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Abstract 

The world becomes more technologically transformed and integrated society raises tremendous 

challenges for IT industry, especially for mobile computing. Mobile technology advancements have 

allowed the development of a vast variety of applications that can be used by people quick and easy. 

The usage of mobile applications in smartphones has increased significantly in recent years, enabling 

consumers to execute more activities in a mobile environment. necessitating greater focus on the 

usability of their technological products and, as a result, the rigorous implementation of Usability 

Engineering (UE) processes. Many researchers suggested that efficiency, effectiveness and user 

satisfaction are the attributes which defines the usability of mobile applications. But, in addition to 

these three, there are other attributes which affects the usability of mobile applications. We identified 

29 attributes will affect the usability of mobile applications and by using these attributes, in this paper, 

we defined usability metric framework for mobile applications. We defined metrics for every usability 

attribute so that organizations can evaluate the usability of mobile applications by using this metrics. 

Around 144 usability metrics are defined in this work. All the usability evaluations are reported 

according to ISO 25066 standard. Usability Capability Maturity Level of the app defined according to 

ISO 15504 standard. 

Keywords: Usability, attributes, usability score, usability metrics, CMM level, ISO 25066, ISO 15504. 

1. INTRODUCTION 

Smartphones are being more and more embedded into different facets of our everyday lives. Reports 

are saying 760.53 millions of people are using smartphones across the world [1]. The rapid development 

and intense competition for mobile apps establishes significant challenges for app organizations in 

terms of quality.  
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For example, if the app was not satisfied by the user, or if app was not effectively working, then user 

will not use that app. This user satisfaction and effectiveness are attributes of usability. Hence, usability 

is one of the main challenge for software developers while developing the app. ISO/IEC 9126 standard 

[2] defines usability is “the capability of the software product to be understood, learned, and used as 

well as to be attractive to the user, when used under specified conditions”. Another standard ISO 

9241[3] defines usability means “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 defined 

more than 25 standards which shows the importance of usability in software products [4]. 

 

 
 

2. LITERATURE STUDY 

 

From the year 1977 onwards, a lot of research is going on in the area of software usability. Many 

researchers did their experiments and evaluated the product by using different methods to define which 

attributes will affect the usability of a product. Most of the researchers accepted that efficiency, 

effectiveness and user satisfaction are major attributes which affect the usability of the product. Other 

than these three attributes, there are other attributes which will affect the usability of the app. In 1977, 

McCall et al. defined usability attributes are Operability, training and communicativeness [5]. Boehm, 

in 1978, defined usability attributes are Portability, maintainability [6]. According to GOULD, usability 

attributes are System performance, system functions, user interface. They defined these attributes in 

1988 [7]. In 1989, Booth defined usability attributes are Usefulness, effectiveness, learnability, attitude 

[8]. Shackel, in 1991, defined usability attributes are Effectiveness, learnability, flexibility, subjectively 

pleasing [9]. In 1991, Bevan et al. defined Type of product, type of user, ease of use, acceptability are 

usability attributes. [10] According to Schneiderman et al., in 1992, Rate of errors by users, subjective 

satisfaction, speed of performance, retention over time, time to learn are identified as usability attributes 

[11]. In 1992, FURPS defined usability attributes are Aesthetics, human factors, user documentation, 

consistency, wizards and agents, training materials, online and context sensitive help [12]. In 1993, Hix 

et al. defined usability attributes are Learnability, long-term user satisfaction, advanced feature usage, 

first impression, performance, retainability. [13]. Lowgren defined Relevance, efficiency, learnability, 

attitude are usability attributes. [14]. Nielsen defined Learnability, efficiency, memorability, errors, 

satisfaction are usability attributes. [15]. Preece et al. defined usability attributes are Safety, 
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effectiveness, efficiency, enjoyableness [16]. In 1994, Preece et al. identified Learnability, efficiency, 

throughput, flexibility, attitude are also affected the usability [17]. In 1995, Lewis defined System 

usefulness, information quality, interface quality are usability attributes [18]. In MUSiC model, user 

performance measures like task effectiveness, temporal Efficiency, length or proportion of productive 

period are important usability attributes [19]. In 1998, Dix et al. defined Learnability, flexibility, 

robustness are usability attributes [20]. In 1999, Constantine et al. defined usability attributes are 

Efficiency in use, learnability, rememberability, reliability in use, user satisfaction [21]. Arms defined 

Data and metadata, interface design, functional design, computer systems and networks are usability 

attributes [22]. In 2000, Frokjaer et al. defined usability attributes are Components, effectiveness, 

efficiency, satisfaction [23]. In 2001, Battleson et al. defined the usability attributes are Remember, use, 

errors for its target users, specific tasks, easy to learn [24]. Donyaee et al. defined usability attributes 

are Efficiency, effectiveness, productivity, satisfaction, learnability, safety, trustfulness, accessibility, 

universality, usefulness [25]. Seffah et al. defined QUIM model and in that, they defined usability 

attributes are Efficiency, effectiveness, productivity, satisfaction, learnability, safety, trustfulness, 

accessibility, universality, usefulness [26]. In 2002, Blandford et al. defined usability attributes are 

Technical, cognitive, social, design-oriented [27]. Brinck et al. defined Efficient to use, learn, 

remember, error tolerant, subjectively pleasing, functionally correct are usability attributes [28]. In 

2003, Efficiency, effectiveness, satisfaction, learnability, security are the usability attributes defined by 

Abran et al. [29]. Bass et al. defined Efficiency, effectiveness, satisfaction, learnability, security are 

usability attributes [30]. In 2009, knowability, operability, efficiency, robustness, safety, subjective 

satisfaction are usability attributes defined by Alonso-Rios et al. [31]. In 2010, Tamir et al. defined 

usability attributes are Learnability, operability, understandability [32]. In 2013, Harrison et al. defined 

PACMAD model and according to this, usability attributes are Effectiveness, efficiency, satisfaction, 

learnability, memorability, errors, cognitive load, user, task, context [33]. These are few works and their 

views with respect to usability of mobile applications.  

Based on literature, in this paper, we considered the top most 29 usability attributes and defined metrics 

for each metric to evaluate the usability of mobile apps. Around 144 metrics are defined to evaluate the 

usability of the mobile app. Each metric can be measured and get the usability metric score by using 

suitable usability evaluation method. After measuring all metric scores, normalize all the values and 

report the results defined by ISO 25066 standard [34]. Finally, to define Capability Maturity 

Level(CMM) of the mobile app, we followed ISO 15504 standard [35]. 

3. PROPOSED WORK 

To evaluate usability of a mobile app, we proposed 7-step usability metric framework which evaluates 

the usability by calculating each attribute’s usability score. From the existing studies, we selected 29 

attributes which are important and defined metrics for each attribute represented in table 1 and detailed 

flowchart for usability metric framework shown in figure 4. 

 
Figure 3: Usability metric framework for mobile applications 
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The proposed usability metric framework contains 7 steps showed in figure 3. 

1. Identify goals, objectives for business, and mobile app 

2. Select the usability attributes based on goals and objectives 

3. Select metrics for each selected attribute. 

4. For evaluating each metric, select suitable usability evaluation method. 

5. Calculate the usability score of the mobile app by calculating the metric score of each attribute. 

6. Report the results according to ISO 25066 standard. 

7. Determine the CMM level of the app according to ISO 15504 standard. 

ISO/IEC 25066 - 2016 

ISO/IEC 25066 – 2016 [34] provides the Common Industry Format for evaluating the usability of 

mobile applications.  Earlier version, ISO/IEC 25062 gives the formative report of usability testing. 

But, in ISO 25066, it covers usability evaluations in different perspective rather than subjective or 

formative purpose. This standard provides the evaluation report that contains covers 64 content 

elements. By the end of the evaluation, we can  

 identifying the positive usability findings  

 identifying the usability defects and problems 

 eliciting user requirements 

 measure the level of usability 

 assess the conformance criteria 

 identifying the strengths and weakness of the product 

 fill the gap between users and stakeholders 

 identifying whether the product, service or system is accessible 

The evaluation report, contains 64 content elements, organized into sections. They are 

1. Executive summary 

(includes name and description of object of evaluation, summary about remaining sections) 

2. Description of object of evaluation 

(defines what entity actually to be evaluated) 

3. Purpose of evaluation 

(defines the reasons for conducting the evaluation) 

4. Context of evaluation (Method) 

 General 

 Evaluators/Participants 

 Tasks 

 Evaluation environment 

5. Procedure 

 Design of the evaluation 

 Data to be collected 

6. Results 

 Data analysis 

 Presentation of results 

7. Interpretation of results and recommendations 

ISO 15504 

ISO 15504 also known as Software Process Improvement and Capability Determination (SPICE)  [35] 

is “a set of technical standards documents for the computer software development process and related 

business management functions”.  To determine the capability of a process (i.e., usability), ISO 15504 

defined a 6 layered scale (level 0 to level 5; lower capability to higher capability). 

https://en.wikipedia.org/wiki/Technical_standard
https://en.wikipedia.org/wiki/Software_development
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Level 0: Incomplete 

Level 1: Performed 

Level 2: Managed 

Level 3: Established 

Level 4: Predictable 

Level 5: Optimizing 
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Table 1: Usability metrics with respect to attributes 

 

Figure 4: Flowchart for usability metric framework 
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CONCLUSION 

In this work, the authors defined around 144 usability metrics for 29 usability attributes. To evaluate 

the usability of mobile applications, based on the goals and objectives of organization, they can select 

the usability attributes. And then identify the usability metrics for each selected attribute. To evaluate 

those metrics, select the usability evaluation method and calculate the metric score. Like that, calculate 

all metric scores, from that, calculate the usability attribute score and then calculate the usability score 

of the mobile application. After defining the usability score, report the results according to ISO 25066 

Common Industry Format and by using ISO15504, the authors defined the CMM level of the app. 
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