most profitable customer segments (Terpstra and Verbeeten, 2014). Hence every 

manufacturer tries to design their product as a response to customer needs and to attract customer as much 

as possible with a reasonable price (Sánchez et al., 2013). As a result, to be successful in the global market 

the manufacturers have to add another factor which helps the product to stand out among the others with 

increase in customer satisfaction. One of the most important factors that can be given the higher priority is 

ease of use of the product, as there are many products which don’t vary in a large scale in terms of 

technology, but the factor that associates with sale performance is ease of use of the product (Johlke and 

Iyer, 2013). 

 

Also when we consider about the products’ perspectives, there are 3 main factors which can provide an 

immense influence towards the customer expectations (Robert et al., 1998). Those are 

 Performance of the product. 

 How much maintenance the product should undergo and for each case, how long does it take. 

 Ease of use of the product. 

 

 

Homburg et al (2015) clearly stated that the expectation of customer not only lies on product’s 

performance, but also on ease of use and on maintenance. Furthermore, there is a positive relationship 

between customer loyalty and customer satisfaction (Heskett, 1997). And there are 3 zones of this 

particular relationship between customer loyalty and customer expectation as shown in figure 1.1. 
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In order to get maximum customer satisfaction with optimum level of customer loyalty, the 2 zones that 

are vitally affected are the zone of indifference and the zone of loyalty respectively. According to Heskett, 

(1997) key factor which can influence these above mentioned 2 zones is the product being more user- 

friendly. Thus it can be suggested that manufacturers should also focus on the ease of use of a product with 

the aim of enhancing customer satisfaction. 

 

The main concept behind ease of use of a product is the user should be able to use the product by 

encountering least errors. Also the user should be able to save time by using the particular product. Finally, 

the anticipated Ease of use with the product can yield to customers' satisfaction and thus bring success to 

the manufacturer. 

 

 
 

1.2  Problem Statement 

 
Presently, manufacturers are more concerned about enhancing their competitive edge, much more than 

focusing not only on the functions or features of the product while designing but also the design of the 

product in such a way that is easy to use after the purchase with time. Furthermore most of the studies 

regarding usability perspectives have been conducted, targeting more on existing factors such as 

effectiveness, efficiency, satisfaction while assuming other factors are to be constant.  

 

All these studies have been developed or conducted under the assumption that the quality of the product is 

always a constant. However, in practice the quality of the product might be questionable when the usage of 

a product increases. Many previous studies have stated that, after the product is being made, the quality of 

the product cannot improve or increase by itself (homburg et al., 2012). A product can be able to design to 

save the time and being more durable with performance but the quality of the performance of the product 

might not be up to the customer expectation level when the product is used frequently (Nielsen, 1993). In 

that case, manufacturers should study about the link between ease of use of a product and the quality of a 

product. When the quality of a product decreases with its more usage, changes in the ease of use of a 

product should be identified. By understanding the relationship between ease of use and the product’s 

quality, manufacturers will be able to identify the defects of products regarding ease of use, and by 

improving those barriers customer satisfaction can be gained. 
 

Figure 1.1: relationship between customer loyalty and customer satisfaction (heskett J, 1997) 
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1.3 Objectives 

 
Examine the changes of ease of use of a product, when the quality of a product decreases due to 

escalation of usage of a product. 

 

 

1.4  Scope and limitations 

 
 This study does not compare the ease of use of different product. This study only explains how the 

ease of use of a product changes when the usage hours of the product itself increases. 

 Case studies have been done by using university students, and by using more professional users, more 

accurate results can be obtained. 

 The study will implement an evaluation model to evaluate the ease of use of a product and also the 

changes in ease of use level of the product, with the increment of usage of the product. 
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CHAPTER 2  

LITERATURE REVIEW 

 
This study attempts to propose an evaluation model to measure ease of use of a product and how the ease 

of use level of the product changes with more usage of the product. Consequently the focus of the 

literature review is to examine previous studies conducted in relation to Ease of use of a product and the 

relationship of product quality with the usage of a product. 
 

2.1 Ease of use of a product 

 
The term user friendly is often used as a synonym for Ease of use, though it may also refer to accessibility 

(Kuwahk et al., 2002). Ease of use describes the nature of user experience across websites, software, 

products, and environments. There is no consensus about the relation of the terms ergonomics  and Ease of 

use. Some assume of Ease of use as the software specialization of the larger topic of ergonomics (Davis 

1989; Sanders and Manrodt, 2003; Venkatesh, 2000). Others view these topics as tangential, with 

ergonomics focusing on physiological matters and Ease of use focusing on psychological matters 

(Venkatesh, 2000).  Ease of use is also important in website development.  

 

The object of use can be a software application, website, book, tool, machine, process, or anything a 

human interacts with. A usability study may be conducted as a primary job function by a usability analyst 

or as a secondary job function by designers, technical writers, marketing personnel, and others. It is widely 

used in electronics, communication, and knowledge transfer objects (such as a cookbook, a document or 

online help) and mechanical objects such as a door handle or a hammer. 

 

Ease of use is often associated with the functionalities of the product, in addition to being solely a 

characteristic of the user interface (Shah H. 2011). For example, in the context of mainstream consumer 

products, an automobile lacking a reverse gear could be considered unusable according to the former view, 

and lacking in utility according to the latter view. When evaluating user interfaces for ease of use, the 

definition can be as simple as the perception of a target user of the effectiveness and efficiency of the 

interface (Dalton E. et al., 2016). Each component may be measured subjectively against criteria. As with 

other non-functional requirements, Ease of use cannot be directly measured but must be quantified by 

means of indirect measures or attributes such as, for example, the number of reported problems with ease-

of-use of a system (Zaveri., 2015). 

 

According to ISO definitions ease of use can be explained 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. Also ISO 9241 standards show that there are five characteristics of ease of use. 

 

 Effectiveness 

 Efficiency 

 Engaging 

 Error tolerance 

 Easy to learn 

 

 
2.1.1 Effectiveness 

 
Effectiveness is the completeness and accuracy with which users achieve specified goals. It is determined 

by looking at whether the user’s goals were met successfully and whether all work is correct (Ghosh et al., 
2014). It can sometimes be difficult to separate effectiveness from efficiency, but they are not the same. 

https://en.wikipedia.org/wiki/Accessibility
https://en.wikipedia.org/wiki/Ergonomic
https://en.wikipedia.org/wiki/Computer_software
https://en.wikipedia.org/wiki/User_interface
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Efficiency is concerned primarily with how quickly a task can be completed, while effectiveness considers 

how well the work is done (Adams., 1992). Not all tasks require efficiency to be the first principle. The 

quality of the user assistance built into the interface can have a strong impact on effectiveness (Keil., 

1998). The effectiveness of an interface often relies on the presentation of choices in a way that is clearly 

understandable to the user. The more informative an interface can be, the better users are able to work in it 

without problems (Henneman R., 1999). Good interface terminology will be in the user’s language and 

appropriate to the task. 

 

 
2.1.2 Efficiency 

 

Efficiency can be described as the speed (with accuracy) in which users can complete the tasks for which 

they use the product. ISO 9241 defines efficiency as the total resources expended in a task. Efficiency 

metrics include the number of clicks or keystrokes required or the total ‘time on task’. It is important to be 

sure to define the task from the user’s point of view, rather than as a single, granular interaction 

(Rodrigues et al., 2013). For example, a knowledge base which doled out small snippets of information 

might be very efficient if each retrieval was considered one task, but inefficient when the entire task of 

learning enough to answer a user’s question is considered. Navigation design elements such as keyboard 

shortcuts, menus, links and other buttons all have an impact on efficiency (Shrestha et al., 2012). 

 

 
2.1.3 Engaging 
 

A product is engaging if it is pleasant and satisfying to use. The visual design is the most obvious element 

of this characteristic. The style of the visual presentation, the number, functions and types of graphic 

images or colors (especially on web sites), and the use of any multimedia elements are all part of a user’s 

immediate reaction. But more subtle aspects of the interface also affect how engaging it is.  Like all 

usability characteristics, these qualities must be appropriate to the tasks, users and context. The style of 

engagement that is satisfying for a repetitive work tool is different than an e-commerce site. Even within 

the same class of interfaces, different users may have widely divergent needs. What is important is that the 

design meets the expectations and needs of the people who must use the interface. 

 
 

2.1.4 Error tolerance 
 

The ultimate goal is a product or a system which has no errors. But, product developers are human, and 

computer systems far from perfect (Zaveri., 2015), so errors may occur. An error tolerant program is 

designed to prevent errors caused by the user’s interaction, and to help the user in recovering from any 

errors that do occur. Note that a highly usable interface might treat error messages as part of the interface, 

including not only a clear description of the problem, but also direct links to choices for a path to correct 

the problem (Abromovici et al., 2014). Errors might also occur because the designer did not predict the full 

range of ways that a user might interact with the program or product. 

 

 
2.1.5 Easy to learn 

 

One of the biggest objections to "Ease of use" comes from people who fear that it will be used to create 

products with a low barrier to entry, but which are not powerful enough for long, sustained use. But 

learning goes on for the life of the use of a product (Shah H. 2011). Users may require access to new 

functionality, expand their scope of work, explore new options or change their own work flow or process 

(Henneman R., 1999), These changes might be instigated by external changes in the environment, or 

might be the result of exploration within the interface. A product or system which is easy to learn allows 

users to build on their knowledge without deliberate effort (Dalton E. et al., 2016). This goes beyond a 

general helpfulness to include built-in instruction for difficult or advanced tasks, access to just-in-time 

training elements, connections to domain knowledge bases which are critical to effective use. Allow users 

to build on not only their prior knowledge of computer systems, but also any interaction patterns they 
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have learned through use in a predictable way. Predictability is complementary to interface consistency 

(Dalton E. et al., 2016). A consistent interface ensures that terminology does not change, that design 

elements and controls are placed in familiar locations and that similar functions behave similarly. 

Predictability expands this to place information or controls where the user expects it to be. This concept 

has been discussed in connection with Palm Pilot design– and especially important if make an interface 

which goes beyond the boundaries of simple platform design standards (Shakel et al., 1999). Good use of 

predictability requires careful user analysis and observation, but can make new functions easy to learn by 

providing controls where the user expects them to be (Rodrigues et al., 2013). 

 

 

2.2 Ease of use Evaluation 

 
These EOU evaluation methods involve testing of subjects for the most quantitative data. Usually recorded 

on video, they provide task completion time and allow for observation of attitude. Regardless to how 

carefully a system is designed, all theories must be tested using usability tests. Usability tests involve 

typical users using the system (or product) in a realistic environment. Observation of the user's behavior, 

emotions, and difficulties while performing different tasks, often identify areas of improvement for the 

system (Nielson, 1995). 

 

Setting up a EOU test involves carefully creating a scenario, or realistic situation, wherein the person 

performs a list of tasks using the product being tested while observers watch and take notes. Several other 

test instruments such as scripted instructions, paper prototypes, and before and post-test questionnaires are 

also used to gather feedback on the product being tested (Sung H et al., 2002). The aim is to observe how 

people function in a realistic manner, so that developers can see problem areas, and what people like. 

Techniques popularly used to gather data during a usability test include think aloud protocol, co-discovery 

learning and eye tracking. 

 

Understanding specific targets for these ease of use goals also helps plan ease of use evaluation. The 

testing techniques selected may vary, depending on which of the characteristics you are most interested in.  

Some can be tested with early prototypes or even paper mockups, but others require working software. 

 

 

 

 

Table 2.1: Types of EOU evaluation (ISO 9241 standards) 
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2.3 Product’s quality and usage 
 

The word "quality" as having two meanings: first, the presence of features that create customer satisfaction; 

second, the reliability of those features (Juran, 1986). Failures in features create dissatisfaction, so removing 

failures is the purpose of quality improvement, while creating features is the purpose of quality by design. 

Juran's process seeks to create features in response to understanding customer needs. These are customer-

driven features. The sum of all features is the new product, service, or process. 

 

Broadly defined, quality refers to the ability of a product or service to consistently meet or exceed customer 

requirements or expectations. Different customers will have different expectations, so a working definition of 

quality is customer-dependent. When discussing quality one must consider design, production, and service. 

In a culmination of efforts, it begins with careful assessment of what the customers want, then translating this 

information into technical specifications to which goods or services must conform. The specifications guide 

product and service design, process design, production of goods and delivery of services, and service after 

the sale or delivery. 

 

Some of these consequences of poor quality include loss of business, liability, decreased productivity, and 

increased costs. However, good quality has its own costs, including prevention, appraisal, and failure. A 

recent and more effective approach is discovering ways to prevent problems, instead of trying to fix them 

once they occur. This will ultimately decrease the cost of good quality in the long run. 

 

Eight dimensions of product quality management can be used at a strategic level to analyze quality 

characteristics (Garvin., 2011). Some of the dimensions are mutually reinforcing, whereas others are not 

improvise in one may be at the expense of others. Understanding the trade-offs desired by customers among 

these dimensions can help build a competitive advantage. Garvin's eight dimensions can be summarized as 

follows. 

 

 Performance: Performance refers to a product's primary operating characteristics. This dimension 

of quality involves measurable attributes; brands can usually be ranked objectively on individual 

aspects of performance 

 Features: Features are additional characteristics that enhance the appeal of the product or service to 

the user 

  Reliability: Reliability is the likelihood that a product will not fail within a specific time period. 

This is a key element for users who need the product to work without fail. 

 Conformance: Conformance is the precision with which the product or service meets the specified 

standards. 

 Durability: Durability measures the length of a product’s life. When the product can be repaired, 

estimating durability is more complicated. The item will be used until it is no longer economical to 

operate it. This happens when the repair rate and the associated costs increase significantly. 

 Serviceability: Serviceability is the speed with which the product can be put into service when it 

breaks down, as well as the competence and the behavior of the service person. 

 Aesthetics: Aesthetics is the subjective dimension indicating the kind of response a user has to a 

product. It represents the individual’s personal preference. 

 Perceived Quality: Perceived Quality is the quality attributed to a good or service based on indirect 

measures. 
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Successful management of quality requires that managers have insights on various aspects of quality. These 

include defining quality in operational terms, understanding the costs and benefits of quality, recognizing the 

consequences of poor quality and recognizing the need for ethical behavior. Understanding dimensions that 

customers use to judge the quality of a product or service helps organizations meet customer expectations. In 

order to design a product for a quality enhancement there are three quality determinants that has to be 

considered which can improve the customer satisfaction.(Hung.F et al., 2009) By considering these 

determinants it improve the reliability of the product such that consumers will be more satisfied and be more 

loyal towards the product. Therefore according to Hung F et al.,(2009) those three determinants are explained 

as follows. 

 

 Quality of Design – intention of designers to include or exclude features in a product or service. The 

starting point of producing quality in products begins in the "design phase". Designing decisions 

may involve product or service size, shape and location. When making designs, designers must keep 

in mind customer wants, production or service capabilities, safety and liability, costs, and other 

similar considerations. 

 Quality of conformance – refers to the degree to which goods and services conform to the intent of 

the designer. Quality of conformance can easily be affected by factors like: capability of equipment 

used, skills, training, and motivation of workers, extent to which the design lends itself to 

production, the monitoring process to assess conformance, and the taking of corrective action. 

 Ease of use – refers to the ease of usage of the product or services for the customers. The term "ease 

of use" refers to user instructions. Designing a product with "ease of use" increases the chances that 

the product will be used in its intended design and it will continue to function properly and safely. 

Without ease of use, companies may lose customers, face sales returns, or legal problems from 

product injuries. Ease of use also applies to services. Manufacturers must make sure that directions 

for unpacking, assembling, using, maintaining, and adjusting the product are included. Directions for 

"What to do when something goes wrong" should also be included. Ease of use makes a consumer 

very happy and can help retain customers.  
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CHAPTER 3 

METHODOLOGY 

 
This chapter presents the methodology used to identify the relationship between the ease of use of the 

product and the quality of the product. The first part of the chapter presents the concept on how the behavior 

of ease of use of a product changes when the product quality decreases with time. The last part of the 

chapter represents mathematical tool which is used to support concept constructed regarding the relationship 

between product’s quality and ease of use of the product. 

 

 
3.1 Relationship between ease of use and product’s quality 

 
Studies regarding concept ease of use of a product obtain many definitions. According to ISO 9241 standards 

Ease of use can be explained 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. And on the other 

hand when concern about quality of a product, it obtains a broad range of study. According to theoretical 

definitions quality of a product refers to the ability of a product to consistently meet or exceed customer 

requirements and expectations. These are the two major components of this study. 

 

The main aim of this study is determine the behavior of ease of use in a product, when the quality of the 

product decreases. To identify the relationship between the components, first the dimensions of these 

components should be studied thoroughly and the interactions between the dimensions should be identified.  

 

Table 3.1 shows the dimensions of ease of use of a product and the quality of a product. 

 

Table 3.1: Dimensions of ease of use and product’s quality (ISO 9241 standards) 

 

Ease  of use Product’s quality 

efficiency performance 

effectiveness features 

Error tolerance reliability 

Easy to use conformance 

 durability 

 serviceability 

 aesthetics 

 Perceived quality 

 

 
The interactions have been identified through the aid of previous literatures and by investigating the 

connection between the dimensions through their own definitions.  

 
When study about the Performance of a product, it is a vital factor to satisfy the customer. Performance refers 

to a product's primary operating characteristics. The performance of a product often influences the 

profitability or reputation of the end-user. As such, many contracts or specifications include damages related 

to inadequate performance (Adams., 1992). On the other hand, when concern about effectiveness, it is the 

completeness and accuracy with which users achieve specified goals. It is determined by looking at whether 

the user’s goals were met successfully and whether all work is correct (Nelson et al., 1999). In the same 

manner, Efficiency can be described as the speed (with accuracy) in which users can complete the tasks for 

which they use the product. ISO 9241 defines efficiency as the total resources expended in a task (Dalton E. 
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et al., 2016). Therefore, simply with the definitions when the performance of a product is higher, the 

effectiveness and the efficiency of the particular product also increase. 

 

Furthermore, Aesthetics of a product is the subjective dimension indicating the kind of response a user has to 

a product. It represents the individual’s personal preference. Basically, Aesthetics refers to how the product 

looks feels, sounds, tastes or smells (Shah H. 2011). It is clearly a matter of personal judgment and a 

reflection of individual preference. Nevertheless, there appear to be some patterns in consumers' rankings of 

products on the basis of taste (Zaveri., 2015). And from the perspective of ease of use, a product is engaging 

if it pleasant and satisfying to use (Ghosh et al., 2014). Through this information, it is clear that aesthetics 

and engaging property of a product has a strong relationship. If a person can perform the basic tasks of a 

product with minimum effort when use it for the first time, that depicts how ease to learn about the product. 

So if the product is more ease to use, the customer’s personal preference towards the product increases. 

Therefore, easy to learn property and aesthetic property shows a direct relationship among each other. 

 

Also, the personal preference towards a product depends on the reliability and the durability of the product 

(Abromovici et al., 2014). Durability measures the length of a product’s life.  Reliability is the likelihood that 

a product will not fail within a specific time period. Durability and reliability are key elements for the users 

who need the product to work without fail (Keil ., 1998), (Shakel et al., 1999). Taking these factors into 

consideration aesthetics of a product can be linked to durability and reliability of a product. 

When concern about error tolerance property of the ease of use of a product, it can be linked to few 

properties in the product’s quality. According to ISO 9241 the error tolerance property can be categorized 

into three factors; 

 How many errors the consumer have to face when use the products 

 How severe are the errors  

 How easily the errors can be recovered back to proper use. 

When a product is subjected to more and more errors it will directly affect the performance of the 

product.  Features are additional characteristics that enhance the appeal of the product or service to the user. 

Therefore errors can be linked towards the features of the product too. Further durability and the reliability 

will also be affected if the product tends to give more errors (Henneman R., 1999), (Rodrigues et al., 2013). 

When study about the serviceability, it is the speed with which the product can be put into service when it 

breaks down, as well as the competence and the behavior of the serviceperson. Serviceability and error 

tolerance can be linked when both components are categorized into its properties. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 
 

 

 Figure 3.1: interaction between serviceability and error tolerance 
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As explained in figure 3.1, it can be clearly seen that serviceability also can be linked towards the error 

tolerance of a product. 

 

Therefore, through the definitions of each factor and with the use of previous literatures, it is clear that the 

dimensions of product quality and ease of use of a product can be linked together. Also through the examined 

information, product quality can no longer be assumed as a constant or remains same, because according to 

its definitions it should be considered as a dependent variable. 

 

 
3.1.1 Relationship matrix 

 

As explained in the previous section, a clear relationship between product’s quality and ease of use of a 

product can be identified after studying its dimensions. Except the ease to learn property, all other 

dimensions of ease of use show a significant link with the dimensions of the product quality. 

 

On the other hand except for the conformance and perceived quality dimensions, all other dimensions of 

product’s quality show a significant relationship with the dimensions of ease of use. Conformance is the 

precision with which the product or service meets the specified standards. Perceived Quality is the quality 

attributed to a good or service based on indirect measures. Both these dimensions, applied on the product 

before the product is being operated or used for work. So these dimensions cannot be linked with the ease of 

use properties.  

 

The following matrix shows the relationship of each dimension of ease of use with the dimensions of 

product’s quality. With this matrix, it can clearly identify the existence of a convenient relationship between 

ease of use and product’s quality. This matrix can be a vital element when studying about the ease of use of a 

product and to integrate product quality towards it. 

  

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Therefore it is clear that except conformance and perceived quality dimensions, all other quality dimensions 

show interactions towards the ease of use dimensions. But only using this relationship matrix it is hard to 

obtain the behavioral pattern of ease of use when the product quality drops down. Therefore by studying how 

much deeply the previous literatures have commented on the above mentioned relationships, a priority has 

been given to each and every interaction between the dimensions 

 

 
3.1.2 Priority matrix 

  
The main purpose of the priority matrix is to show, how strong is the relationship between these dimensions 
of product’s quality and ease of use. Also the components which show the higher relationship between each 

other can be identified through the priority matrix. This priority has been given through by how much 

Table 3.2 Relationship matrix 
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importance given by the previous literature on each relationship and how strongly it can be linked through 

the definitions of each dimension. 

And when researchers continue to study on ease of use or when design a system for ease of use, it can be 

easily identified, about which dimensions of product quality should be integrated into to the study, in order to 

show that product quality also has an impact on the ease of use of a product. 

  

 

 

3 = strong relationship exists, 1 = slight relationship exists, 0 = no relationship exists 

 

 
In the above explained matrix, the score 3 is given to the interactions where a strong relationship exists. And 

according to this matrix only performance and aesthetic property obtains the stronger relationship with the 

ease of use dimensions. Therefore performance and aesthetic property can be identified as the key factors 

which show a strong interaction towards the ease of use dimensions.  

 

On the other hand, when discuss about the idea behind ease of use of a product it is basically how quickly a 

person can perform a particular task in a product accurately.  

 

 
3.1.4 Factors affecting ease of use of a product 

 

If the user can perform a task in a product quickly with a successful result, then it can be identified as easy to 

use. But when discuss about the factors which involves for a user while attempting on a task, mainly there are 

two factors as shown in figure 3.2. 

 

 

 

 

 

 

 

 

 

 

 

 

Effort and focus can be categorized as the major key factors which affect when a person attempt on a given 

task of a particular product. Effort can be explained as how the user physically involves towards the task. 

And the focus can be explained as the concentration that the user to attempt on the particular task.  
 

Table 3.3: Priority matrix 

Figure 3.2: Factors affecting a task 
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When concern about how ease of dimensions are connected to towards effort and focus, all the five 

dimensions of ease of use show clear relationship with effort and focus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Effectiveness can be explained as how many accurate results can be obtained from a product. If the user has 

to use less effort and focus to accomplish a task, then achieving accurate results will be an easy task. Also 

efficiency means how quickly the user can obtain accurate results. When the person has to use less effort and 

focus, the person will obtain many accurate results in a given time period. And on the other hand, engaging 

means the satisfaction the person obtains when the person is engaged in the product. If the person has to use 

less effort and focus on a product, obviously the person is satisfied with the product. If the product is 

subjected to more errors, the person has to use more effort and focus to achieve a successful outcome. Also if 

a person has to use less effort and focus towards a product, then the person will undoubtedly will accomplish 

the basic tasks of the product quickly. 

 

Therefore as explained in the above paragraph, changes in the effort and focus used by a person will directly 

affect towards all the five dimensions of ease of use. Since effort and focus shows a stronger interrelationship 

towards ease of use dimensions, effort and focus can be connected to product’s quality through the aid of the 

with the priority matrix. As explained before the key factors obtained by the priority matrix on the quality 

perspective are performance and Aesthetic property. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3: Interaction between effort and focus towards ease of use dimensions 

Figure 3.4: Interaction between effort and focus towards key factors of priority matrix 
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When concern about the interaction between effort and focus towards the two key factors from priority 

matrix it can be illustrated as shown in figure 3.4. Aesthetic property means the personal preference towards 

the product. Therefore the aesthetic property of a product plays a major role in the pre-purchase stage of the 

product. But effort and focus is used while using the product. Since aesthetic property does not help much 

during the usage stage of the product it cannot be linked with effort and focus. But performance of a product 

plays a greater role during the usage of the product. Therefore, effort and focus can be linked towards the 

performance of a product. By identifying the relationship between performance and ease of use, the link 

between product’s quality and ease of use can be identified.  

 

 
3.1.5 Ease of use behavior with product’s quality 

 
The consistency of the performance of a product mainly depends on two factors and those are usage hours of 

the product and customer (Shrestha et al., 2012). Also quality of a product will not be improved by itself after 

it is been produced. It will either remains same or decrease with more usage (Sergio et al., 2000, Kuwahk et 

al., 2002). It means the performances of a product also will either remains same or decrease with more usage. 

When the performance of a product decrease with time, it will be quite difficult to obtain a successful 

outcome from the particular product. That means the user has to use more effort and focus in order to 

persuade for successful result. If this scenario interprets in a graphical manner it will be as follows. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The graphical representation in figure 3.5 shows how effort and focus increases when the performance of the 

product decreases. On the other hand, as explained earlier, when a person uses more effort and focus to 
complete a task, that means the product is difficult to use. Therefore it is clear that, when the performance of 

a product drops, the user have to put more effort and focus to complete task such that the ease of use of the 

Figure 3.5: behaviour of effort and focus due to changes in performance 
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product also drops. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Therefore from the graphical representation shown in figure 3.6 it can be state that, when the performance of 

a product drops down with time, then the ease of use of the product also drops down with time. Since 

performance is a sub dimension of product’s quality, when the performance of the product drops down, the 

quality of the product also drops down automatically.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Therefore finally it can conclude that when the quality of a product drops down the more usage time, the ease 

of use of the product also decrease respectively. In order to support this concept, this study has conducted 

Figure 3.6: behaviour of ease of use due to changes in performance 

Figure 3.7: Behaviour of ease of use due to decline of product’s quality 
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case studies using a mathematical model.  

 

3.2 Mathematical model 

 

When consider on the practical scenarios of ease of use, performing a particular operation using minimum 

time can most likely to be identified as ease of use. If the user spends very less time on a particular product 

in order to obtain a successful outcome that is more conveniently recognized as easy to use. Time spent by a 

user on an event to obtain a correct result can acquire various explanations. One of those explanation will be 

the number of attempts persuaded by a person on an event before obtain the successful result. 

 

When discuss about number of attempts, if a person has to attempt many times before a correct result, that 

can be explained a difficult to use. On the other hand if the person can obtain successful result by very few 

attempts that can be explained as easy to use. Therefore according to this particular concept, if plot a graph 

between the ease of use of a product and the number of attempts persuaded by the user, it will gain the 

following shape. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The explanation of the graph shown in figure 3.8 is explained below: 

 

 A-B  -  If a person can perform an event to obtain a correct result with first few attempts, the person 

feels the product is easy to use. Therefore the slope of the graph is very low.  

 B-C  -  If a person cannot obtain the successful result after attempting three or four attempts, then 

the person starts to feel the difficultness of the product. Therefore the slope of the graph is 

increased. 

 C-D  - If a person cannot obtain the correct result even after attempting nearly seven or eight 

attempts, then the person feels that product is quite difficult to use. The slope decreases again 

because after reach point C it explains that the product is already difficult to use. 

   

 

And if we consider about a particular attempt in the graph, and if assume the particular user acquire T 

seconds to complete the particular attempt, the scenario can be explained on a time scale as below. 

 

 

 

. 

   

 

Figure 3.8: Relationship between EOU and number of attempts 
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If the person spends T seconds on the attempt, that can be considered as the effort used by the person 

towards the particular attempt. The person uses a particular time to focus on the attempt and another 

particular time to execute the attempt. The combination of both the focus time and execution time can be 

interpreted as the effort used by the person towards the attempt. Therefore execution time can be illustrated 

as, 

 

𝐸𝑥𝑒𝑐𝑢𝑡𝑖𝑜𝑛 = 𝑒𝑓𝑓𝑜𝑟𝑡 − 𝑓𝑜𝑐𝑢𝑠 

 

And on the other hand if consider about the ideal case for ease of use, obviously it is the first attempt. If 

assume that the person acquires Ta seconds on the first attempt, ideal scenario can be explained as below, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As explained before Ta seconds will be the effort used by the person. To be the ideal case for ease of use, 

the person should not use any focus during the attempt. That means the effort that the person spent on the 

attempt can be explained as the execution time that uses towards the attempt. Therefore if the effort used by 

the person is equal to the execution time and the person obtain the successful result on the first attempt that 

can be considered as the ideal scenario for ease of use. Basically that can be identified as execution time 

without constraints. 

 

Therefore if explain this ideal scenario in a simple equation, it can be illustrated as follows, 

 

 

 

 

 

Figure 3.9: Elements of a general task 

Figure 3.10: Elements of an ideal task 
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𝐸𝑂𝑈 =  
𝐼𝑑𝑒𝑎𝑙 𝑒𝑥𝑒𝑐𝑢𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑐𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡𝑠

𝐴𝑐𝑡𝑢𝑎𝑙 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑠𝑢𝑐𝑐𝑒𝑠𝑠
=  

𝑇𝑎

𝑇𝑎
= 1 

 

But if consider the general scenario, a person might take few attempts before achieving the successful 

outcome. Then the time that person spend on the task also increases. Therefore the general scenario can be 

interpreted on a time scale as, 

 

 

𝐸𝑂𝑈 =  
 𝐸𝑥𝑒𝑐𝑢𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑐𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡𝑠 𝑓𝑜𝑟 1𝑠𝑡 𝑎𝑡𝑡𝑒𝑚𝑝𝑡

𝐴𝑐𝑡𝑢𝑎𝑙 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑠𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙 𝑜𝑢𝑡𝑐𝑜𝑚𝑒
=  

𝑇𝑎1

𝑇1 + 𝑇2 + 𝑇3 + ⋯ + 𝑇𝑖
 

 

 

Also as explained, the execution time without constraints means that no focus is used. Therefore it can be 

interpreted by deducting the focus time used for the event by the total time for the attempt. Therefore the 

above expression can be further explained as, 

 

𝐸𝑂𝑈 =  
𝑇𝑖𝑚𝑒 𝑓𝑜𝑟 1𝑠𝑡 𝑎𝑡𝑡𝑒𝑚𝑝𝑡 − 𝑓𝑜𝑐𝑢𝑠 𝑡𝑖𝑚𝑒 

𝐴𝑐𝑡𝑢𝑎𝑙 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑠𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙 𝑜𝑢𝑡𝑐𝑜𝑚𝑒
 

 

Also ease of use is a function of number of attempts and relationship between ease of use and the number of 

attempts has already explained before in this section. Therefore this equation should also satisfy the 

mentioned relationship between ease of use and number of attempts. Basically the ease of use equation 

should satisfy the above illustrated graph for ease of use versus the number of attempts. Therefore the 

mentioned equation has been improved by introducing a shape parameter as follows, 

 

𝐸𝑂𝑈 =
𝐴𝑣𝑔. 𝑇𝑖𝑚𝑒 𝑓𝑜𝑟 1𝑠𝑡 𝑎𝑡𝑡𝑒𝑚𝑝𝑡 − 𝐴𝑣𝑔. 𝑓𝑜𝑐𝑢𝑠 𝑡𝑖𝑚𝑒

𝐴𝑣𝑔. 𝑎𝑐𝑡𝑢𝑎𝑙 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑠𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙 𝑜𝑢𝑡𝑐𝑜𝑚𝑒
∗ 

𝑛(2 + ln(𝑛))

𝑛 + 1
 

 

 

The shape parameter introduced here is the number of attempts persuaded by the user before the successful 

outcome. And the particular weight for this parameter has been given in order to satisfy the above 

mentioned graph for ease of use versus the number of attempts. This is the final equation that is used in this 

study in order to support the concept that has been proved earlier. To accomplish this target, two case 

studies have been conducted and results of these case studies are explained in the following chapter. 

 

 

 

 

 

 

Figure 3.11: Ideal situation for ease of use 

 

Figure 3.12: General situation when attempt a task 
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CHAPTER 4 

 
IMPLEMENTATION AND RESULTS 

 

 
This chapter describes how the above mentioned math model can be used in a real scenario. In order to 

check the validity of the particular math model, two case studies have been done and analyzed. Therefore 

this chapter explains the results analysis from those particular case studies and also it shows how the Ease 

of use of product changes when the usage of the particular product increases. 

 

4.1 Case study 01: Badminton racquet 

 
This section presents the first case studied that have been done in this study. An experiment has been done 

to collect the data about the ease of use of the badminton racquet and the analysis has been shown in below 

content. 

 
 
4.1.1 Product background 

 

Badminton racquets are lightweight, with top quality racquets weighing between 70 and 95 grams (2.5 and 

3.4 ounces) not including grip or strings.
 
They are composed of many different materials ranging 

from carbon fiber composite (graphite reinforced plastic) to solid steel, which may be augmented by a 

variety of materials. Carbon fiber has an excellent strength to weight ratio, is stiff, and gives 

excellent kinetic energy transfer. Before the adoption of carbon fiber composite, racquets were made of 

light metals such as aluminum. Earlier still, racquets were made of wood. Cheap racquets are still often 

made of metals such as steel, but wooden racquets are no longer manufactured for the ordinary market, 

because of their excessive mass and cost. Nowadays, nanomaterials such as fullerene and carbon 

nanotubes are added to racquets giving them greater durability. There is a wide variety of racquet designs, 

although the laws limit the racquet size and shape. Different racquets have playing characteristics that 

appeal to different players. The traditional oval head shape is still available, but an isometric head shape is 

increasingly common in new racquets. 

But according to professional players, when the use rackets for a particular time, there are cracks that occur 

in the frame of the racquet. It occurs because when hit hard shots, due to the pressure inserted by the 

shuttlecock speed towards the racquet. This scenario let the performance of the racquet drop down and it 

directly affects towards the skill of the professional players. This is main reason that this product has been 

chosen for this experiment in order to see how the ease of use of a racquet changes when the increase of 

usage of the racquet. 

 

4.1.2 Controlled parameters 
 

In order to carry out the experiment some of the parameters had to be controlled. Because as this is an 

sports experiment many external parameters can affect the changes in results. Following are the parameters 

that have been controlled in the experiment. 

 

 Model of the racquet – Aspecs 900 powers has been chosen for this experiment as it is much 

popular among the professional players. 

 Grip of the racquet – grip of the racquet allows the comfortability towards the player. Therefore it 

had to be controlled since all players should feel same comfortability. 

 Tension of the string – Tension and the thickness of the string affects the power of the hit. 

Therefore the tension and the type of the strings also had to be controlled so as all the racquets have 

the same tension in the strings. 

https://en.wikipedia.org/wiki/Racket_(sports_equipment)
https://en.wikipedia.org/wiki/Carbon_fiber_composite
https://en.wikipedia.org/wiki/Graphite_reinforced_plastic
https://en.wikipedia.org/wiki/Carbon_fiber
https://en.wikipedia.org/wiki/Kinetic_energy
https://en.wikipedia.org/wiki/Fullerene
https://en.wikipedia.org/wiki/Carbon_nanotubes
https://en.wikipedia.org/wiki/Carbon_nanotubes
https://en.wiktionary.org/wiki/isometric


27  

 Type of the shuttlecock – There are different type of shuttlecocks with different hang times. 

Therefore to get accurate results, this parameter also been controlled and shuttlecock with a plastic 

skirt has been used in this experiment. 

 

 
4.1.3 Varied parameters 

 

In this experiment the main aim is to check how the ease of use of the racquet changes when the increase in 

usage of the racquet.  Also as this is a sports experiment, the skill level of the participant also should be 

considered. Therefore following parameters has been varied to carry out the experiment to get an accurate 

outcome. 

 

 Usage of the racquets  

o Racquet 0 – A Brand new racquet 

o Racquet 1 – A racquet used for 10 months.\ 

o Racquet 2 – A Racquet used for 25 months. 

 Skill of the participants 

o Beginners – players who been playing regularly for 1-2 months 

o Intermediates – players who been playing regularly for 1-2 years 

o Experts – players who been playing regularly for more than 6 years 

 

Both the rackets used in this experiment are used by professional players and being using on a daily basis. 

Therefore there is a high tendency that the quality of these rackets has been dropped with more usage. 

 

 
4.1.4 Event of the experiment 

 

The event of this experiment is to hit a perfect clear shot to given specific area. First the participant is asked 

to stay on the mark which is placed on the middle of the court. After the shuttle is being served, the 

participant has to move back and hit a clear shot to the given mark. Effort and focus both has been used for 

this experiment in order to achieve the outcome. Following figures (figure 4.1, figure 4.2, figure 4.3) shows 

the procedure of the event. 

 

Step 01 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.1: starting position for the task – badminton Racket case study 
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Step 02 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 03 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As explained in the previous chapter, the effort and focus is measured by time. In this experiment the 

particular time is measured when the shuttle is served from the server, until the participant hit the shuttle to 

be a clear shot. Also the person who serves the shuttle, is considered as a professional player, therefore it 

can be assumed that the shuttle is being served to each and every player at a same rate. Also in order to get 

clear and accurate results, the owners of the particular mentioned racquets have not been included in the 

experiment as they possess more familiarity towards those racquets. The main constraints that has to be 

measure out of this experiment are as follows 

 Average effort for the first attempt 

 Average focus time for the event 

 Average time before a successful outcome 

Figure 4.2- execution position for the task – badminton racket case study 

Figure 4.3: position where shuttle should land – badminton racket case study 
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 Number of attempts before a successful outcome 

 

 
4.1.5 Average time for the first attempt 

 

Table 4.1 shows how the participants acquire time for the first attempt. Although here is not much 

difference between the results, still there is a slight increase in the average time acquired for the first 

attempts by the participants, when the usage of the racquet increases. 

 

 

 

 
4.1.6 Average focus time for the event 

 
The main purpose of this section is to calculate the focus time by the participants towards the above 

mentioned event in the particular case study. But in this experiment the total effort of a person is nearly 

three to four seconds. Therefore differentiating between focus time and execution time is a bit difficult task. 

In order to achieve this target this study has introduced a new event where it should satisfy the following 

scenario.  

 

 

 

 

 

 

 

 

 

 

In the newly introduced event, the participant does not need to any focus to use for the event. Therefore 

participant’s effort for new event will be equal to the execution time. The new event experiment is to hit a 

clear shot. Participants do not have to worry about where the shuttle lands. Basically there is no specific 

area marked where the shuttle should land. Same as the main experiment the participant is asked to stay on 

the mark which is placed on the middle of the court. After the shuttle is being served, the participant has to 

move back and hit a clear shot. Then the focus time for the main event of the experiment will be as follows 

 

𝑓𝑜𝑐𝑢𝑠 𝑡𝑖𝑚𝑒 = 𝑒𝑓𝑓𝑜𝑟𝑡 − 𝑒𝑥𝑒𝑐𝑢𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 

 

𝑓𝑜𝑐𝑢𝑠 𝑡𝑖𝑚𝑒 = 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑚𝑎𝑖𝑛 𝑒𝑣𝑒𝑛𝑡 − 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑛𝑒𝑤 𝑒𝑣𝑒𝑛𝑡 

 

Focus time can be calculated by the difference in time spent for these two events, because as explained 

above, participants do not have use focus to the newly introduced event. Table 4.2 shows how the 

participants acquire focus time for the main event of this experiment. 

 Racquet 0 Racquet 1 Racquet 2 

Beginner 3.178s 3.195s 3.203s 

Intermediates 3.165s 3.180s 3.190s 

Experts 3.093s 3.108s 3.108s 

Table 4.1: Average effort for 1
st
 attempt – badminton racket case study 

Figure 4.4: Scenario for newly introduced event – badminton racket case study 
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   Table 4.2: Focus time for the task – badminton racket case study 

 

 Racquet 0 Racquet 1 Racquet 2 

Beginner 0.315s 0.210s 0.255s 

Intermediates 0.428s 0.368s 0.333s 

Experts 0.508s 0.540s 0.490s 

 

 

 
4.1.7 Average time before successful outcome 

 

Table 4.3 shows how much average time has been spent by the participants in order to perform a successful 

shot. From the results, it is clear that there is a huge difference among the skill level of the players and also 

among the usage of the racquet. 

 

 

Table 4.3 – Average time for success – badminton racket case study 

 

 Racquet 0 Racquet 1 Racquet 2 

Beginner 24.643s 25.503s 35.063s 

Intermediates 13.495s 17.465s 19.808s 

Experts 6.168s 8.510s 12.375s 

 

 
4.1.8 Average number of attempts 

 

Table 4.4 shows how many attempts have been tried by the participant in order to perform the successful 

outcome. From the results, it is clear that there is a huge difference among the skill level of the players and 

also among the usage of the racquet. Participants have attempted more and more to make the successful 

outcome when play with more used racquets. 

 

Table 4.4: Average number of attempts for success – badminton racket case study 

 

 Racquet 0 Racquet 1 Racquet 2 

Beginner 7.75 8.25 11 

Intermediates 4.25 5.5 7 

Experts 2 2.75 4 
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4.1.9 Ease of use score of the product (aspecs 900 power racquet) 
 

By using the mathematical model that explained in the previous chapter, Ease of use score for the each 

badminton racquet used in this experiment by the different skill level players has been calculated. Table 4.5 

shows the Ease of use score for these particular aged racquets.  

 

Table 4.5: EOU score – badminton racket case study 

 

 Racquet 0 Racquet 1 Racquet 2 

Beginner 0.418 0.408 0.339 

Intermediates 0.566 0.505 0.487 

Experts 0.752 0.667 0.571 

 
 

4.1.10 Anova analysis of the Ease of use score 
 

The main aspect of performing an anova analysis is to check the significance between ease of use score of 

the product and the usage of the product. As it is clear that, form the above results, there is much 

significance between the skill level of the participant and the ease of use of the product.  

 

 

The alpha value for this anova analysis was 0.05. According to the anova test, if the P-value is lesser than 

0.05 and F-critical value lesser than F-value it can be considered as an existence of a significance 

relationship. Therefore according to the results from the anova test, it is clear that effect of the usage level 

of the racquet is significant towards the Ease of use level of the racquet. 

 

 
4.1.11 Graphical representation of the Ease of use score 

 

Following graph shows how the each skill level players has responded to the each usage level of the 

racquet, and how the ease of use has been dropped according to the specific skill players, for the differently 

used racquets. 

Figure 4.5: Anova analysis – badminton racket case study 
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According to the graphical results, it is clear that when the usage level of the racquet increases, the ease of 

use level of the racquet has been dropped. Also according to the results, the slope of the graph for experts is 

more than the intermediates and the beginners, because experts have the most skill level, and can sense the 

defects of usage more than other skill level players. 

 

 
4.1.12 Drop of Ease of use level with usage 

 

Figure 4.7 shows how the ease of use level of the racquet dropped with time. The results are shown as 

percentage value. This percentage drop has calculated with respect to the brand new condition of the 

racquet. Therefore these results basically interpret how the ease of use level of the racquet has been dropped 

after using for 10 months and 25 months. 

 

 

 

 

 

 

 

 

 

 

 

As explained earlier the experts have sensed the drop of the ease of use level of the racquet more than the 

other skill level of the participants. 

 

 

 

Figure 4.6: EOU depletion – badminton racket case study 

Figure 4.7: EOU depletion as a percentage – badminton racket case study 
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4.2 Case study 02: Bike (cycle) 

 
This section presents the second case studied that have been done in this study. An experiment has been 

done to collect the data about the ease of use of the bike used and the analysis has been shown in below 

content. 

 
 
4.2.1 Product background 

 

A bicycle, also called a cycle or bike, is a human-powered, pedal-driven, single-track vehicle, having 

two wheels attached to a frame, one behind the other. A bicycle rider is called a cyclist, or bicyclist. The 

main aspect of this experiment is to check how the ease of use of riding the bike has changed with more 

usage of the bike. The key points that are focused in the bike are brakes of the bike and as well as the 

handling of the bike.  

 

The bike used for this experiment is trinx M136. This bike is specially manufactured for hard roads and 

daily use. It is consisted of an aluminum frame which is more durable and with disc brakes which is one of 

the key feature of the bike. According to most of the reviews of the users, the condition of disc brakes drops 

down with more usage of the product. So this experiment is done in order to check how the ease of use level 

of the bike drops down with more usage of the bike. 

 

 
4.2.2 Controlled parameters 

 

In order to carry out the experiment some of the parameters had to be controlled. As this experiment is done 

mainly focusing brake system of the bike many external parameters can affect the changes in results. 

Following are the parameters that have been controlled in the experiment. 

 

 Model of the bike – Trinx M136 bike is used for experiment 

 Condition of tires – Tires of all the bikes are just 2 weeks used 

 Air filled to tires – before the experiment, air is filled to tires of all the bikes up to the level. 

 Condition of the road – the experiment is done on the same road, so all the participants have to ride 

the bike on the same condition of the road 

 Skill level of the participants – The participants are fourth year bachelor students from AIT and all 

around 24 years old, therefore it is assumed that the all the participants perform the same skill 

level. 

 

 
4.2.3 Varied parameters 

 
In this experiment the main aim is to check how the ease of use of the bike changes when the increase in 

usage of the bike. Therefore following parameters has been varied to carry out the experiment to get an 

accurate outcome. 

 

 Usage of the bikes  

o Bike 0 – A Bike used for 3 weeks (reference) 

o Bike 1 – A Bike used for 14 months. 

o Bike 2 – A Bike used for 21 months. 

 

Except the reference bike both the other bikes used in this experiment are used by university student on a 

regular basis. Therefore there is a high tendency that the quality of these bikes has been dropped with usage. 

 

 

https://en.wikipedia.org/wiki/Human-powered_transport
https://en.wikipedia.org/wiki/Bicycle_pedal
https://en.wikipedia.org/wiki/Single-track_vehicle
https://en.wikipedia.org/wiki/Bicycle_wheel
https://en.wikipedia.org/wiki/Bicycle_frame
https://en.wikipedia.org/wiki/Cycling
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4.2.4 Event of the experiment 
 

The event of this experiment is to ride bike for 35m straight in between 2 given lines. The distance between 

the given lines is 6 inches. The line has drawn narrower because then the participant has to control the 

position of the bike using brakes and its handling. Effort and focus both has been used for this experiment in 

order to achieve the outcome. Following figures (figure 4.8, figure 4.9) shows the path where participants 

have to ride the bike. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As explained in the previous chapter, the effort and focus is measured by time. In this experiment the 

particular time is measured when the participant start to ride the bike from the starting point until he achieve 

the final point or fail the event. Also in order to get clear and accurate results, the owners of the particular 

mentioned bikes have not been included in the experiment as they possess more familiarity towards those 

bikes. The main constraints that has to be measure out of this experiment are as follows 

Figure 4.8: path for the event – bike case study 

Figure 4.9: Thickness between two lines – bike case study 
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 Average effort for the first attempt 

 Average focus time for the event 

 Average time before a successful outcome 

 Number of attempts before a successful outcome. 

 

 
4.2.5 Average time for the first attempt 

 

Table 4.6 shows how the participants acquire time for the first attempt. Although here is not much difference 

between the results, still there is a slight increase in the average time acquired for the first attempts by the 

participants, when the usage of the bike increases. 

 

Table 4.6: Average effort for 1
st
 attempt – bike case study 

 

 
Average time for 1

st
 attempt 

Bike 0 13.561s 

Bike 1 13.319s 

Bike 2 12.246s 

 

 
4.2.6 Average focus time for the event 

 

The main purpose of this section is to calculate the focus time by the participants towards the above 

mentioned event in the particular case study. But in this experiment the participant uses his focus during 

executing the given task. Therefore differentiating between focus time and execution time is a bit difficult 

task. In order to achieve this target this study has introduced a new event where it should satisfy the 

following scenario.  

 

 

 

 

 

 

 

 

 

 

In the newly introduced event, the participant does not need to any focus to use for the event. Therefore 

participant’s effort for new event will be equal to the execution time. The new event experiment is to ride 

the bike 35m forward. Participants do not have restrictions about the path, but only have to ride forward 

from start point to end which is 35m in length. Basically there are no specific two lines marked where 

participants have to ride in between the space. Then the focus time for the main event of the experiment will 

be as follows. 

 

𝑓𝑜𝑐𝑢𝑠 𝑡𝑖𝑚𝑒 = 𝑒𝑓𝑓𝑜𝑟𝑡 − 𝑒𝑥𝑒𝑐𝑢𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒 

 

𝑓𝑜𝑐𝑢𝑠 𝑡𝑖𝑚𝑒 = 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑚𝑎𝑖𝑛 𝑒𝑣𝑒𝑛𝑡 − 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑛𝑒𝑤 𝑒𝑣𝑒𝑛𝑡 

 

Focus time can be calculated by the difference in time spent for these two events, because as explained 

above, participants do not have use focus to the newly introduced event. Following shows how the 

Figure 4.10: Scenario for newly introduced event – bike case study 
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participants acquire focus time for the main event of this experiment. 

 

 

Table 4.7: Average focus time for the task – bike case study 

 

 

 

 

 

 
 
4.2.7 Average time before successful outcome 

 

Table 4.8 shows how much average time has been spent by the participants in order to perform a successful 

ride. From the results, it is clear that there is a huge difference among the usage of the bike. 

 

Table 4.8: Average time for success – bike case study 

 

 

 

 

 

 
 
4.2.8 Average number of attempts 

 

Table 4.9 shows how many attempts have been tried by the participant in order to perform the successful 

outcome. From the results, it is clear that there is a huge difference among the usage of the bike. 

Participants have attempted more and more to make the successful outcome when ride with more used 

bikes. 

 

Table 4.9: Average number of attempts for success – bike case study 

 

 

 

 

 

 

 
4.2.9 Ease of use level of the product (Trinx M136 bike) 

 
By using the mathematical model that explained in the previous chapter, Ease of use score for the each bike 

used in this experiment by the participants has been calculated. The following table shows the Ease of use 

score for these particular aged bikes.  

 

 
Average focus time for the main event 

Bike 0 4.659s 

Bike 1 4.328s 

Bike 2 3.079s 

 
Average time before successful 

outcome 

Bike 0 4.659s 

Bike 1 4.328s 

Bike 2 3.079s 

 
Average number of attempts 

Bike 0 3.7 

Bike 1 6 

Bike 2 10.1 
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Table 4.10: EOU score – bike case study 

  

 

 

 

 

 
4.2.10     Anova analysis of the Ease of use score 

 
The main aspect of performing an anova analysis is to check the significance between ease of use score of 

the product and the usage of the product.  

 

 

 

The alpha value for this anova analysis was 0.05. According to the anova test, if the P-value is lesser than 

0.05 and F-critical value lesser than F-value it can be considered as an existence of a significance 

relationship. Therefore according to the results from the anova test, it is clear that effect of the usage level 

of the bike is significant towards the Ease of use level of the bike. 

 

 
4.2.11     Graphical representation of Ease of use score 

 

Following graph shows how the participants have responded to the each usage level of the bike, and how 

the ease of use has been dropped according to the participants, for the differently used bike. 

 

According to the graphical results, it is clear that when the usage level of the racquet increases, the ease of 

use level of the racquet has been dropped. Also the slope of the graph after 14 months increases more than 

the slope before. That means the ease of use of the bike has been dropped drastically after 14 months 

compared to the latest condition.  

 

 
 

 

 

 

 

 

 
 

 

 
Ease of use level 

Bike 0 0.478 

Bike 1 0.389 

Bike 2 0.274 

Figure 4.11: Anova analysis – bike case study 
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4.2.12   Drop of Ease of use level with usage 

 
 

Figure 4.13 shows how the ease of use level of the bike dropped with time. The results are shown as 

percentage value. This percentage drop has calculated with respect to the latest condition of the bike, and 

according to this experiment the least used bike is the bike which is used for 3 weeks. Therefore these results 

basically interpret how the ease of use level of the bike has been dropped after using for 14 months and 21 

months compared to the bike which is only used for 3 weeks. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.12: EOU depletion – bike case study 

Figure 4.13: EOU depletion as a percentage – bike case study 
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CHAPTER   5  

CONCLUSIONS AND RECOMMENDATIONS 

 
5.1 Conclusions 

 
Ease of use can be considered as one of the main aspects of a product which leads to customer 

satisfaction. As explained before most of the studies regarding ease of use been done, by considering 

quality of the product as a constant or it remains same throughout the life time of the product. But this 

study proves that there is a relationship between the ease of use of a product and the product’s quality 

with usage. Therefore in the future studies for ease of use, product’s quality with usage should no longer 

be a constant variable. 

 

According to the results, in both the experiments, the influence of the usage of the product is more 

significant towards the ease of use of the product. Therefore finally it can be stated that, when a product 

is used for a quite long time, the quality of the product drops down and as a result of that the ease of use 

level of the product also depletes. 

 
 

5.2 Recommendations 

 
The proposed mathematical tool in the study is shown below, 

 

 

𝐸𝑂𝑈 =
𝐴𝑣𝑔. 𝑒𝑓𝑓𝑜𝑟𝑡 𝑓𝑜𝑟 1𝑠𝑡 𝑎𝑡𝑡𝑒𝑚𝑝𝑡 − 𝐴𝑣𝑔. 𝑓𝑜𝑐𝑢𝑠 𝑡𝑖𝑚𝑒

𝐴𝑣𝑔. 𝑎𝑐𝑡𝑢𝑎𝑙 𝑡𝑖𝑚𝑒 𝑓𝑜𝑟 𝑠𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙 𝑜𝑢𝑡𝑐𝑜𝑚𝑒
∗ 

𝑛(2 + ln(𝑛))

𝑛 + 1
 

 

 

The shape parameter introduced in this study can be further improved by changing the weight given to 

the specific component in order to achieve the perfect graphical representation for ease of use versus 

number of attempts. The perfect graphical representation is shown in figure 5.1.

Figure 5.1: Graphical representation of EOU vs. number of attempts 
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