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Introduction 

The growing availability of diverse interactive mobile applications, envisaged to assist us 

in different domains of our daily life, make their perceived quality of experience (QoE) 

increasingly critical to their acceptance. Comments such as, “If it’s slow, I won’t give my 

credit card number” indicates the QoE expectations of a typical mobile commerce 

application user [1]. These expectations can be different given the user’s previous 

experiences with an application or an application’s criticality to the user’s task at hand. 

To date, the evaluation of QoE has been mainly conducted with qualitative methods that 

focus on an applications’ usability [2]. These studies are typically conducted within a 

limited time span in controlled laboratory environments, conditions that do not resemble 

users’ natural daily environments. The results of such evaluations may help to discover 

the mobile application’s serious and immediate usability issues in a design, but they may 

not help to uncover issues that are relevant to real life situations in the world outside the 

lab. 

Issues relevant to the world outside the lab involve, amongst other things, a non-

deterministic quality of service (QoS), and, in particular, the performance of the 
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underlying network infrastructures that support the execution of an application and 

mobile service delivery (Figure 1). This quality of service can be quantified by measuring 

delay, jitter and network capacity. This quality of service usually is provided at a ‘best-

effort’ level; that is without any guarantees by a company or service provider that it will 

work at an optimum level. Yet, as we would argue, this quality of service is critical to the 

mobile user’s quality of experience, especially for highly interactive mobile applications, 

delivery of which depends on frequent data transfers over the underlying network 

infrastructures. 

 
Fig. 1: A concept of QoE and QoS in a mobile service delivery 

Fig. 1: A concept of QoE and QoS in a mobile service delivery 

 

A common practice for quality of experience provision is that mobile application 

designers use their own judgment and perception of an application’s ease of use as a 

bellwether to gauge an application’s perceived quality of experience by an imagined 

mobile user [2]. But can the designer, who may have created the system and thus have an 

intimate knowledge of its capabilities and embedded logic, really stand in for the 

imagined user? The overall effect of this situation is that users whose QoE expectations 

http://wi-archive.dreamhosters.com/wp-content/uploads/2012/07/fig1-wacdey.png
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are not satisfied, may simply stop using the applications or switch to another provider. 

For example, it is estimated that there are, on average, 200 new applications available 

daily in the online store for Apple’s iPhone platform. However, due to the low quality of 

experience, more than half of these applications do not achieve a critical mass of user 

acceptance and are withdrawn from the store’s list of offerings within some months from 

the launch. 

The challenge for designers and researchers studying these technologies and new 

applications is that no rigorous and robust scientific methods, tools, and systems exist for 

evaluating an application’s perceived QoE in the user’s natural environment(s) [3]. 

Rather, there are separate methods for usability evaluation in the HCI community [2, 4] 

and separate methods for the evaluation of the quality of service and performance of an 

application’s underlying network infrastructures in the data networking community [5-

7]. The former methods are largely qualitative, while the latter are largely quantitative. 

Both methods can acquire quality results in their dedicated areas of applicability. 

However, due to the dichotomy between these two scientific communities, there are no 

scientifically proven methodologies that combine both of these approaches. 

 

Objective and Approach 

Given this chasm between methodologies, approaches and the study objects, the focus of 

our research into these methods is to find a viable way to bridge this gap. To this end, we 

are in the process of developing a set of methodological procedures for the reliable real-

time evaluation of an interactive mobile applications’ perceived quality of experience in 
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user’s natural environments. This investigation of the quality of experience will be 

conducted in conjunction with an assessment of the variable quality of service provisions. 

In our approach we will focus on already implemented and operational interactive mobile 

applications, which are now available to a typical mobile user. We assume that these 

applications have undergone a cycle(s) of (re)design and usability tests in a laboratory 

environment, although we do not necessarily have access to the results of these. 

Our approach in this paper is as follows. We identify and analyze existing and emerging 

qualitative methods for the evaluation of usability, as well as quantitative methods for the 

evaluation of QoS and performance of mobile computing applications. Based on these 

methods, we propose a novel set of procedures for the real-time quantitative evaluation 

of users’ perceived QoE of mobile applications in natural settings. This methodology is 

based on our long-standing successful history of research on measurements-based quality 

of service and performance evaluation methods for interactive mobile applications [8, 9]. 

We have successfully used this methodology in a healthcare domain, specifically in the 

creation of interactive applications for health telemonitoring and teletreatment 

depending on delay and capacity (i.e., quality of service metrics) of the underlying 

network infrastructures [5, 10, 11]. What is new is our desire to transfer, expand towards 

QoE and test this methodology in new areas and domains of mobile experience. 

To quantify the mobile user’s quality of experience, the methodology first requires 

defining a set of dependent (i.e., target) variables. We then define a set of mutually 

exclusive and collectively exhaustive variables influencing this quality of experience. 

These are the independent variables that can include, for example, user context like 
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location, time, social settings, etc. Both sets of variables should be based on the existing 

scientific literature and documented expert knowledge. 

Furthermore, for a given interactive mobile application, the methodology requires a set 

of qualitative methods to derive new independent variables that are not indicated in the 

HCI or the networking communities so far, but are important to the experience a mobile 

user has in her natural daily environments. One qualitative method that can be used for 

this purpose is the Experience Sampling Method (ESM) [12]. The ESM is based on 

occasional user surveys, which can be administered over specific time intervals, after 

particular events, or at random. Since we aim to evaluate a user’s perceived quality of 

experience while interacting with a mobile application, the ESM could be implemented in 

the form of a short, mobile-device based survey given to the users after each use of this 

application. The survey will pose some open-ended questions to get the user’s in-situ real-

time, spontaneous opinions on their mobile experience. These new independent variables 

will be ‘grounded’, as they are derived from the answers acquired from this user [13, 14]. 

The ESM method must be designed and deployed such that it does not influence the 

experience and behaviour of a mobile application user, but enables us to gather 

information that is relevant and predictive for this user’s quality of experience evaluation. 

As the evaluation will be conducted in the user’s everyday environments, the methodology 

must provide requirements and guidelines for the effective and efficient implementation 

and application of (software) modules necessary for measurements of the mobile 

application usage, the QoS and performance of its underlying service and network 

infrastructures. In this way the state of these variables (including those generated by the 
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ESM), is continuously and accurately logged (i.e., measured) in real-time in an automatic 

manner; that is, in a way that is non-intrusive to the mobile user. 

Moreover, having defined sets of dependent and independent variables, and having the 

modules implemented and operational for their measurement, the methodology would 

require reusing the existing analytical methods to discern relationships between variables 

and possibly establish causality. An example from our healthcare domain includes 

delineating boundaries for network delay and its jitter (i.e., independent variable), for 

which application data may have a clinical value for real-time diagnosis (i.e., as a part of 

dependent variable) provided to patients [5]. 

To analyze possible relations and causality between variables, the methodology requires 

the occasional involvement of a mobile user in the data analysis process. Namely, a mobile 

user needs to be interviewed about his application’s usage patterns and experience. This 

data must then be matched to the data automatically logged in the application and service 

infrastructure. The interviews we propose to conduct will be based on the completion of 

a detailed diary of the previous 24-hour period, as suggested by the Day Reconstruction 

Method [15]. This breaks the day into episodes described by activities, locations and 

times, and the mobile application usage and experiences during these times. During the 

interview, users can explain, in more detail, their responses in the ESM, and these results 

will be compared to the state of other independent variables logged in the system. This 

way causalities and relations specific to this particular user can be identified, while any 

inconsistencies can be clarified. 
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The combination of these methodologies, which are both qualitative and quantitative, will 

then provide adequate guidelines on how to statistically analyze and interpret the 

acquired (qualitative) survey data and (quantitative) measurement data for analysis by a 

user for one or multiple interactive mobile applications. Focusing the analysis on a single 

user implies the idiographic approach putting the effort to understand the meaning of 

contingent, unique, and subjective phenomena of quality of experience state for this 

particular user. Given a population of users, an analysis could then be conducted within 

this for one mobile application, or between populations of users of different mobile 

applications. The subsequent data analysis might then be implemented using advanced 

statistical methods, such as a multivariate analysis, or machine learning techniques for 

pattern recognition in data. Example machine learning techniques include logic-based 

techniques (trees, rules), density-based techniques (Bayesian networks) techniques based 

on non-linear functions (neural networks and support vector machines), as well as so-

called ‘lazy’ techniques (‘k’-nearest neighbours). These techniques automatically learn to 

recognize and model complex patterns in the collected data, based on which they can 

predict the target variable, i.e., quality of experience state for a given application user in 

a given context. 

 

Contributions and Evaluation 

Our preliminary research on this topic, and approach, brings together and expands upon 

recent advances and methodologies in key scientific and technical areas, including the 

evaluation methods for human computer interaction, quality of service and performance 
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evaluation methods and tools for mobile computing, real-time machine learning and 

prediction. By laying out this set of principles and guidelines, in the future we will conduct 

research on critical issues such as: 

1. The definition of quality of experience that is expected and required for interactive 

mobile applications. This definition must integrate multiple views including an 

examination of the application and its underlying infrastructure views, such as the 

interactions and provided QoS and performance, and the user view, such as past 

experiences and expectations, current application’s perception and its criticality to 

the task at hand, as well as the user’s context. The definition must also delineate a 

role of the user’s affective response for an interactive mobile application use. 

2. Implementing this method in future research involves a second challenge: that of 

gathering reliable real-time capturing of a user’s perceived quality of experience 

and the parameters and conditions that influence this quality of experience as it is 

lived in their natural daily settings. This includes identifying the variable ‘best-

effort’ state of quality of service for underlying service and network infrastructure. 

3. The third aspect of our research in these areas will be to identify methods for 

documenting an automated and accurate inference of the user’s quality of 

experience state based on the gathered data. An accurate inference of this state is 

challenged by the fact that a) quality of experience state may be temporally 

indirect, i.e., there may be a lag between a cause (e.g., user context change) and the 

change of the user’s quality of experience state; b) sensors and modules used for 

real-time capturing of a user’s quality of experience may be unreliable: their 

reading may be influenced by, e.g., a user’s bodily position and movement artifacts; 
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and, c) there are individual differences in quality of experience perception and 

evaluation of state for each human. 

4. The fourth challenge focuses on the accurate and real-time recognition of QoE 

patterns based on data mining and machine learning techniques. These challenges 

become even more complex if the system is required to be accurate and operational 

in real-time and to generalize to novel situations, e.g., in the case of novel mobile 

applications, or novel user’s interaction patterns. 

5. The final critical issue includes the ethical aspect of continuous real-time logging 

of possibly private information, implying that adequate security and privacy 

mechanisms must be in place for deployment of our methodology for a range of 

mobile application users. The users themselves must be informed about how and 

by whom the data is being collected, handled, stored, analyzed and used. 

With use of the proposed complex multi-methodological approach, we hope to gain a 

deeper understanding of the use of interactive mobile applications, and to be able to 

quantify a user’s quality of experience and her relationship with the underlying quality of 

service, and point out ways to improve the usability of these applications and generate 

higher user acceptance. On one hand, application providers could use such methods to 

improve the provided applications, and, on the other hand, consumer advocacy groups 

could use the methods to monitor the quality of provided applications. 

It is our intention to test our methodology on a set of widely available mobile applications 

for leisure, entertainment, communication or information, whose users expect to be able 

to easily stream multimedia content, such as YouTube, or use Internet-based radio; those 

engaging in highly interactive instant messaging or web browsing, such as e-banking or 
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e-commerce; those playing multiplayer online gaming. Finally, another area where 

quality of service should match expectations is in VoIP video-conferencing, such as Skype 

or Google Talk. 

Concluding Remarks 

In this paper we have presented our proposed research approach towards defining a 

methodology for quantifying a mobile user’s experience (QoE) in their natural daily 

environments and relating this experience to the performance (QoS) of the underlying 

service and network infrastructures. This methodology is a blend of both quantitative and 

qualitative procedures. We propose a twofold methodology for evaluating user 

experience, where the user becomes an active participant in the research. First, it requires 

gathering in situ spontaneous information about the user’s mobile experience by 

employing the Experience Sampling Method for interaction with the user directly after 

each mobile application usage. Second, it requires a retrospective analysis of the user’s 

experience and of the state of factors influencing it, by employing the Day Reconstruction 

Method to assist with the recollection of the past 24-hours. While our current work 

focuses on defining the methodological steps, our future research includes an evaluation 

in a large-scale mobile user study for a set of widely used mobile applications. 
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