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processes of user-centered design (UCD). The mLUX framework is specifically targeted for the 

development of m-learning applications. In this paper, the results of four application development 

projects applying the mLUX framework as a development methodology are presented. Furthermore, this 

paper elaborates the mLUX framework’s components including the context of use, development 

processes, and the role-players. As the first author, I was responsible in writing this paper, submitting it 

for publication, discussing on the required changes with reviewers, and making the requested 

modifications.  

 



 

xii 
 

 

Publication VII: “Sustainable usage through emotional engagement: A user experience analysis of 

an adaptive driving school application” 

This paper presents the conceptual model of digital service sustainability, as well as the measurement 

indicators and criteria to assess that. The conceptual model is assessed by applying an adaptive mobile 

learning case study. The assessment is based on educational components in conjunction with four user 

experience factors, namely delightfulness, adjustability, satisfaction, and reliability. I wrote this paper as 

the first author, while the other authors commented and reviewed the structure and language. 
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1. Introduction 
“The only man I know who behaves 

sensibly is my tailor; he takes my 

measurements anew each time he 

sees me. The rest go on with their old 

measurements and expect me to fit 

them.” 

-George Bernard Shaw, Man 

and Superman 

1.1. Information Technology in Education 
 

The use of information and communications technology in education and training has resulted in several 

shifts over the last few decades (White, 2008). For example, computer networking has offered flexible 

and efficient new ways in which to accomplish a range of goals such as providing access to resources or 

establishing contact with students. Technology has always supported educational institutes with their 

educational offerings (Selwyn, 2011). However, as Fu (2013) points out, a school’s culture significantly 

impacts the integration of  ICT into education.   

In recent years, however, wireless and web technologies have impacted not only the educational institutes 

themselves, but students and staff as well. The advancement of network and wireless technologies, along 

with their widespread adoption by students, has led educational institutes to provide courses via the 

Internet and smart gadgets such as smartphones, for instance, in the form of a mobile learning application 

(Castillo et al., 2013). Nonetheless, mobile learning was initially considered to be simply an enhanced 

tool for e-learning applications (Chuang, 2009), which grants users access to the learning content 

remotely. Moreover, contemporary improvements in wireless technologies and smartphone 

functionalities, as well as relatively cheap data exchange rates, have enabled the provision of learning 

content and led to independent learning applications being developed for smart devices (Bidin & Ziden, 

2013). The term mobile learning (m-learning) covers the personalized, connected, and interactive use of 

handheld devices in classrooms (Köbler & Deneke, 2005), collaborative learning counseling (Laal & 

Ghodsi, 2012), and guidance (Alamäki et al., 2016).    

M-learning applications were initially targeted toward overcoming some of the constraints of traditional 

teaching whereby learning and teaching had to happen behind closed doors (Frohberg, 2006). Students 
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and staff are no longer restricted to gaining and delivering information and knowledge within a classroom 

environment. With the support of the Internet and wireless technology, they have more freedom to share 

and exchange information regardless of the time and place. We are entering the mobile age, with mobile 

devices, especially mobile phones, being popular among learners and having the portability necessary to 

enhance educational activities (Sharples, 2007). In 2005, mobile learning was still considered to be 

immature in terms of technology and pedagogical practices (Traxler, 2005). This situation has evolved 

as wireless technologies and mobile devices have become faster, cheaper, and smarter. However, some 

of the most well-known challenges of mobile learning are pedagogical (Laurillard, 2007; Ozdamli, 2012), 

usability (Coursaris & Kim, 2011), and technological challenges (Looi et al., 2010).     

Yet, there have been improvements in recent years in terms of the pedagogical aspects (Park, 2011), 

usability aspects (Harrison, Flood, & Duce, 2013), and technological aspects (Ferdousi & Bari, 2015) of 

mobile learning applications.  

Mere mobile technology advancement and popularity are not sufficient for students to utilize mobile 

learning applications as part of their educational activities. M-learning is not just a research topic for 

academicians, but also a response to a high demand from practitioners such as students and educational 

institutes. The reasons for the use of mobile technology in education are as Kukulska-Hulme (2005a) 

asserts: (1) improving access such as access to assessments, learning materials, and learning resources; 

(2) exploring the potential for changes in teaching and learning such as exploring the potential for 

collaborate learning, for increasing students’ appreciation of their own learning process, and for the 

consolidation of learning; and (3) alignment with wider institutional or business aims such as making 

wireless, mobile interactive, and interactive learning available to all students without incurring the 

expense of costly hardware. In addition, in terms of academic and practitioner demand, m-learning can 

also be applied to different learning theories, including constructive, collaborative, and situated learning 

(Kearney et al., 2012).  

M-learning applications have not yet reached the same level of maturity among the target users as e-

learning applications. However, this trend is changing (Bidin & Ziden, 2013) as traditional constraints 

such as the costs involved in data exchange and the costs and usability of mobile devices (Deegan & 

Rothwell, 2010) are overcome. On the other hand, the lack of well-defined mobile learning pedagogical 

principles (Kearney et al., 2012) has affected the expansion of m-learning applications.  
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1.2. Aims, Objectives, and Scope of this Thesis 
 

As indicated by prior research, the emphasis when developing m-learning applications has very much 

been on technology and learning content (Brink, 2011; Ozdamli, 2012). In recent years, however, there 

has been a significant change in the offering (e.g., platform specific application stores) and adaptation 

(i.e., widely used smartphone platforms) of new mobile applications. One may argue that in many 

domains “apps” have become a major means of using and consuming digital services. This has raised the 

level of expectation and the quality of mobile service development; hence, novel ways of addressing m-

learning applications and their development are needed.  

The emotion and feeling that a user achieves while using a service, product, or application are often 

referred as the user experience. The term “user experience”, which Hassenzahl (2008, p. 1) refers to as 

the “quality of interactive technology”, focuses on the human and not the products. The concept of user 

experience has been around for many years, including in the field of mobile application design and 

development (Deaton, 2003). However, user experience research on m-learning applications is relatively 

new. Shen (2014, p. 21) states that “recent advancement in mobile and ubiquitous computing 

technologies further underlines the importance of human-computer interaction and user experience 

(feeling, motivations, and values) with a system.” This dissertation accordingly considers the user 

experience of a mobile application by emphasizing the user experience.  

The aim of this thesis is to construct a user-centered design framework for the development of m-learning 

applications. The main focus of the framework is to help designers and developers to identify continuous 

m-learning application usage through both the user experience and emotional engagement.  

The scope of this study involves addressing the emerging role of user experience in developing m-

learning applications. This includes the definition of the user experience factors that have an impact on 

m-learning applications, as well as the development practices that can be used to address user experience 

in a systematic way. The term “user experience” has been defined in a wide variety of ways, as indicated 

by the result of the Dagstuhl seminar on demarcating user experience (2010; www.allaboutux.org). 

However, this study applies the definition by Hassenzahl et al. (2010, p. 57), which considers user 

experience to be the “fulfillment of psychological needs to gain a positive experience.”  

The main objective of this thesis is to study and propose a user-centered design framework for m-learning 

application development. Furthermore, the framework must contain the essential user experience factors 

that invoke emotional attachment in order to guarantee the continuous usage of the application. In 

addition, the aim of this study is to fill the gaps that Parsons and Ryu (2006) refer to as the “softer aspect”. 
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In this regard, Parsons and Ryu (2006) highlight that in m-learning, the quality of the learning experience 

is not solely dependent on the quality of the software, but also on the conceptual basis on which the 

learning experience is constructed.  

Ruimin (2014) recognizes the current gap in the user experience of m-learning applications. He suggests 

tackling the issue by (a) improving the quality of the delivered learning material, (b) the teaching and 

learning process, and (c) the learners themselves. In this study, the identified gaps are tackled by 

emphasizing human factors and human emotions through recommending a user-centered design 

methodology to complement the focus on  technology that Ruimin (2014) has addressed. 

 

Brinthaupt, Clayton, & Draude (2014) elaborate that “making sound pedagogical decisions requires 

recognition and acknowledgement of the interdependence between course design and course delivery.” 

Course design according to (Brinthaupt et al., 2014) refers to the structure of the course such as the 

content type, the associated activities and assessment types for achieving proper learning outcomes. 

Accordingly, in this dissertation the assessment of the proposed model and the case study applications 

are based on higher educational institutes course offering context, e.g., Applied Science Universities, in 

which I have extensive working experience as a lecturer.  Therefore, we evaluate the proposed user-

centered design methodology and the case study applications based on Brusilovsky & Miller (2001) 

course delivery model in virtual system. The main justification for utilizing this model is that this 

dissertation is targeted on higher educational institutes course offerings. Secondly this model had been 

used in my previous study as an appropriate model for m-learning course delivery at higher educational 

institutes.  Thirdly, this model was designed and proposed for virtual course delivery in higher 

educational institutes, whose scope is similar as to the domain of this dissertation. Despite the fact that 

there are other models such as the (Brinthaupt et al., 2014) Course Delivery Decision Model (CDDM) 

the model by Brusilovsky & Miller (2001) is considered more appropriate for educational institute driven 

learning and teaching context where administration component plays an important role including 

activities such as course registration, transcript query, and exam registration. 

The scope and prevalent user experience factors have been initiated as a result of the findings in author’s 

previous study (Mostakhdemin-Hosseini, 2009b)  which ended up in extending traditional usability 

criteria and revealed the need for user experience factors to be elaborated further.  This dissertation 

proceeds from those findings and assesses the prevalent m-learning application user experience factors 

through case studies. The prevalent user experience factors are defined and addressed in more detail in 
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chapter 2.4. 

In order to complement the aim and objectives of this thesis, detailed research questions are formulated 

with the help of the recent academic literature. These research questions are presented in Chapter 3. 

 

1.3. Research timeline 
 

My research follows the design science research (Hevner et. al 2004) (see chapter 4 for further details).  

The research consists of theoretical and empirical studies that contribute the definition of the framework 

named as “mLUX”. The theoretical studies started by a systematic literature review during 2010 (see 

chapter 2.0) based on the previous study (Mostakhdemin-Hosseini, 2003). The mLUX method is assessed 

through four case studies which evaluate the performance and applicability of the mLUX method. Figure 

1 presents a summary of the research timeline. In addition to this overall figure (1) of the research, the 

Table 10 presents the summary of the applied methods in various cases studies in relation to the mLUX 

framework development process. 

 

Figure 1. Research Timeline 
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The aim of the analytical literature review (section 2.1) is to reveal the exiting researches and findings 

on m-learning application usability, user experience and application development methodology. 

Furthermore, various study conducted to identify students’ expectation on m-learning application and 

capabilities to utilize smart phones on their educational activities (I).  

The empirical part consists of case studies that were conducted between early 2013 and the end of 2014.  

The applied methods in case studies and respective applications have been presented and published in 

relevant conferences (Cases 1-4 and Paper III). The findings of case study applications helped to reveal 

the roles and responsibilities of the stakeholders (II) involved in m-learning application development. 

The analysis of the empirical studies and theoretical studies resulted in the mLUX framework (VI) in 

2015. To evaluate the mLUX framework’s performance we defined the assessment criteria (III) and 

conducted assessments (IV, VII, and 4). 
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2. Conceptual Background 
 

This chapter presents the literature and studies conducted by other researchers in fields related to m-

learning. It explores the theoretical and conceptual framework that helps in understanding the research 

to be conducted, in addition to defining the terminology used in this study. 

 

2.1. Usability and User Experience of Mobile Learning: State-of-the-Art 
 

The refinement of contemporary mobile learning applications is the result of significant advancements 

in wireless technologies (Jain, 2013) and mobile devices, as well as reductions in data exchange costs by 

network operators (Ghose et al., 2013). Mobile learning is the result of the merging of technologies (e.g., 

information technology and wireless technology) and pedagogy in order to facilitate learning and 

teaching activities conducted through cellular phones (Wains & Mahmood, 2008).  

These improvements have impacted students’ and teachers’ daily life. The wide use of these devices 

means, for instance, that students and teachers are freely able to download applications such as games 

(Lim & Bentley, 2013). Therefore, educational institutes frequently pursue the opportunities available 

and offer courses as learning applications available through these devices (Dirin & Nieminen, 2014).  

The capabilities of these devices have evolved significantly from text-based content to multi-media 

content offerings (Göksu & Atici, 2013). These devices now support different content formats such as 

audio, video, and animation. However, the adoption of m-learning as the standard learning platform is 

still premature and further research is needed (Korucu & Alkan, 2011) when compared to e-learning or 

next generation e-learning systems (Sarrab, 2012). 

Mobile learning applications’ content accessibility and availability in various contexts and at various 

times is their main advantage when compared to other media (Lam et al., 2010). These advantages 

constitute the difference between m-learning applications and e-learning (Huang et al., 2014). However, 

m-learning is also associated with some limitations. The main limitations are the mobile devices’ screen 

size, the input medium, and other distractions. Chen and Yan (2016) classify these distractions as: (1) a 

distraction source such as the phone ringing during learning, (2) a distraction target such as reading and 

attending, and (3) distraction subjects such as personality and culture. Nonetheless, recent technological 

advancements in smart device such as amending the learning content to suit the mobile device (Paulins 
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et al., 2015) and cloud-based content (Masud & Huang, 2013) have helped to overcome the major 

limitations in recent years.  

Pedagogical considerations are essential factors in m-learning applications’ design and development 

(Mostakhdemin-Hosseini, 2009a). The pedagogical framework specific to m-learning applications has 

evolved continuously due to the identifying of new factors that impact the learners and learning on small 

screens. Milrad (2006) highlights that, with mobile learning applications, it is necessary to adopt an 

integrative perspective on technology-enhanced learning, wherein the pedagogy and learning theory are 

the driving forces rather than the mobile technologies. (Laurillard, 2007) emphasizes that mobile learning 

offers learning that is intimate, spontaneous, pervasive, and versatile. Kearney et al. (2012, p. 2) define 

mobile learning from a pedagogical perspective, highlighting the three central features of mobile learning 

to be “authenticity, collaboration, and personalization, embedded in the unique time-space contexts.” 

More recently, Dennen and Hao (2014) have proposed their M-COPE framework which provides 

considerations for instructors on a mobile learning application addressing mobile affordance, conditions, 

outcomes, pedagogy, and ethics. One may conclude that all these models emphasize the learner in the 

center of the m-learning development work. Therefore, user-centered approach with emphasis to 

usability and user experience to the design of m-learning applications appears as a possible approach that 

can be used to improve m-learning solutions. 

 

2.1.1. Information Sources: Journals and Conferences 

Following are the major m-learning related publication forums (conference proceedings and journals) 

that are considered as a reliable source. The forums are assessed according to the Finnish publication 

scheme (JUFO). 

Table 1. The selected journals and conference proceedings 

No Source Acronym JUFO Scheme 

1 World Conference on Mobile and Contextual Learning mLearn 1 

2 European Journal of Open Distance and E-Learning EURODL 1 

3 Interdisciplinary Journal of Problem-Based Learning  IJPBL 1 

4 International Journal of Emerging Technologies in 

Learning 

JET 1 
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5 International Journal of Teaching and Learning in Higher 

Education 

IJTLHE 1 

6 Journal of Computer Assisted Learning  JCAL 2 

7 Journal of Online Learning and Teaching JOLT 1 

8 International Journal of Interactive Mobile Technologies  iJIM 1 

 

The JUFO scale published in table 1 is based on status in September 2016.   

Mobile learning development methodologies have been elaborated by researchers already before 2007 

by (Mostakhdemin-Hosseini, 2003), (T. Vainio & Ahonen, 2003), (Naismith, Lonsdale, Vavoula, & 

Sharples, 2004), (Mostakhdemin-Hosseini & Tuimala, 2005), (Laouris & Eteokleous, 2005), (Mike 

Sharples, Taylor, & Vavoula, 2005), and  (Seong, 2006a). After 2007, literature reviews and meta-

analysis studies on m-learning application usability and development methodology have been conducted 

by (Kukulska-Hulme, 2007), (Eschenbrenner & Nah, 2007), (Thüs et al., 2012), (Hsu et al., 2012), and 

(Shitkova, Holler, Heide, Clever, & Becker, 2015). 

 
2.1.2 State-of-the-art: Objectives and Method 
 
In order to update the previous reviews, an analytical review of literature is presented here. The main 

purpose of the m-learning state-of-art, usability, and user experience design literature review is to 

summarize the current state-of-the-art concerning the aforementioned topics. The objective in this 

literature review (LR) is to identify and explore the research gaps in the m-learning domain as follows: 

1. Learn the state-of-the-art of the mobile learning user experience research 

2. Explore the m-learning applications’ usability principles  

3. Elaborate on software development methods in m-learning usability and user experience 

The structure of the conducted review is based on Kitchenham et al., (2009)  and the systematic literature 

reviews in software engineering guidelines provided by (Kitchenham, 2004). The goal of the review is 

to assess literature published on the mobile learning usability, user experience and development 

methodology.  The pursuit of this literature review is to provide answers to the following questions 

(LRQs): 

 LRQ1: How has usability been addressed in m-learning application development? 
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 LRQ2: What has been done in the field of mobile usability and user experience? 

 LRQ3: How have user experience factors in m-learning been identified by other researchers?  

 LRQ4: What are the existing methods and models for m-learning application development? 

The formulation of these questions helps to elaborate the existing gaps in m-learning applications’ user 
experience and usability.  

The search and review protocol of related literature has been as follows: 

 In-depth evaluation of research already undertaken on m-learning design methodology, m-

learning usability, and m-learning user experience by accredited scholars and researchers. 

 The primary keywords / phrases “mobile learning development framework”, “mobile learning 

usability”, and “mobile learning user experience”  

 Furthermore, the following concepts were used as complementary keywords in the searches: 

“usability”, “user experience” and “evaluation”. 

The primary goal is to survey the scholarly articles, journals, and conference proceedings relevant to m-

learning application design, usability, and user experience (see table 1).  The literature review provides 

a description of the reviewed articles.  The following criteria are used to include articles in this LR: 

 The time frame for selecting the articles are from Jan 2005-Dec 2015.  

 The articles are written in English.   

 The main focus of the papers is in m-learning usability, user experience design, and m-

learning application development framework 

And the exclusions of this LR are identified as: 

 Despite the short presentation of the m-learning pedagogy in the manuscript, the pedagogical 

usability aspects of m-learning are not included in the literature review 

 Duplicated reports are not included in the review 

The data extracted from each paper includes, the source (name of the journal or conference), main topic 

area, and the results 
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The data is presented to demonstrate:  

 Approaches in usability assessment in m-learning (RQ1) 

 Software development methods for developing m-learning applications (RQ4)  

 The main findings on mobile usability and user experience (RQ2) 

 The main findings on the user experience factors specific to m-learning applications (RQ3) 

 The main findings on user experience design and approaches (RQ3) 

 The main findings on the usability evaluation methods specifically on m-learning (RQ1) 

Answer to those questions reveal exiting usability and user experience approaches and explore the gaps 

on m-learning application domain. The outcomes of this LR help to formulate the structure and the 

content for my proposed model of m-learning usability and user experience. The aim is to identify as 

many primary studies relating the research questions by using an unbiased search. The search strategy is 

to find the existing literature on research questions. Various combinations of search terms from research 

questions are used as keywords.   

The assessment of the quality of publications is based on the following criteria: 

 

QA1. Assessment of the arguments:  Are the arguments supported by evidence, e.g., case studies, 

statistics or analytic review other research.  The arguments presented in the paper are supported by 

evidence. The quality of the provided evidence is proved and presented analytically.   

 

 QA2. The articles comply with JUFO scheme (at least level 1).  

Note: The mLearn conference is included because of it has been one of the first conferences in m-learning 

domain. The mLearn proceedings or the programs from years 2006, 2009, and 2010 are missing in the 

search engine. Therefore, they are excluded from the LR. However, in my previous LR publication (Dirin 

& Nieminen, 2014, “State-of the-art of M-learning usability and user experience”) all mLearn articles 

before 2010 were included.  

 

2.1.3 Results of the Literature Review 
 

In this section the LRQs are answered based on identified articles that are presented in Appendix 2. 
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LRQ1: How has usability been addressed in m-learning application development? 

Overall, 16 articles were identified that were considered as relevant to the LRQ1. These articles were 

selected based on the keywords defined in section 2.1.2. Appendix 2 presents the total number of 66 

articles that were identified based on search keywords, among which 16 articles mentioned the term 

"mobile learning usability" in the article's title or in the abstract. Additionally, 6 articles were argued 

mobile learning usability evaluation methods and approaches; 3 articles mainly reported the challenges 

associated with mobile learning such as usability; and in 7 articles case experiments are presented.  

Most of the relevant articles in usability (7) were published in 2014. Furthermore, most of the articles (7) 

have been reported and published in the iJIM journal. Table 2 presents an overview of the articles that 

are identified as relevant articles for LRQ1.  

Table 2. Identified relevant article for LRQ1 in each forum per year. 

             
LRQ 1 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 

International Journal of Interactive Mobile 

Technologies (iJIM)  
0 0 1 1 0 2 0 0 1 1 1 7 

World Conference on Mobile and Contextual 

Learning (mLearn) 
0 0 0 1 0 0 1 1 1 1 0 5 

European Journal of Open Distance and E-Learning 

(EURODL) 
0 0 0 0 0 0 0 0 0 0 0 0 

Interdisciplinary Journal of Problem-Based Learning 

(IJPBL) 
0 0 0 0 0 0 0 0 0 0 0 0 

International Journal of Emerging Technologies in 

Learning (iJET) 
0 0 0 0 0 0 0 0 0 1 0 1 

International Journal of Teaching and Learning in 

Higher Education (IJTLHE) 
0 0 0 0 0 0 0 0 0 0 0 0 

Journal of Computer Assisted Learning (JCAL)  1 0 0 0 0 0 0 0 0 0 1 2 

Journal of Online Learning and Teaching (JOLT) 0 0 0 0 0 1 0 0 0 0 0 1 

Total 1 0 1 2 0 3 1 1 2 3 2 16 

 

The analysis of the identified articles on this literature research question (LRQ1) indicates that before 

2010 the focus was mainly on exploring the mobile learning challenges including usability. (Magal-Royo 

et al. (2007) have proposed that usability evaluation methods should be used in mobile learning domain. 
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However,  (Vavoula & Sharples, 2008) have considered the mobile learning challenges to be more than 

usability. Already in 2009, (Mostakhdemin-Hosseini, 2009b) identified more factors that impact mobile 

learning usability than the traditional usability evaluation. After 2010, instead of addressing individual 

methods, researchers have been focusing more on proposing mobile learning application design 

frameworks Liebenberg (2011), Wei (2011), Seraj & Wong (2014), and Dirin & Nieminen (2015b).  

LRQ2: What has been done in the field of mobile usability on user experience? 

Overall 5 articles (of 66, see Appendix 2) were identified (based on the keywords presented in section 

2.2) that are relevant to the LRQ2. These referred directly to the mobile learning usability on user 

experience in the article’s title or the abstract. Four of the articles are related to psychological challenges 

on effectiveness of mobile learning, emotional presence, students’ perceptions on mobile learning, and 

design approach.  One article elaborates on how users perceive playfulness of a mobile application. Most 

of the relevant articles (3) were published in 2014 and published in the iJIM journal (4).  

Table 3 presents an overview of articles that were identified as relevant for LRQ2 from the selected 

journals and conferences (table 1).  

Table 3. Number of relevant articles identified for LRQ2 in each forum per year 

LRQ 2 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 

International Journal of Interactive Mobile 

Technologies (iJIM)  
0 0 0 1 0 0 0 0 0 2 1 4 

World Conference on Mobile and Contextual 

Learning (mLearn) 
0 0 0 0 0 0 0 0 0 0 0 0 

European Journal of Open Distance and E-Learning 

(EURODL) 
0 0 0 0 0 0 0 0 0 0 0 0 

Interdisciplinary Journal of Problem-Based Learning 

(IJPBL) 
0 0 0 0 0 0 0 0 0 0 0 0 

International Journal of Emerging Technologies in 

Learning (iJET) 
0 0 0 0 0 0 0 0 0 0 0 0 

International Journal of Teaching and Learning in 

Higher Education (IJTLHE) 
0 0 0 0 0 0 0 0 0 0 0 0 

Journal of Computer Assisted Learning (JCAL)  0 0 0 0 0 0 0 0 0 1 0 1 

Journal of Online Learning and Teaching (JOLT) 0 0 0 0 0 0 0 0 0 0 0 0 

Total 0 0 0 1 0 0 0 0 0 3 1 5 

The main aim of LRQ2 is to identify how research has thematically progressed toward user experience. 
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It appears that this has happed through addressing usability, emotional attachment, motivation, and 

encouragement in the context of mobile applications. Motivating users was raised already in 2005 by 

Schwabe & Göth (2005). After that, researchers have identified factors such as perceived playfulness 

(Huang et al. 2012), emotional presence in mobile learning (Cleveland-Innes et al. 2013), and satisfaction 

in learning specific technical subjects (Seraj & Wong, 2014). 

 

LRQ3 How have user experience factors been identified by other researchers related to learning 

technology? 

Overall 6 articles (of 66, see Appendix 2) were identified that are relevant to the LRQ3 (mobile learning 

user experience mentioned in the article’s title or abstract). Among 5 articles, 3 were related to user 

interface customization, 1 article to the UI adaptivity, and 1 article to motivation.  One article elaborated 

on how users perceive playfulness of a mobile application. Most of the relevant articles (3) were 

published in 2012 and most of them (2) have been published in the JCAL journal.  

Table 4 presents an overview of the articles that are identified as relevant for LRQ3 from the selected 

journals and conferences (table 1). 

Table 4. Number of relevant articles identified for LRQ3 in each forum per year 

LRQ 3 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 

International Journal of Interactive Mobile 

Technologies (iJIM)  
0 0 0 0 0 0 0 0 0 1 0 1 

World Conference on Mobile and Contextual 

Learning (mLearn) 
0 0 0 0 0 0 0 0 0 0 0 0 

European Journal of Open Distance and E-Learning 

(EURODL) 
0 0 0 0 0 0 0 0 1 0 0 1 

Interdisciplinary Journal of Problem-Based Learning 

(IJPBL) 
0 0 0 0 0 0 0 0 0 0 0 0 

International Journal of Emerging Technologies in 

Learning (iJET) 
0 0 0 0 0 0 0 0 0 1 0 1 

International Journal of Teaching and Learning in 

Higher Education (IJTLHE) 
0 0 0 0 0 0 0 0 0 0 0 0 

Journal of Computer Assisted Learning (JCAL)  1 0 0 0 0 0 0 2 0 0 0 3 

Journal of Online Learning and Teaching (JOLT) 0 0 0 0 0 0 0 0 0 0 0 0 

Total 1 0 0 0 0 0 0 2 1 2 0 6 
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The main user experience related themes that have been pointed out here have been published in recent 

(after 2012) publications except for the article by Glavinic et al (2008) on personalization and adaptation 

of the m-learning application user interface. The importance of personalization of m-learning 

environment was raised in 2015 by Teklehaimanot (2015).   

There was a lack of proper contributions regarding user experience factors in the reviewed forums and 

journals mentioned in the table 1. Therefore, I have expanded my background studies on user experience 

theme beyond the mentioned forums and journals. This is reflected in the references of the conceptual 

background of this thesis. 

 

LRQ4: What are the existing methods and models for m-learning application development? 

Overall, 44 articles out of the 66 were identified that are relevant for LRQ4. These articles were identified 

based on the keywords presented in section 2.2., especially “mobile learning development framework”. 

The title or abstract of 44 articles directly refer to the mobile learning application design and development 

frameworks and models in the article’s title or the abstract. Altogether 18 articles focused on the 

application development methodology such as participatory, scenario based, and activity theory based 

mobile learning application development.  Four (4) articles focused on evaluation framework. 

Additionally, 14 articles discussed the mobile learning application design frameworks which consist of 

multiple methods and stages of development. Furthermore, 8 articles discuss on the mobile learning 

design and development theory e.g. “towards open formats for mobile learning” or “media synchronicity 

theory”. 

Most of the relevant articles (7) were published in 2011 by the selected forum (table 1) and most of these 

articles (14) have been published in the iJIM journal. Table 5 presents an overview of the articles that 

are identified as relevant to the LRQ4 from the selected journals and conferences (table 1). 

Table 5. Number of relevant articles identified for LRQ4 in each forum per year 

             
LRQ 4 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total 

International Journal of Interactive Mobile 

Technologies (iJIM)  
0 0 1 0 3 4 2 1 0 1 2 14 

World Conference on Mobile and Contextual 

Learning (mLearn) 
0 0 0 1 0 0 3 3 3 3 0 13 

European Journal of Open Distance and E-Learning 

(EURODL) 
0 0 0 0 0 0 1 0 0 0 1 2 
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Interdisciplinary Journal of Problem-Based Learning 

(IJPBL) 
0 0 0 0 0 0 0 0 0 0 0 0 

International Journal of Emerging Technologies in 

Learning (iJET) 
0 2 1 0 0 0 0 0 0 1 0 4 

International Journal of Teaching and Learning in 

Higher Education (IJTLHE) 
0 0 0 0 0 1 0 0 0 0 0 1 

Journal of Computer Assisted Learning (JCAL)  1 0 3 2 1 0 1 1 0 0 1 10 

Journal of Online Learning and Teaching (JOLT) 0 0 0 0 0 0 0 0 0 0 0 0 

Total 1 2 5 3 4 5 7 5 3 5 4 44 

 

As table 5 shows, the majority of the articles during 2005-2015 on the mentioned forums in table 1 are 

focused on framework development. A framework addressing themes “usable and easy to use” in the 

context of mobile learning applications was already recommended in 2005 (Sung et al., 2005) and 

proceeded by Vavoula & Sharples (2008) with a three level framework to overcome the m-learning 

challenges. Knutsson et al. (2011) continued with methodological development by recommending 

participatory design and Dissanayeke et al. ( 2012) proposed activity theory for mobile learning 

application design and development.   A recent framework to design and deliver mobile learning through 

social networks was recommended by Katz (2015). 

The LR analysis shows that the amount of selected publications in the forums (table 1) is rising towards 

the latter years in the analyzed time frame. Additionally, most of the identified articles have focused on 

mobile learning application design and development framework and models. As shown by the answer to 

LRQ3, the amount of publications on user experience appears to be inadequate compared to other articles 

in mobile learning application development domain. This indicates that user experience research in 

mobile learning domain still in its early stages and relatively new. 

 

2.2. Usability of Mobile Learning Applications 
 
The term “usability inspection” refers to a set of methods that enable system developers to evaluate the 

usability aspect of the target application (Wilson, 2014). Usability inspection methods are continuously 

evolving, since traditional usability measures do not cover new contexts such as e-learning and m-

learning (Fetaji & Fetaji, 2011). Therefore, new methods and approaches are continuously being 

developed to promote the usability of systems and applications in the new applications’ domain. 

Researchers, particularly those in the field of human-computer interaction (HCI), have developed 

comprehensive sets of usability guidelines to help designers produce usable systems. The traditional 
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usability methods and approaches such as the heuristic evaluation popularized by Nielsen and Molich 

(1990) and the cognitive walkthrough designed by Polson et al. (1992) evolved based on technological 

advancement and the demand for evaluations of new applications. Heuristic evaluation (Nielsen, 2011) 

and cognitive walkthroughs (Grigoreanu & Mohanna, 2013) assist designers in collecting users’ feedback 

regarding applications, products, or services. The analysis of the gathered feedback helps designers to 

explore the system’s or the application’s effectiveness, efficiency, and level of satisfaction as indicated 

by the “guidance on usability” of international standard ISO 9241-11 (ISO 9241-11 Standardization 

1998). Nielsen (2012) defines usability as a quality attribute that assesses how easy user interfaces are to 

use. Usability is defined based on how efficiently users are able to learn new tasks, memorize the essential 

steps, and perform these tasks without errors, or to demonstrate error-tolerance capabilities and show 

satisfaction with the design of the applications. In the following sections, the well-known usability 

guidelines are presented. 

 

2.2.1. Mobile learning usability 
 

The usability evaluation methods and approaches available for e-learning are rather mature (Ssemugabi 

et al., 2007; Zhang & Adipat, 2005), particularly in terms of a machine-learning-based usability method 

for e-learning applications (Oztekin et al., 2013), when compared with those for m-learning applications. 

The complexity of mobile devices and mobile learning applications’ content, as well as the context-of-

use, mandates distinct usability evaluation processes and guidelines. Therefore, traditional usability 

inspection methods such as evaluation guidelines (Hollingsed et al., 2007) are not necessarily sufficient 

even though they were widely employed by designers during the early days of m-learning applications. 

Therefore, Inostroza et al. (2012) propose heuristic evaluation (HE) for mobile usability assessments by 

applying either a questionnaire survey (Po et al., 2004) or focus groups (Corlett et al., 2005) to assess the 

usability of mobile learning applications. By means of the technological advancement, the complexity of 

m-learning applications may increase over time. The existing usability methods are hence no longer 

sufficient to detect and anticipate the m-learning applications’ usability failures. As a result, researchers 

have focused on developing a framework to assist designers in creating a usable mobile learning 

application. For example, Harrison et al. (2013) recommend the People at the Center of Mobile 

Application Development (PACMAD) model, which combines many usability approaches to boost the 

mobile application’s usability, while Fetaji et al. (2011) propose the mobile learning usability attribute 
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testing (MLUAT) model to promote the mobile learning application’s usability. In their MLUAT model, 

Fetaji et al. (2011) combine qualitative testing using questionnaire and observation with quantitative 

testing measuring the five attributes of the heuristic evaluation method with relevant experts.  

Mobile learning applications’ usability often mandates multi-tier usability assessments such as mobile 

device usability, mobile application usability, and mobile content and pedagogy usability. Hence, 

Vavoula and Sharples (2008) address mobile learning applications on three different levels: the micro 

level (concerned with the evaluation of usability), the meso level (concerned with the evaluation of 

learning), and the macro level (focused on the evaluation of the integration with existing educational 

contexts). The different levels of usability assessments for mobile learning applications are explored in 

the following paragraphs. 

 

2.2.2. Usability of mobile phones  
 

A mobile phone has various attributes such as the user’s mobility (Wu et al., 2013), which renders users 

accessibility, ownership (Lane & Manner, 2011), and connectivity (MacCormick, Dery, & Kolb, 2012). 

These attributes are the result of existing in-device or third-party mobile applications, embedded 

technologies, and sensors. For example, technology such as the global positioning system (GPS) 

(Aughey, 2011) combined with an appropriate third-party application such as maps (Vandeviver, 2014) 

enables users to search and navigate locations. Smartphone functionalities are not, therefore, limited to 

communication, but also include the entertainment medium and personal task management. Furthermore, 

smartphones are integrated with a wide range of advanced technologies and capabilities such as sensors, 

image capturing, video camera, and cloud computing technology, which make the devices cognitively 

aware of users’ behavior in various contexts (Campbell & Choudhury, 2012). Consequently, mobile 

phones are complex gadgets that have evolved from simple handheld phones to Internet-enabled 

multifunctional devices (Barkhuus & Polichar, 2011). Thus, designing and developing a new application 

for these devices is a challenging task for designers, especially from a usability point of view. Similarly, 

researchers such as Kukulska-Hulme (2005b) state that the nature of mobile phones’ usability is 

fundamentally different from that of desktop computers due to fragmentations in terms of operating 

systems and user interfaces. Hence, the desktop usability guidelines are not necessarily applicable for 

mobile devices, which is indicated by the guidelines that are specifically targeted toward mobile phone 

usability evaluation. For instance, the multi-level hierarchical model of mobile phones’ usability 
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evaluation guidelines proposed by Heo et al. (2009) and the guidelines specifically for mobile web 

usability compiled by Hong and Kim (2011).  

However, the development path of mobile phones indicates that such devices have always been 

associated with hardware and software limitations such as screen size, keypad, and operating system 

fragmentation (Gaylord, 2012). Further, despite significant contemporary improvements, some of these 

limitations remain. In the following, the major limitations are briefly discussed. 

 Keypad. Although the capabilities of devices have improved significantly over time, many 

mobile phone applications still require a keypad as the input medium (Orngreen et al., 2010). 

Alternative solutions to overcome mobile phone keypad challenges have been proposed, 

including QWERTY (Habib et al., 2012). The keypad did facilitate text entry, but it is still far 

from achieving the same user experience as a PC keyboard. Many attempts have been made 

to improve keypad usability (Gong & Tarasewich, 2005; Mittal & Sengupta, 2009), although 

an optimal experience has not yet been achieved. Researchers have also revealed that the 

screen size has a significant impact on the information seeking efficiency on mobile phones 

(Raptis et al., 2013).    

 Content Access. Mobile users are often on the move. In-device applications often require data 

connectivity for the uploading or downloading of content. Therefore, data connectivity for 

content access is crucial for smartphone users. Many solutions have been recommended, 

including offline web and WIFI (Ruan et al., 2011), to overcome the connectivity challenges. 

 Battery Life. Rahmati and Zhong (2009) consider battery life to be a major usability concern 

for mobile phone users. Their study investigated how mobile phone users deal with the limited 

battery life of their device. However, there have been significant improvements in mobile 

phones’ battery quality due to the optimization of users’ behavioral patterns (Priyantha et al., 

2010; Zhao et al., 2011).  

Despite the abovementioned limitations, Gold et al. (2012) show that users’ performance with mobile 

phones depends on the users’ level of expertise, gender, and age. Furthermore, Bay and Ziefle (2005) 

investigate the ease of use and learnability of mobile devices with children, and they find that both factors 

depend on the mobile phones’ complexity. However, incessant usability problems (i.e., battery life and 

limited memory) are some of the persistent and unfortunate user experiences associated with certain 

smart devices, despite recent solutions such as cloud-based storage integration (Coursaris & Kim, 2011). 
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2.2.3. Usability of mobile applications  
 

Mobile phones have become one of the most common gadgets among all consumer electronics (Wong, 

2010). The importance of handheld computing usability was identified by mobile manufacturers from 

the early days of the technology. The significance of mobile applications’ usability was particularly noted 

once smartphones were enabled to execute third party applications (Kallio & Kaikkonen, 2005). Third-

party developers have exhibited great interest in employing this popular gadget in new environments by 

designing and developing innovative new mobile applications. Hence, numerous applications have been 

designed, developed, and provided to consumers through various smartphone marketplaces.  

Based on the characteristics and limitations of smartphones, new mobile applications require extensive 

design, development, and usability considerations.  

Researchers, particularly those in the field of human-computer interaction, have developed 

comprehensive sets of usability guidelines to help designers produce usable systems (McGrenere, 1996). 

There have been extensive attempts made by academicians and practitioners to anticipate the smartphone 

applications’ usability failures at various phases such as design, development, and production (Ham et 

al., 2007; Nielson, 2009). For instance, Kaikkonen et al. (2005) highlight the importance of mobile 

application usability assessments and they compare the results of the laboratory and field testing of 

mobile applications, therein promoting pilot testing instead of field testing. Ji et al. (2006) and Hussain 

and Ferneley (2008) recommend mobile usability guidelines that are accompanied by a metric for mobile 

application usability assessment. Furthermore, Zhang and Adipat (2005) and Jokela et al. (2006) study 

mobile application design and development challenges, and they identify nine usability evaluation 

attributes with measurable variables. Gong and Tarasewich (2004) study mobile devices’ user interface 

design characteristics and limitations, especially when compared to a desktop environment. They apply 

existing interface design guidelines for mobile devices such as enabling shortcut menus for frequent users, 

offering informative feedback to mobile application users, designing dialog to yield closure, and a 

supportive internal locus of control, consistency, reversal of actions, error prevention, simple error 

handling, and reduction of short-term memory load (Gong & Tarasewich, 2004). In addition, Nayebi et 

al. (2012) classify the development of mobile application usability into three stages: (1) laboratory 

experiments, (2) field studies, and (3) hands-on measurement.  

Coursaris and Kim (2011) and Harrison et al. (2013) conduct a literature review concerning mobile 

application usability, and they recommend a mobile application usability evaluation framework and 

model. In their model, in addition to traditional usability factors such as efficiency, effectiveness, and 
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satisfaction, Harrison et al. (2013) include additional factors such as cognitive load. The mobile 

application usability guidelines are still evolving to include new guidelines and methods as the 

applications on smart devices become more complex. The development of the mobile application 

usability guidelines is often based on known guidelines such as the heuristic guidelines (Nielsen, 2011), 

for example, Hoehle and Venkatesh (2015) develop and validate a mobile application usability 

conceptualization and survey instrument based on Apple’s user interface guidelines. The findings of 

Hoehle and Venkatesh (2015) indicate that conceptualizations of the mobile application’s usability 

ensures user loyalty to the application. Similarly, Shitkova et al. (2015) propose guidelines concerning 

layout, navigation, and design to assess the mobile applications’ and websites’ usability. They then 

validate their usability guidelines in case studies of two mobile applications. 

   

2.2.4. Usability of mobile learning  
 

Mobile learning usage was primarily associated with e-learning applications (Pinkwart et al., 2003) and 

m-learning applications were considered to be missing components of e-learning offerings 

(Mostakhdemin-Hosseini & Tuimala, 2005). There was ambiguity regarding the application of m-

learning usage, for example, Georgiev et al. (2004a) state that m-learning is a new phase in distance 

learning. Despite considerations concerning the m-learning application’s context of use, Stockwell 

(2008) affirms the fact that despite users’ awareness of mobile phones’ limitations, they still show interest 

in using smart devices for educational purposes and educational activities. Furthermore, advancements 

in networks and wireless technology, in addition to increases in smartphones’ features and capabilities, 

have caused students and teachers to amend their expectations of applications. Hence, standalone mobile 

learning applications have become more feasible and popular for course offerings.  

Mobile learning applications’ content, as a standalone or enhanced for existing tools (e.g., e-learning), is 

provided to users through two distinct means. First, users install the application onto their devices and 

the learning content is uploaded to the phone at the same time. Therefore, the learning content resides in 

the users’ phones. This solution often requires extensive memory space. Second, users only install the 

m-learning user interface and then the learning content is uploaded on demand through various 

technological architectural solutions such as push technology (Qu & Qi, 2009). The latter solution is 

evolving all the time, for example, advancements in server-based technology such as software as services 

(SAAS) and cloud technology (Alamäki & Dirin, 2014). Therefore, the content is uploaded to the device 
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based on users’ queries or uploaded according to the users’ context from the server to the mobile 

application. In both of these architectural solutions, three layers of usability assessments are essential for 

performance: (1) the m-learning application usability, (2) the content usability, and (3) the pedagogical 

usability of the mobile learning application (Mostakhdemin-Hosseini, 2009b).  

 

2.2.5. Summary of the literature review concerning mobile learning usability 
 

A summary of the literature review concerning mobile learning usability is provided in the following 

paragraphs. The literature review is based on papers published in different conference proceedings and 

journals during 2002 to 2010. The summary of the literature review has been previously published (Dirin 

& Nieminen, 2014). In this dissertation, however, the literature review is extended to cover publications 

up to 2016. These additional publications (Deegan & Rothwell, 2010; Frohberg et al., 2009; Hussain et 

al., 2015; Kukulska-Hulme, 2007) are also addressed in the following paragraphs.   

Mobile learning applications’ usability was initially applied in the form of traditional usability 

inspections, although it was soon realized that this was not sufficient (Po et al., 2004). Therefore, 

alternative solutions, models, and frameworks were proposed to anticipate usability failures. In the 

following, a summary of the evolution of m-learning usability over time is presented.   

Magal-Royo et al. (2007) propose a set of criteria for determining m-learning applications’ usability. 

They combine the traditional usability criteria with innovative new criteria to assess m-learning 

applications’ usability. Thomas et al. (2003), on the other hand, recommend usability guidelines that help 

in the development of mobile learning games. Thomas et al. (2004) stress the need for comprehensive 

research on usability evaluation principles specific to m-learning. Moreover, Thomas et al. (2004) 

propose and initiate a usability framework dialog to be modified, enhanced, and validated by the mobile 

learning community. The technological advancements in smartphones and cheap data exchange rates 

have enabled users to customize their mobile to their own needs (Häkkilä & Chatfield, 2006). Hence, the 

design and development of mobile learning applications have become more complex. Users’ 

requirements for mobile learning applications’ functionality have also been increased due to 

technological advancements. Hence, the traditional usability inspections were no longer sufficient to 

overcome the challenges of mobile learning applications’ usability. This change in trend was also visible 

in literature reviews concerning usability (Deegan & Rothwell, 2010) and in the study by Kukulska-

Hulme (2007).  
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Seong (2006) formulates three usability evaluation categories for a mobile learning application, namely 

the user interface, the interaction, and the interface design. Furthermore, Seong (2006) recommends ten 

usability guidelines to measure the mobile learning application’s usability. Simultaneously, researchers 

have proposed a systematic mobile learning application design and development methodology in order 

to gain better usability and user experience. This includes recommendations for the learner-centered 

design and development of m-learning applications (Basaeed et al., 2007; Low et al., 2006; Soloway et 

al., 1994; Wong, 2012).   

Additionally, researchers endeavor to evolve specific m-learning application methodologies so as to 

boost mobile learning applications, for example, Evans & Tayler (2004) proposes a scenario-based 

solution for mobile learning application development. The scenario is applied as a prototypical 

development process in which the focus is on teachers’ and learners’ roles throughout various stages of 

the prototype’s development. Other researchers, however, believe that the stakeholder must be involved 

in development. Researchers such as Pehkonen and Turunen (2003), Malliou et al. (2004), and Rebaque-

Rivas et al. (2010) advocate the use of user-centered design (UCD) principles for usable m-learning 

application development. Meanwhile, researchers such as Malliou and Miliarakis (2005), Jäppinen et al. 

(2005), Zaibon and Shiratuddin (2010), and Razek and Bardesi (2011) are more focused on how to 

present the content of m-learning applications. Therefore, they recommend adaptive mobile learning 

application development in order to generate usable and efficient mobile learning applications.  

An m-learning application’s usability has been recognized as an important factor in that application’s 

usage. However, the complexity of both mobile devices and the m-learning application itself make 

usability even more difficult to achieve. Indeed, researchers have failed to come up with a single solution 

such as a generic guideline (i.e., heuristic evaluation). The researchers’ objective has been to design a 

systematic approach for a usable and continuous usage of mobile learning application for potential 

stakeholders. As a result, guidelines, frameworks, and theory regarding m-learning applications’ 

usability were recommended as early as 2005. For instance, Sharples et al. (2005) recommend a theory 

for mobile learning application development whereby the designed application is based on a new 

environment and technologies. Similarly, Koole and Ally (2006)  Framework is a Rational Analysis of 

Mobile Education (FMRE ) model that is intended to assess the effectiveness of mobile devices for 

distance learning. Furthermore, Koole and Ally (2006, p. 1) model considers m-learning to be a process 

that results from a “convergence of mobile technologies, human learning capacities, and social 

interactions.” Motiwalla (2007) proposes a framework that provides the essential requirements for 
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developing an m-learning application that can be employed in the classroom and for distance learning. 

Parsons et al. (2007) propose a framework based on a systematic approach to mobile learning application 

experience design. Their model was actually based on a game design that consists of several stages. In 

addition, Vavoula and Sharples (2008) propose a three-layer framework that contains guidelines for 

mobile learning application usability assessments in each layer. The findings of these researchers clearly 

helped in their proof-of-concept case study applications. However, it has not produced a universal 

solution for m-learning application development; therefore, the systematic methodological development 

has continued to evolve. 

Due to the significant technological advancements in mobile devices and the cheap data connectivity by 

the end of 2000, m-learning as an educational medium has become more of a reality, as well as proving 

popular among students. Hence, researchers’ approach to m-learning application design has switched 

from the development of usability guidelines to proposing systematic software engineering methods to 

gain improved usability and a better user experience in m-learning applications. For example, Nordin et 

al. (2010) recommend a framework that systematically enables the design of mobile learning applications 

from a learning perspective. The framework consists of four models, for example, generic mobile 

environment issues, learning context, learning experience, and learning objectives. Similarly, Elias’ 

(2011) recommendations for designing educational materials for mobile devices are yet another initiative 

for ensuring the usability and robustness of the learning materials for m-learning applications. The main 

focus is on developing a systematic mobile learning application design methodology that ensures the 

usability of the application and stresses the importance of user experience in the designed application 

(Pallot et al., 2010).   

Pedagogical usability is also recognized as an important factor in m-learning applications’ continuous 

usage and user satisfaction. Researchers such as Navarro et al. (2016) conduct a literature review 

concerning mobile learning usability assessments, which statically presents the applied methodology for 

mobile learning usability assessments. Additionally, Navarro et al. (2016) recommend an evaluation 

framework for m-learning systems that consists of two parts: pedagogical usability and user interface 

usability.  Navarro et al. (2016) propose guidelines for user interface design that mainly focus on the 

usability of the m-learning application’s design. These types of framework and guidelines demonstrate 

that the usability of m-learning applications is still evolving and, further, that the existing approaches are 

not sufficient to result in an error-free mobile learning application.   
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Usability failures have not proved easy to detect during the m-learning conceptual design phase. 

Therefore, researchers such as Ng and Nicholas (2013) suggest a person-centric framework for 

sustainable mobile learning in schools. This ensures the learners are involved in the conceptual design 

phase in order to better detect possible failures. Unlike Ng and Nicholas' (2013) person-centric 

framework, Fulantelli et al. (2015) propose a task-interaction framework that helps educational decision 

making in mobile learning. Fulantelli et al.'s (2015) framework is based on the relationship between the 

different interaction types that occur in mobile learning activities and the tasks that are pedagogically 

relevant. On the other hand, (Ozdamli & Cavus, 2011) recommend that knowledge of the basic elements 

that impact m-learning would enable the design of a robust m-learning application. Hence, Ozdamli and 

Cavus (2011) define the basic elements and characteristics of a mobile learning application as the learner, 

the teacher, the environment, and the content  assessment of the basic elements of the completed mobile 

learning. Their findings are similar to the visible role-players (III) identified in this dissertation.   

This section illustrates the complex nature of m-learning applications’ design, development, and usage.  

Researchers in various academic fields such as HCI, pedagogy, and software development have offered 

solutions to overcome this complexity. This includes solutions founded on a usability evaluation 

framework for m-learning applications, pedagogical factors and guidelines specific to m-learning, and 

methodological development such as person- or task-centric m-learning application design and 

development. This dissertation, however, emphasizes the importance of the m-learning user experience 

in addition to the usability and pedagogy. The main objective is therefore to ensure the ease of use and 

continuity of an m-learning application usage, which results in a positive user experience.    

 

2.3. Toward User Experience in Mobile Learning 
 

Mobile learning applications are targeted toward smartphones, which have thousands of potential 

downloadable entertainment applications such as games (I). In this environment, an m-learning 

application should be designed so that it can compete for students’ time with other in-device applications. 

With the ever increasing amount of available applications, it is easy for individuals to move on to another 

application. In order to support continuous usage, an m-learning application must also be emotionally 

engaging for users (VII).  

A positive user experience can be seen to contribute to continuous usage. The user experience is therefore 

considered to be an important element of a mobile application’s success (Roto et al., 2010). User 
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experience design is a multidimensional phenomenon in which many factors influence success. For 

example, Carlos et al. (2011) identify users, context, interaction, and artifacts as key impact elements. 

Hassenzahl and Tractinsky (2006) suggest that the advancement of technology has caused interactive 

products to become not only useful and usable, but also trendy and fashionable.  

User experience has become a viable alternative to traditional HCI design, which is indicated in recent 

practitioner discussions such as the UXPA Magazine article “UX Maturity Model: From Usable to 

Delightful” by Sakhardande and Thanawala (2014) and the blog post “Is There a Formula for Delight” 

by Rowe (2014). Their models indicate the need to go beyond the boundaries of functional and reliable 

(Rowe, 2014), as well as the necessary utility and usability (Sakhardande & Thanawala, 2014), toward 

providing desirable, delightful, and pleasurable services. However, the concepts contributing to “beyond 

usability” and “toward user experience” still need to be defined in more detail. 

 

The answer to the question of why we have to go beyond usability and toward user experience in m-

learning is also addressed in the following journal papers.    

Zbick et al. (2015) propose a web-based framework for designing a platform-independent mobile 

learning application along with authoring tools. Their web-based framework is based on similar 

recommendations and findings to those presented in paper (I), for example, recommendations about 

mobile learning applications using a cross-platform technology such as HTML 5. They highlight the 

importance of usability and acceptance of the technology behind the mobile learning application and the 

resultant authoring tools. However, they do not address user experience in the development of the 

authoring tools. Despite the fact that the application and the authoring tools are investigated thoroughly 

from the usability perspective, they do not address the users’ attitudes regarding the application’s 

performance, for instance, how satisfied or delighted the users are. 

Ali et al. (2014) develop a conceptual framework to design and measure the usability of m-learning 

applications. To assess and evaluate their conceptual framework, Ali et al. (2014) develop a software 

prototype based on that conceptual framework. Ali et al. (2014) compare the usability of their software 

prototype with that of existing applications. Based on students’ feedback, they conclude that the 

application which resulted from applying the guidelines of the conceptual framework was more usable 

than other applications. 

Yu and Kong (2016) investigate the mobile web page interface design’s impact on ease of use, 

interactivity, reading time, ease of learning, and perceived user-friendliness in order to predict the user’s 
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satisfaction with the mobile browsing experience. Their paper reveals the trend of using usability factors 

such as ease of use to achieve a better user experience. Their attempt to address user experience indicates 

that usability is important in mobile learning, but not sufficient. Despite the title of (Yu & Kong, 2016) 

paper, which indicates a focus on user experience of web browsing on a small screen, they raise the 

importance of user experience but do not reveal any user experience factors that impact users’ 

satisfaction, including aspects such as delightfulness and reliability. However, they do mention that the 

user experience assessment of other types of mobile websites will be left for a future study. In their list 

of websites to be studied at a later date, mobile learning sites and applications are missing. 

A recent dissertation by (Rikala, 2015) addresses the sustainability of m-learning applications and 

focuses on the formal educational context. This demonstrates the importance and timeliness of the user 

approach in m-learning. Rikala (2015) particularly emphasizes the learning and pedagogy perspective. 

In the formal educational context, learners are obliged to use the application as part of their mandatory 

learning activities. This dissertation, however, is not only targeted toward the formal educational context, 

but toward a general audience outside of formal educational institutes as well. However, the continuous 

usage of mobile learning applications by learners is the main concern. Rikala (2015) addresses 

sustainability through pedagogical solutions, while the importance of user experience factors is 

emphasized for achieving sustainable usage. In contrast to the formal educational context, the user 

experience factors play an important role in the non-formal educational context as users have the choice 

to use or not to use the m-learning application.  

Kuderna-Iulian et al. (2015) recognize the importance of behavior and emotions in learning and the 

acceptance of a software product. They design a multimodal monitoring tool to collect emotional 

feedback through mobile devices’ sensors. Their work indicates the need for and importance of emotion 

recognition. However, they do not point out specific emotional factors that would lead to continuous 

usage.  

 
2.4. Prevalent User Experience Factors for m-learning 
 

Despite a decade-long research on user experience (Hassenzahl & Tractinsky, 2006), the concept still 

suffers from vague and broad definition which is, for instance, reflected in the 27 definitions of user 

experience reported as a result of the Dagstuhl Seminar on Demarcating User Experience (Roto et al., 

2010) at the (see also http://www.allaboutux.org/ux-definitions). As we reach towards experience from 

usability, satisfaction is the attribute that leads us to that conceptual direction. Based on the work of 
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Carroll & Thomas (1988) already in late 1980’s (1988), Hassenzahl & Tractinsky (2006) includes the 

concept of “fun” as one of the profound elements of UX indicating the importance of delightfulness. In 

his model consisting of the three facets of UX (beyond the instrumental, emotion and affect, the 

experiential) the “emotion and affect” contains the subjective characteristic of UX making it important 

for users to adjust the tools and services according to their personal needs and preferences. Despite the 

need for systems to be delightful and satisfying, the trust to systems with utility is considered an important 

part of “emotional usability” as presented by Kim & Moon (1998). 

  

 Satisfaction is an indicator of a positive experience and the bridging of usability and user experience. 

Abelein et al. (2013) reveal that users’ participation and involvement in the software development 

process result in an overall increase in users’ satisfaction. Therefore, participatory user-centered design 

provides an appropriate grounding for the m-learning development process. Sun et al. (2008) reveal the 

factors that affect satisfaction with e-learning to be the learner’s computer anxiety, the instructor’s 

attitude toward e-learning, e-learning course flexibility, e-learning course quality, perceived usefulness, 

perceived ease of use, and diversity in assessments. They demonstrate that dissatisfaction with an e-

learning application demotivates users to continue using that application. Kim and Ong (2005) measure 

m-learning success factors from users’ perspectives. They use the user satisfaction construct to measure 

the success of m-learning. According to their findings, an m-learning application’s content, usability, 

system assurance, service commitment, and membership of a community are considered to be high-level 

contributors to user satisfaction. In addition, Liaw et al. (2010) reveal the impact of the satisfaction factor 

on a mobile learning application’s acceptance by users.  In the 27 definitions of user experience reported 

as a result of the Dagstuhl Seminar on Demarcating User Experience (Roto et al., 2010) (see also 

http://www.allaboutux.org/ux-definitions), satisfaction appears twice as a factor in definitions  

(Kuniavsky, 2010; bitpipe.com) 

 

Delightfulness is the key factor for customer loyalty to service companies (Sukwadi, 2015) and hence it 

can be seen to contribute to continuous usage. Lucero et al. (2014) emphasize the importance of a joyful 

experience that is also entertaining (see also the "emotional design" by Norman, 2004). Arnold et al. 

(2005) consider the concept of delight to be of interest to practitioners because it keeps customers loyal 

to the service. Fun and delightfulness, as Fontijn and Hoonhout (2007) reveal, maximize learning in 

children. Learning a new topic will prove more successful if the user feels that the learning process is 
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fun (Marcus, 2007). Lucardie (2014) demonstrates that fun and enjoyment could be as beneficial for 

adult learning as for children. The findings of Lucardie (2014) indicate that fun and enjoyment encourage 

and motivate adults to learn with enthusiasm. Neal and Normore (2005) additionally recommend that fun 

in e-learning should ideally enhance, but not interfere with, the learning. In the allaboutux definitions 

(Roto et al., 2010) delightfulness appears three times as a factor (Sutcliffe, 2009), (Norman & Nielsen, 

2016) and (TicToc). 

 

Reliability is addressed by Wixom and Todd (2005), who state that the user satisfaction literature 

explicitly enumerates system and information design attributes, for example, information accuracy and 

system reliability. O’Neill (2012) recognizes that trust has become an important factor in any information 

society. For example in Internet the safety and security of network technologies and systems have become 

a major concern for daily lives, e.g., children’s safety online.   Ajzen and Fishbein (1980) advocate that 

belief in the reliability of a system will affect the user’s attitude toward that system. Similarly, Bowen, 

Heales, and Vongphakdi (2002) recognize that reliability has an important impact on software businesses, 

as well as on the end users. Recently, in the context of mobile learning, Ibrahim and Walid (2014, p. 1) 

note that the effectiveness of m-learning is still questioned due to the “reliability, accuracy and validity 

of its content deliverables.” These studies and findings support the inclusion of reliability in the analysis 

and development of m-learning applications. In the allaboutux definitions (Roto et al., 2010) reliability 

has not explicitly mentioned but appears in broad definition by (UPA) such as every aspect of user’s 

interaction with a product, service, or company which user interact  which reliability is one of main the 

factor. Similarly, (Sherdroff) state that the “experience encompasses more than merely function and flow, 

but the understanding compiled through all of the senses”. 

 

Adjustability refers to the potential to personalize and customize an m-learning system. Du et al. (2006) 

suggest that product customization is an effective means of meeting individual customer’s needs. 

Learners employ different learning strategies due to their varying cognitive styles (Riding & Sadler-

Smith, 1997), which can be addressed in m-learning applications through adjustability. As a possible 

path forward for this, Gorlatch et al. (2006) define an adjustable program that allows users to introduce 

changes and optimization to the program during the later phases of the software lifecycle. Their Lyee 

programming methodology generates programs with high-level specifications by a non-expert user.   
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Despite the methodological developments related to m-learning applications’ usability and design, the 

importance of the m-learning user experience factors has not yet been researched thoroughly. In recent 

years, however, the importance of user experience in education, especially in m-learning environments, 

has been noted (Ruimin, 2014).  In the allaboutux definitions (Roto et al., 2010) adjustability has not 

explicitly appears but as similar definitions such as personalization experience is defined by (McNamara 

& Kirakowski, 2006) and (UXmatters). 
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3. Research Questions and Contribution 
 

3.1. Research Questions  
 

Mobile learning application development is a complex process, since it deals with learning and learners 

who interact through mobile devices. Many solutions have been proposed to ease the interaction and 

facilitate the learning process, for example, Soloway et al. (1994) recommend learner-centered design, 

while Malliou et al. (2004) and Pehkonen and Turunen (2003) advocate user-centered design. Jäppinen 

et al. (2005) suggest adaptive mobile learning systems, while Koole and Ally (2006) recommend a 

Framework for the Rational Analysis of Mobile Education (FRAME) model. Vavoula and Sharples 

(2009) recommend a three-level evaluation framework to assess m-learning usability, learning 

experience, and the feasibility of integration with other educational platforms. Fulantelli et al. (2015) 

suggest a task-decision framework that supports educational decision making in terms of mobile learning. 

The existence of these extensive methodologies and frameworks indicates that m-learning application 

development is not a straightforward exercise. However, these methodologies and frameworks often 

contribute to application development from a software engineering perspective, or they have an impact 

on the usability of specific m-learning applications. Importantly, these methodologies have not identified 

the role-players or their impact on the design and development phases necessary for m-learning 

applications.   

The importance of usability in terms of m-learning applications has been extensively raised by 

researchers who recommend usability guidelines and evaluation approaches (Chapter 2.2). However, the 

importance of user experience factors specific to m-learning applications appears to have been 

overlooked. Hassenzahl’s (2003) findings indicate that usability alone is not sufficient for product 

success without considering the user experience factors. The reviewed publications, frameworks, and 

methodologies have not, however, raised the importance of the user experience design factors specific to 

m-learning application development. Therefore, mobile learning applications must appeal to users and 

compete for students’ time with the entertainment applications available on their devices. Mobile 

learning applications only prove effective if users feel they add value or result in new freedom (Jäppinen 

et al., 2004;  Park et al., 2012). 

User-centered design (UCD) mandates that the stakeholders are directly involved in all stages of the 

application development phases. This is also applied in m-learning design in order to guarantee the m-
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learning application’s usability, user experience, and functionalities. The key to efficiently utilizing these 

devices in educational processes is careful application design that can be achieved by applying the 

Human Centered Design (HCD)-/User-Centered Design (UCD) principles.  

   

The main objective of this thesis is to study and propose a user-centered design framework for 

addressing user experience in m-learning application development. 

 

All research and analysis contained in this thesis is tightly connected to usability, user experience, and 

user-centeredness. Designing mobile learning applications for educational purposes requires well-

defined user-centered product development principles. User-centered design and the development of 

interactive applications and products have increasing importance in the field of product development 

(Nieminen, 2004). Such user-centered design both reduces costs (Ferre et al., 2010) and improves 

usability, since it focuses on the essential customer needs as early as possible.  

The framework in this study refers to a conceptual structure that assists in building m-learning 

applications. The conceptual structure consists of several sections, each of which have recommended 

methods. According to the principles of UCD, the design and development of a framework requires the 

identification of stakeholders, the context of use of the application, and m-learning-specific experience 

factors. Hence, the overall aim of this research project will be achieved by answering the following sub-

questions:  

1. What are the roles of the different actors and stakeholders involved in m-learning? 

2. What is the context of use of m-learning applications? 

3. How should the user experience factors be addressed in m-learning application development? 

Table 6 presents the research sub-questions and details the published conference papers in which the 

answers are provided. 

 Table 6. Research sub-questions and corresponding answers 

What are the roles of the different actors and stakeholders involved in m-learning? Paper II, V 

What is the context of use of m-learning applications? Paper I, IV   

How should the user experience factors be addressed in m-learning application 

development? 

Paper III, 

VI, 
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The background and introduction to the concepts presented in this dissertation are based on a review of 

the literature and related research. The empirical part of this study is based on m-learning application 

case studies and the evaluation of the results with potential application users. The empirical study is 

preceded by proposing and presenting the mLUX, a user experience and user-centered design framework 

specific for m-learning application development.  

 

3.2. Contributions  
 

This thesis addresses various aspects of mobile learning application development, for example, the 

learning framework, the context of use of mobile learning applications, mobile learning applications’ 

development processes, and identifying the stakeholders and their impact on mobile learning application 

development.   

The following table briefly presents the m-learning-related academic background that helps to answer 

the research sub-questions. Further detail on the background information is presented in the following 

chapter.  

Table 7. Summary of the research questions and the corresponding research/publications 

Research questions/sub-questions Background to research question: Reasoning and contribution In this study 

1. What are the roles of the 

different actors and 

stakeholders involved in 

m-learning? 

Identifying the stakeholders and their roles is important, as (Ozdamli & 

Cavus, 2011, p.1) present: “it is necessary that the elements of mobile 

learning are organized correctly and the interactions between the various 

elements are combined in an efficient and optimum way.” The ISO 9241 

standard (parts 11, 1998, and 210, 2010) indicates that the most important 

characteristics when designing interactive systems are the stakeholders and 

the context of use. Minuto (2005) emphasizes the importance of user-

centered design for the development of educational technology and states 

that stakeholders’ involvement is key to the success of the design. 

Identifying and engaging stakeholders and role-players in the design and 

development is a key concern in application development (Sanders & 

Stappers, 2008). 

Minuto (2005) lists various stakeholders (administrators, support staff, 

teachers, parents, students and even community members), but does not 

address their roles and activities in more detail, which is the focus of this 

research question.  

(Sa’don, Dahlan, Ibrahim, & Fadzleen, 2013) complement this by including 

role descriptions in their analysis of mobile learning in Malaysian secondary 

Chapter 7.1.1, 

papers II and V  
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education. Sun et al. (2015) extend Minuto’s (2005) descriptions of the 

stakeholders by adding several key elements (assessment, location/time, 

learning activities, resources, learning objectives, instructional content, and 

pedagogical principles) that complement teachers’, students’, and 

technology’s role in the design of a mobilized science curriculum.  

Some of the findings of (Ozdamli & Cavus, 2011) suggest that “ it is 

necessary that the elements of mobile learning are organized correctly and 

the interactions between the various elements are combined in an efficient 

and optimum way.” Similarly, Sun et al. (2015) highlight the visible role-

players’ contributions to their mobile learning applications. However, the 

roles of invisible role-players such as the mobile network operator are not 

addressed. 

This dissertation (Paper II) complements the previously identified 

stakeholders and the descriptions of their roles by including the impact of 

invisible stakeholders in the design and usage of m-learning applications.    

     

2. What is the context of 

use of m-learning 

applications? 

Teachers and students carry out educational tasks in different environments 

and contexts. M-learning applications aim to support stakeholders in these 

different contexts by providing appropriate resources and content. Walker 

(2006) argues that mobile learning is not just about learning how to use 

portable devices, but also learning across contexts. Mobile learning aims to 

overcome traditional educational constraints such as learning most 

commonly taking place in a classroom. Uden (2007) emphasizes the 

importance of understanding the context when developing both useful and 

flexible user interfaces. In more recent research, Thüs et al., (2012, p.1) state 

that “context is a central topic of research in that area [mobile learning].” 

They consider learning across contexts to be a benefit of mobile devices and 

conclude that “context is the most distinctive feature in mobile learning” 

(Thüs et al., 2012, p. 1). Designing a robust m-learning application mandates 

the identification of the context of use of the potential application. Thüs et 

al. (2012) suggest that context information includes details about the 

learner’s pace, knowledge, interest, and peers. These data contribute to the 

context parameters of m-learning applications. Smartphones nowadays are 

equipped with advanced technologies such as various sensors and GPS. 

These technologies help to detect the exact context where the learning need 

to happen. Researchers have applied these features and capabilities to design 

a context-aware mobile learning application (Gómez et al., 2014). 

Addressing this research question delivers further parameters for the 

technical development of context detection in mobile learning. This is 

enabled through modeling students’ capabilities when using different mobile 

platforms.  

Chapter 7.1.2, 

papers I and IV 
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3. How should the user 

experience factors be 

addressed in m-learning 

application 

development? 

Kukulska-Hulme (2005b) considers mobile learning usability to be an 

important factor. However, user experience is secondary to usability. 

Hassenzahl and Tractinsky (2006) emphasize that user experience plays an 

important role in that it attaches users emotionally. In addition to different 

digital services, this also applies to mobile learning applications. Even recent 

m-learning research emphasizes the technology’s acceptance and usability, 

for example, Zbick et al. (2015) raise the importance of the technology’s 

acceptance and usability evaluation in mobile learning applications. 

However, they do not raise the importance of user experience in mobile 

learning application development.  Similarly,  Ali et al. (2014) develop a 

conceptual model to measure the quality aspects of m-learning applications. 

Despite Ali et al.'s (2014) insinuation of the enjoyable experience of using 

m-learning applications for users, they do not, however, point to the 

measurement of enjoyment or any other user experience factor’s impact on 

m-learning applications.    

The importance of usability and user experience for mobile devices is also 

identified by other researchers such as Yu and Kong (2016), who attempt to 

demonstrate the impact of usability on the user experience when mobile web 

browsing. Yu and Kong (2016) demonstrate the perceived ease of use, 

interactivity, and interface design to be important factors. However, Yu and 

Kong (2016) do not specifically tackle the user experience factors that 

impact users’ emotional engagement through reliability, adjustability, or 

satisfaction with the ease of learning.  

The importance of user experience in m-learning is acknowledged by Shen 

(2014) Shen (2014) considers user experience to consist of three priorities: 

(1) content, which involves improving the quality of the delivered learning 

materials, (2) the teaching and learning process, which involves live and 

synchronized learning, and (3) the learner themselves, which involves the 

detection of their emotional state during mobile learning. Recent 

developments in mobile learning aim at developing applications based on 

user’s emotional state, as indicated in the work of Kuderna-Iulian et al. 

(2015). They develop a multimodal monitoring tool that is capable of 

detecting the learner’s behavior and emotional state. Zatarain-Cabada et al. 

(2014) address emotional recognition in their system for intelligent tutoring 

on Android-based mobile devices. 

Rikala's (2015) dissertation on a mobile learning framework for formal 

education considers the pedagogical factors that contribute to the sustainable 

usage of mobile learning. However, the user experience factor is ignored in 

(Rikala, 2015) work, leaving space for further research elaborating user 

experience.   

Chapter 7.1.3, 

papers  III and VI 
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3.2.1. Contribution to academia 
 

This study is grounded in user-centered design, which is part of the larger human-computer interaction 

research field. However, the special application field is mobile learning. The main contribution of this 

study is the creation of a mobile learning application development methodology intended to gain optimal 

usability and user experience. Thus, this research contributes to the combined research domain of 

usability and user experience in m-learning.  

The main contributions of this work have been published in mobile learning forums and in m-learning-

related journals. This specific area of research has been visible in academic conference proceedings and 

journals such as the International Conference on Advanced ICT for Education (ICAICTE), the 

International Conference on Computer Science in Education (CSEDU), the International Journal of 

Interactive Mobile Technology (iJIM), and the Journal of Computer Science in Education. 

Previous research I have reviewed (i.e., major e-learning/m-learning conferences; see Chapter 2) has 

noted the importance of usability in m-learning applications (Harrison et al., 2013; Nayebi et al., 2012), 

as well as addressing the state-of-the-art in mobile application usability and systematically reviewing the 

literature on mobile application. Harpur and Villiers (2015) propose a MUUX-E model that emphasizes 

the usability of mobile learning. Malliou and Miliarakis (2005) present an ad hoc mobile learning 

development process in which various experts such as technological experts, educators, and 

psychologists are involved. They explicitly present their experience in mobile learning technical 

development and usability evaluation results. Additionally, they recommend that a mobile learning 

application must meet the following requirements: Interactivity, Interdisciplinary, Unobtrusiveness, 

Availability, Adaptivity, Usefulness, and Suitability. My previous study (Mostakhdemin-Hosseini, 2003) 

recommends the use of scenario-based design. In line with methodological developments, Seong (2006) 

investigates mobile learning application usability and recommends ten usability guidelines specific to m-

learning application development. Magal-Royo et al. (2007) similarly study conventional usability 

methods to verify both the content employed in wireless formats and the possible interfaces from the 

conception phases’ role in m-learning applications’ content. Kukulska-Hulme (2007) analyzes the 

applied mobile learning usability methods via a literature review. Nikoi (2008) reveals the WoLF (Work-

Based Learners in Further Education) Project’s findings that pocket PCs can support portfolio 

development by teaching assistants. Nikoi (2008) develops a pedagogical model with proof of concept, 

in addition to resources for designing reflective learning.  

Based on the results and discussion in the aforementioned publications, the following issue has not yet 
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been thoroughly addressed: user experience factors specific to m-learning application development. My 

research questions reveal new information on this issue, especially concerning the combination of 

usability and user experience factors, which has also been indicated by recent researchers to be an 

understudied area (Shen, 2014). Additionally, my research strengthens the findings of previous studies 

(Lipp, 2012) suggesting that system designers must consider user experience factors in addition to 

usability. 

Additionally, in Chapter 6, this thesis contributes to the methodology that can be used to systematically 

analyze the relation between user-centered design process and user experience factors.  

 

3.2.2. Contribution to practice 
 

Students and teachers nowadays carry various gadgets, including smartphones. These devices are not 

often consistent in terms of the design and development of a new application. There are still key 

differences between these devices, for example, the operating system and development environment. 

Despite recent technological advancements in mobile devices and network operators’ services offerings, 

mobile application development to allow smartphones to support all platforms is still troublesome from 

various perspectives. However, the latest developments have made application usage far more affordable. 

For instance, the data exchange rate since 2004, when we designed and developed the first case study 

application, has decreased sharply. The cost of mobile learning application usage was the main concern 

of students, teachers, and educational institutes alike in 2003, for example, “great application, but I 

cannot afford the cost” (Mostakhdemin-Hosseini, 2003). Nonetheless, the latest technological 

advancements have resulted in large numbers of mobile applications that are mostly freely available in 

smartphone application stores.  

Therefore, this study recommends user experience (UX) factors specific to m-learning applications. 

These UX factors engage users emotionally, which makes the m-learning application better able to 

compete for students’ time with other entertainment applications available on the device. This helps users 

to engage in continuous application usage and application retention for a longer period. Hence, in order 

to achieve sustainable usage (VII) and retention, the stakeholders (II) of the m-learning application must 

be involved in all design and development phases. 

The mLUX (VI) is an m-learning application development framework that ensures role-players’ 

requirements are considered in all design phases. Additionally, the mLUX framework forces the 
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development of the application to comply with the proposed user experience factors. This has been 

demonstrated and proved in the case study projects (V, 2, 3, and 4). The contribution of the mLUX 

framework to practice is the systematic development of the m-learning applications, which tackles the 

usability and user experience of potential m-learning applications. Moreover, the results of this study 

will help practitioners to develop an error free, usable mobile learning application for their target users. 
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4. Research Approach and Methods 
 
This dissertation is intended to serve two purposes: product development, which is predominantly 

targeted towards practitioners, and academic research for academicians. The product development aspect 

of this dissertation employs human-computer interaction (HCI) methods and user-centered design (UCD) 

principles to explore, design, and develop a usability and user experience framework for m-learning 

application development (mLUX) (VI). The mLUX framework has its origins in my previous research 

(Mostakhdemin-Hosseini, 2003). This chapter focuses on the research approach and research methods in 

terms of developing and evaluating the mLUX framework.  

 

4.1. Constructive Research and Design Science 
 

This research study follows the constructive research approach (Kasanen et al., 1993), which denotes 

problem solving through the construction of models, diagrams, and plans. This mode of research is 

widely used in technical sciences, mathematics, operations analysis, and clinical medicine. Figure 1 

illustrates the constructive research approach with which this study combines problem solving and 

theoretical knowledge. Kasanen et al. (1993) suggest there to be four phases of constructive research. 

The first phase involves finding a practical problem that has research potential. The second phase is the 

development of comprehensive knowledge about the topic. The third phase involves the formulation of 

the solution idea, while the fourth phase demonstrates that the solution works. Finally, it is necessary to 

demonstrate the theoretical connection and the research contributions based on the proposed solutions. 

Hence, constructing a new solution is the core of constructive research. Furthermore, the solution must 

be innovative from both a practical and a research perspective.  

 

Figure 2. Elements of constructive research (Kasanen et al., 1993). 
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Accordingly, my research has applied the constructive research methodology (Kasanen et al., 1993) by 

constructing a model based on practical questions that are addressed with conceptual and theoretical 

modeling.   

Similar to constructive research, the output of my research framework falls within the design science 

research approach (Hevner et al., 2004; March, 1995), which is based on the essential types of artifacts, 

constructs, models, methods, and instantiations. Design science research consists of three research 

cycles: the relevance cycle, which inputs requirements from the contextual environment into the research 

and introduces the research artifacts into environmental field testing; the design cycle, which consists of 

the loop of research activity for the construction and evaluation of the design artifacts and processes; and 

the rigor cycle, which provides grounding theories and methods along with domain experience and other 

artifacts (Hevner, 2007). Figure 2 presents my research path (i.e., the mLUX framework) based on the 

design research methodology (Hevner et al., 2004).  

The mLUX development research has involved activities that appear in different parts of the design 

science framework (Hevner et al., 2004). The literature review (Chapter 2) provided the theoretical 

background (knowledge base) to the study, and the gaps in m-learning application design and 

development were identified. The research evolved by conducting a systematic literature review 

concerning m-learning application design and development frameworks, m-learning usability, m-

learning pedagogy, and m-learning user experiences (Dirin & Nieminen, 2014). The earlier research 

(Mostakhdemin-Hosseini, 2003), background studies (Chapter 2), and utilization of reference models 

(ISO, 2010), as well as the development and evaluation of the experimental artifacts (III, 2,3,4), provide 

new perspectives and insights on the problem that led to the construction of the mLUX framework.   

The environment and relevance in the design science framework are addressed by identifying the 

stakeholders and their contributions to mobile learning applications (i.e., obtaining a general 

understanding of the problem). On the basis of this foundation, the research continued toward defining 

an adequate framework (i.e., development of artifacts and theories) based on user-centered design 

principles for structuring an m-learning application environment (i.e., innovative construction of a 

solution). Finally, the proposed mLUX framework, an artifact in design science research, was validated 

through case studies and applications (i.e., evaluate and demonstrate that the solution works). 
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Figure 3. The adjusted design science approach for this research. 

The design science model supports two different modes (develop/build and justify/evaluate), which link 

the model to business needs (relevance) and applicable knowledge (rigor). Similarly, in this dissertation, 

the idea is based on the generic design science model and adjusted to fit this research. In this study, the 

business needs are mapped to the educational needs, which ensures that the research goal is of relevance. 

Hevner et al. (2004, p. 5) suggest that business needs must be “assessed within the context of the 

organizational strategy, culture, and existing business processes.” Therefore, this study addresses the 

mLUX framework in educational institutes.  

In this research, the mLUX framework denotes the artifact in design science research that needs to be 

assessed, evaluated, and justified. Table 8 presents the artifact evaluation approaches.  

 

 

 

 

Table 8. mLUX evaluation methods based on (Hevner et al., 2004) design science  



 

42 | P a g e  
 

 Description Appearance in this Thesis 

Observational Case study: Study artifact in depth in a 

business environment 

 

The mLUX framework has been used as a course methodology for many 

years (5 and 6.2.4). The students have utilized and produced applications 

that are applicable in real environments, including the establishment of 

start-up companies. Furthermore, based on students’ feedback in the 

questionnaires and interviews (6.2.4), they have continued to use the 

mLUX framework in their projects after graduation.   

Field study: Monitor use of artifact in 

multiple projects 

The artifact is applied and assessed as an application development 

approach in educational (V, 2) and non-educational (3, 4) contexts.  

 

Analytical Static analysis: Examine structure of 

artifact for static qualities (e.g., 

complexity) 

The artifact is a complex framework as different disciplines such as 

software development, usability, and user experience are included. A 

systematic qualitative analysis is presented in section 6.2.3 to 

demonstrate the relationship between the process phase and the user 

experience factors.   

 

Architecture analysis: Study fit of artifact 

into a technical IS architecture 

The architectural construction of the mLUX framework is based on 

UCD principles, which consist of iterative phases. The architectural 

comparison with Paulins et al.'s (2015) learning content development  

methodology indicates that the mLUX focuses on the human factors and 

stakeholders’ involvement in development process, while Paulins et al. 

(2015, p.1) focus on “instructional design, mobile content design, and 

the navigation control.” 
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Optimization: Demonstrate inherent 

optimal properties of artifact or provide 

optimality bounds on artifact behavior 

The mLUX framework combines user experience with the application 

development methodology. The mLUX framework is applicable in 

situations where user experience plays an important role in software 

development.   

So far, the main emphasis of m-learning applications has been pedagogy 

and usability; hence, user experience has not been thoroughly applied in 

the design process. The emphasis of the artifact is to include the 

emotional aspect of the m-learning application’s design and 

development in addition to pedagogy and usability.   

The main factors that distinguish the mLUX from frameworks such as 

Harpur and Villiers’ (2015a) MUUX_E (usability or user experience) 

framework is that the mLUX focuses on the design perspective.  

Furthermore, in comparison with Ruimin’s (2014) dissertation (having 

its focus on the technical aspects of user experience), the mLUX focuses 

more on human factors necessary to make the application’s usage 

sustainable. 

Dynamic analysis: Study artifact in use for 

dynamic qualities (e.g., performance) 

The performance has being analyzed in various field studies (Chapter 

6).  

Experimental Controlled experiment: Study artifact in 

controlled environment for qualities (e.g., 

usability) 

A usability evaluation is conducted for all resultant applications (V, 2, 

3, and 4).  

Simulation: Execute artifact with artificial 

data 

As we have real data and case studies, simulation has not been 

necessary. 

Testing Functional (black box) testing: Execute 

artifact interfaces to discover failures and 

identify defects 

Due to the nature of the mLUX framework, the testing is performed 

through observations, interviews, and systematic qualitative data 

analysis. 

Structural (white box) testing: Perform 

coverage testing of some metric (e.g., 

execution paths) in the artifact’s 

implementation 

The artifact’s performance is evaluated in the student questionnaires in 

section 6.2.3 and the study by Dirin and Alamäki (2015).     

Descriptive Informed argument: Use information from 

the knowledge base (e.g., relevant 

research) to build a convincing argument 

for the artifact’s utility 

In addition to the user-centered design principles and theory, descriptive 

cases are used to illustrate the utility of the mLUX framework (Chapter 

7 and VI).  
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 Scenarios: Construct detailed scenarios 

around the artifact to demonstrate its utility 

 

The descriptions/scenario of the resultant m-learning applications’ 

development demonstrates the utility of the mLUX in educational and 

non-educational contexts. Chapter 6.1 presents the environment in 

which the mLUX framework has been applied. Furthermore, section 

6.2.4 demonstrates the use of the mLUX as a course methodology.   

The design science research approach implies the creation of an innovative artifact or model, which in 

this dissertation involves the creation of the mLUX framework (Guideline 1, table 9) in a mobile learning 

domain (Guideline 2, table 9). Moreover, the proposed model was evaluated through case study 

applications (Guideline 3, table 9). Furthermore, the mLUX framework provides a systematic approach 

for overcoming existing gaps in the user experience design of an m-learning application (Guideline 4, 

table 9). Additionally, the mLUX model is constructed based on the ISO 9241-11 standard and HCI 

methodologies; hence, the model is formally represented, coherent, and internally consistent (Guideline 

5, table 9). The mLUX model encompasses a process that is able to produce a usable m-learning 

application (Guideline 6, table 9). The model and the resulting artifacts are communicated widely in 

relevant conference proceedings and journals (Guideline 7, table 9). Table 9 summarizes the mLUX 

framework’s relation to the design science research guidelines.  

Table 9. Design-science guidelines vs. mLUX framework 

Guideline Description mLUX implementation 

Guideline 1. Design 

as an artifact 

Design science research must 

produce a viable artifact in the form 

of a construct, a model, a method, or 

an instantiation. 

In this research, the mLUX model is designed and developed. More 

detail about the design can be found in Chapter 5 and paper VI.  

Guideline 2. 

Problem relevance 

The objective of design science 

research is to develop technology-

based solutions to important and 

relevant business problems. 

The mLUX assists in designing and developing a mobile learning 

application as a standalone or enhanced learning medium for formal and 

non-formal educational institutes (Chapter 6.1 and papers V, 2, 3, and 

4). 
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Guideline 3.  

Design evaluation 

The utility, quality, and efficacy of a 

design artifact must be rigorously 

demonstrated via well-executed 

evaluation methods. 

The mLUX framework was assessed and evaluated (III) by designing 

and assessing four case study applications (see Chapter 6.1 and papers 

V, 2, 3, and 4).   

Guideline 4. 

Research 

contributions 

Effective design science research 

must provide clear and verifiable 

contributions in the areas of design 

artifact, design foundations, and/or 

design methodologies. 

The mLUX framework provides systematic m-learning application 

development. One of the main contributions of the mLUX is to produce 

a usable m-learning application in which the user experience is 

considered during each phase of the development (Dirin & Nieminen, 

2014 and VII). The mLUX framework’s contribution is argued in Table 

10. 

Guideline 5. 

Research rigor 

Design science research relies upon 

the application of rigorous methods 

in both the construction and 

evaluation of the design artifact.  

The mLUX framework is constructed based on UCD principles. 

Therefore, the mLUX employs various HCI defined methods at various 

design and development phases such as elicitation, data analysis, 

concept development, and idea creation. Further information is found in 

Chapter 7 and paper VI.     

Guideline 6.   

Design as a search 

process 

The search for an effective artifact 

requires utilizing available means to 

reach desired ends while satisfying 

laws in the problem environment. 

The case study applications are designed and developed based on 

existing technologies such as Java for Micro Editions (JME), HTML5, 

and server-based programming. Furthermore, the artifact supports the 

development of an application based on development concepts such as 

adaptive (V) or game (Case 1) based applications 

Guideline 7. 

Communication of 

research 

Design science research must be 

presented effectively to both 

technology-oriented and 

management-oriented audiences. 

The mLUX framework process and the resultant application designs, 

concepts, and implementations have been presented at technical as well 

as m-learning-related conferences over the last ten years.  

 

4.2. Research Methodology and Implementation 
 

The validation of the mLUX framework was performed via a case study research methodology (Yin, 

2009). Yin (2009) specifies that case study research is most appropriate when researchers are interested 

in learning how or why something occurs. Furthermore, a case study is preferred when the research 

focuses on contemporary events within a real-life context. Moreover, it is an appropriate methodology 

when the researcher has little or no control over behavioral events. Indeed, case studies focus on 

answering process questions such as “How was it done?” in addition to the outcome (Robson, 2002). 
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However, Yin’s (2009) case study research methodology is more focused on social science research. 

Runeson and Höst (2009) demonstrate that case study research is also applicable in the field of software 

engineering by recommending guidelines specifically for software products. Moreover, Merriam (1998) 

offers a guide for qualitative research, including case study applications in education. Therefore, the case 

study research methodology that this study applied is not only applicable for social science research, but 

is also recommended as a software engineering and education research methodology.    

In this study, the main research data comes from four case study mobile learning applications. Hence, 

the constructed artifacts are the mobile learning applications, which are designed and developed 

according to the specifications of the mLUX framework. Moreover, the case study applications facilitate 

the mLUX framework’s performance validation. Additionally, the conceptual frameworks of the case 

study applications are presented in Chapter 6. Nonetheless, the key role-players who provided the 

research data in the case study applications are:  

 Potential users: students, teachers, and administrators (users’ views, goals, and motivation). 

 Case study applications’ performance from educational and user experience perspectives (views, 

goals, motivation, and framework characteristics).  

 Experts: system designers and developers (framework effectiveness).  

These research data sources selectively provide the required data, for example, students, teachers, and 

administrators provide data related the applications’ functionality, performance, and usability. 

Furthermore, these groups of users assess the application from the educational components and user 

experience points of view. Finally, the experts provide data regarding the mLUX framework as an m-

learning application development framework.  

These case studies were chosen because they embrace the mLUX framework based on the requirements 

of the m-learning application prototype. Furthermore, the case study applications are designed and 

developed somewhat similarly in the context of educational institutes, which are all targeted toward mass 

courses; therefore, the research data that these case study applications provide are so-called literal 

replications. Hence, similar data are expected from the users. The results of the case study research will 

not end in a statistical analysis; however, the research results do determine that generalization is possible 

to some extent. The methods used for collecting the research data are predominantly qualitative methods 

such as participation observations, systematic observations, and semi-structured interviews, from which 

the collected data are documented or recorded for further analysis.  
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As there is a great deal of data involved, the collected data are analyzed after each test session. The 

collected data are organized based on the target mLUX feature’s measurement. Moreover, the data are 

analyzed to develop a descriptive framework for each case study. Applying various qualitative methods, 

using multidisciplinary participants, avoiding unsubstantiated observation by recording the observation 

sessions, and avoiding self-reported data ensure the validity of both data collection and the analysis 

results. The case study applications were intended to answer the following research questions: 

1. Does the mLUX framework result in usable m-learning applications?  

2. Have the applications that were developed using the mLUX framework fulfilled the essentials 

of the educational components and proposed user experience factors? 

3. How does the mLUX framework support the stakeholders of the application, especially in 

terms of design and development? 

In this research, the author was personally involved in all case study applications’ design, development, 

and evaluation. Therefore, the data collection regarding the case study applications’ performance and the 

stakeholders’ feedback collection in all four case study applications were systematic and consistent. 

The criteria for the mLUX framework validations were published at HCI International 2015 (III) and 

they are described in Chapter 6.1. 
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5. The mLUX: A Framework for User-Centered M-Learning 
Application Development 

 

The aim of this dissertation is to develop a framework to improve m-learning applications’ usability and 

user experience by proposing a user-centered design framework specific to m-learning application 

development. This chapter constructs and explores the proposed UCD framework. As indicated by the 

ISO 9241 standard (parts 11, 1998, and 210, 2010), the important contributing factors for such a 

framework are the context of use of the m-learning application development, as well as the human-

centered development process. Additionally, Minuto (2005) suggests that stakeholder involvement is key 

to the success of the user-centered design process. These elements enable the creation of an m-learning 

application based on stakeholders’ requirements and the context of use.   

The proposed framework consists of three parts: role-players, context of use, and processes. Figure 4 

presents the mLUX process, context of use, and the role-players.  

   

Figure 4. Framework for m-learning application development. 

Paper (II) elaborates the roles and responsibilities involved in the m-learning application’s design and 

development phases. Furthermore, the details of the user-centered design framework specific to m-
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learning applications have been published in paper (VI). This chapter integrates the details presented in 

the individual papers into a unified framework.   

 

5.1. Foundation for the mLUX Framework 
 

This dissertation continues my previous work on m-learning application development (Mostakhdemin-

Hosseini, 2003). This part of the dissertation builds on the results and extends the findings of papers I-

VI and papers 1-4, which provide the foundations for the proposed mLUX framework.     

 

Students’ capabilities to utilize m-learning service in new smart phones (Paper I) 

 

Paper (I) elaborates students’ capabilities to use smartphones in their educational activities. Students 

often use different smartphone platforms. Each platform has its own features and capabilities. Therefore, 

students’ expectations of the potential application are based on their experiences with smartphone usage. 

This paper aims to identify and classify students’ expectation regarding potential m-learning applications. 

We have applied various user study methods such as questionnaire and interview to learn about users’ 

smartphone experiences. Additionally, we conducted a user study at a usability lab to assess how students 

execute tasks with different smartphone platforms.   

The respondents in this study have approximately five years’ experience of smartphone usage, and almost 

90% of the test users own and regularly use a smartphone. The data also indicates that the test users have 

experience with either iOS, Android, or Windows, although none had previous experience with two or 

more mobile operating systems.   

Due to the various places and locations where m-learning may take place, Thüs et al. (2012) emphasize 

the importance of context in m-learning. In this thesis, the main objective of paper (I) is to find an answer 

to research question two: “What is the context of use of m-learning applications?” In our study, we 

assessed students’ capabilities to adopt m-learning applications in their learning environments. Paper (I) 

complements the results reported by Gikas and Grant (2013). In their paper concerning “Student 

perspective on learning with cell phones, smartphone, and social media,” they partially address the 

limitations of mobile devices (i.e., students’ fear of technology not working properly, difficulty typing, 

and device distractions).    
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Our study demonstrates that the inconsistencies across smartphone platforms create difficulties for users 

wishing to adopt new m-learning applications. Each smartphone platform has its own development 

environment, including its own user interface requirements and guidelines. Therefore, the paper 

recommends common development technologies such as HTML5 and CSS3 be applied for m-learning 

application development, since this technology is supported across platforms.  

 

Managing m-learning application development: Roles and responsibilities (Paper II) 

 

The following role-players are identified as contributors to m-learning application development. These 

role-players were mainly identified during a previous study (Mostakhdemin-Hosseini, 2003) and in the 

case study applications (2, 3, and 4).   

1. The target users of the mobile learning application. From the user-centered design viewpoint, 

users are the most important stakeholder group in development work (Gould & Lewis, 1985; ISO 

9241-210 2010).  

2. The mobile device (Hanson, 2011) types and platforms, for example, smartphones and PDAs.  

3. The network (Peppard & Rylander, 2006) infrastructures and offerings refer to the operator’s 

role.  

4. The e-learning platform (Moore et al., 2011). 

5. The device manufacturer’s effort and involvement in m-learning development as a learning 

platform (Hussein, 2010).  

6. The educational institute’s role in regulating m-learning as a learning platform (Shukla et al., 

2010).  

The abovementioned roles can be additionally divided into human and other roles. In this study, human 

roles are referred to as stakeholders. This paper provides details of each stakeholder’s role and 

contribution during the various phases of m-learning application design and development. 

The contributions of this paper to research question one are as follows: 

The ISO 9241 standard mandates the identification of stakeholders who are involved in the design and 

development of an application. Therefore, this paper aimed to identify the stakeholders involved in m-

learning application design and development. Hence, this paper elaborated the role-players who have an 

impact on the design, development, utilization, and usage of the mobile learning applications in an 

educational institute. The roles that are identified in this work are divided into visible and invisible role-
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players who may have a direct or indirect impact on the design and development of m-learning 

applications. 

 

5.2. The mLUX Framework  
 

The mLUX framework for mobile learning application development is presented in paper VI. The paper 

reveals the processes, components, and applied methodologies in each phase of the process. In addition, 

the paper presents the user experience factors that impact the continuity of an m-learning application’s 

usage. The m-learning application must compete for students’ time and dedication to long-term usage. 

Hence, the m-learning application must be delightful, reliable, and adjustable to users’ need, in addition 

to users being satisfied with the essential educational requirements.   

Paper (I) reveals the importance of m-learning applications in higher education and students’ 

expectations of the potential application, while paper II defines the roles and responsibilities of 

stakeholders involved in the design and development processes. Furthermore, paper III presents the 

mLUX framework’s assessment steps. Moreover, paper IV presents a sample of a case study application 

by applying the mLUX framework. Figure 4 presents the mLUX framework’s phases for m-learning 

application development. 

User study phase 

At this stage, the aim is to understand the users’ needs and to investigate how users currently carry out 

their educational obligations. The characteristics of each stakeholder (II) and the primary users’ goals for 

m-learning applications are determined during this phase. Moreover, in this phase the stakeholders who 

are directly or indirectly involved in the application’s usage or development are identified and consulted. 

Since there are various groups involved in the application’s usage and development phases, Hackos and 

Redish (1998b) propose brainstorming a preliminary list of users and their tasks. The selection of user 

representatives is based on this list. The stakeholders for the project are selected and consulted based on 

the development context of the application. 

In this phase, the designers attempt to reveal:  

I. The context of use of the mobile learning application. 

II. The role-players involved in the m-learning application’s usage and design. 

III. Users’ needs and expectations in educational and social contexts. 
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Furthermore, in this phase the designers learn how users carry out their educational tasks, as well as the 

context in which these tasks are performed. The following are sample questions that help to reveal basic 

needs and expectations. 

1. How is the target course currently being implemented? For example, is it an online course, web-

based learning, or face-to-face lecture? 

2. How are users currently carrying out their educational tasks (i.e., reading material, assignment 

mode, and type of assignments)? 

3. How would users like to change the current course implementation?  

4. How do users prefer to handle their educational tasks? What is currently missing? 

5. What types of smart devices have users experienced? 

6. What is the user expertise level in terms of smartphones and computers? 

7. How do users commute between home and school?  

8. Where do users often need to have access to course content? 

9. How would users like to use mobile devices in their educational activities? 

10. What are the most used third-party applications? 

11. What are users’ favorite applications and why? 

Data analysis 

The data analysis starts with creating user profiles (Lacerda & Ziviani, 2013) based on the diary or 

questionnaire. Shneiderman (1998) states that creating user profiles helps to identify the diversity of users 

and their characteristics. During the elicitation phase, role-players are identified, while at the data 

analysis level, various methods are applied to interpret how users handle their educational tasks and, 

most importantly, in which environments they carry out these tasks.    

The collected data are analyzed by applying various data analysis methods such as interview transcript 

coding (Gorden, 1998) and user and environment analysis (Hackos & Redish, 1998). Interview transcript 

coding helps to identify the actions and activities that users undertake in the current solution to handling 

their educational activities. Moreover, this method assists in revealing the users’ expectations for the 

potential m-learning application. The user study analysis results in a list of requirements that need to be 

categorized and prioritized since not all the requirements are feasible for implementation. Affinity 

diagrams (Holtzblatt et al., 2005) are a common approach for prioritizing and categorizing the 

requirements.  

Idea creation 
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During this phase, the aim is to meet stakeholders’ expectations by designing the potential m-learning 

application concept. The focus during this phase is on the target application’s design and functionality. 

In the concept design phase, the categorized data from the previous phase are expressed as a scenario, 

which reflects the potential m-learning application’s functionalities and services. Kyng et al. (2006) 

recommend that the design must be easily understood by all stakeholders who are selected during the 

elicitation phase. Kusano et al. (2013, p.1) state that the “scenarios make it easy to understand and share 

user behavior even if we have little design knowledge.” There are many role-players involved in m-

learning application design and usage. Therefore, scenario is an appropriate method for representing the 

potential concept to the identified stakeholders. Scenario in the context of m-learning is a simple story 

that consists of the prioritized actions and activities defined during the data analysis phase. The scenario 

is written so that the proposed user experience factors are expressed in different stages.  

The scenario is then given to 5–7 potential users to review. Having the users review the proposed 

application concept helps to obtain more insider knowledge of the users’ potential needs. The scenarios 

are given to potential stakeholders to read and then the designer conducts short semi-structured 

interviews with the chosen stakeholders. The questions mainly focus on the application’s functionalities 

and the overall application experience. Some of the questions asked in the scenario review sessions are 

as follows. 

 What specially users liked or disliked? 

 What additional functions would users like to have in the application? 

 How does the user feel about the application concept? 

 Does the user think it is fun to use this application on a mobile device? 

The designer also learns about users’ preferred or desired application concepts, for example, games on 

their smart device. Preece et al. (2002) refer to this stage as a walkthrough in which designers obtain 

more information and expectations from users through the prototype. The designer then revises the 

scenario based on the feedback collected during the scenario review and semi-structured interviews.  

A high-fidelity prototype (Derboven et al., 2010) is then designed based on the revised scenario. The 

main purpose of the prototype design during this phase is to assess the target application’s look and feel. 

Various tools such as PhoneGap (Li et al., 2013) can help to design a semi-functional m-learning 

application prototype. 
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Product concept 

The prototype must go through the usability evaluations one final time. We apply heuristic usability 

guidelines (Petrie & Buykx, 2010) or comparative analysis (Nuopponen, 2010) as the recommended 

methods for an m-learning prototype’s usability assessment. The usability assessment helps to measure 

the application’s basic usability factors, effectiveness, efficiency, and satisfaction. In the evaluation 

session, the test tasks are applied and the users are asked to select and execute them one-by-one. 

Additionally, the users are asked to think aloud while performing the tasks, with all the test processes 

being recorded for further analysis. Finally, a short post-test interview is conducted with the test users. 

The test users are asked to share their experiences of using the prototype. After analyzing the prototype 

evaluation data, the final product concept is proposed for implementation.  

 

Figure 5. The mLUX framework development processes. 
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6. Case Studies to Validate and Evaluate the Framework 
 

This chapter provides details of the case studies that are used to validate the proposed mLUX framework 

(VI). The case study applications’ design, development, and evaluation have been previously described 

in conference publications (V, 1, 2, and 3). 

 

6.1. Methodology and Research Data 
 

Assessments of user centered design framework for m-learning application development  

Paper (III) presents the mLUX framework’s evaluation criteria. In accordance with the design science 

approach, the main criteria for the mLUX framework evaluation concern the quality of the outcome(s) 

from the process. These criteria help to assess the level of usability and user experience in the target 

applications that are developed by applying the mLUX framework. In this context, the main question is 

the following:  

 What is the usability and user experience of the resultant m-learning application?  

To answer this question, the following methods are applied: 

 Application usability assessments to detect the usability level of the application.  

 User experience assessments based on the educational components to measure how the 

application fulfills the essential needs of users.  

 The mLUX framework’s performance measurement based on how the designers and developers 

perceive and experience using the mLUX framework. A semi-structured interview was conducted 

with the designers and developers after the concept in the case projects had been designed and 

developed. 

The contributions of this paper to the research question 

The analyses of the mLUX framework assessments (usability, educational components, designers and 

developers feedback) demonstrate various aspects of the framework’s functionalities and performance. 

The first assessment indicates how the mLUX framework supports the development of an m-learning 

application from the usability and user experience perspectives. The second assessment criteria indicates 

how the mLUX framework fulfills the educational component (Brusilovsky & Miller, 2001)  criteria of 

the mobile learning application. The final assessment method reveals how the framework supports 

developers and designers in their development work. Descriptions of the utilized methods are presented 
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in paper (III). In addition, this paper assesses how the potential users of the case study applications 

consider each application to be delightful, reliable, satisfactory, and adjustable, which is moving toward 

user experience.   

Summary of the case studies 

The mLUX framework has been tested as a development methodology in five case studies and the 

respective applications. Furthermore, the mLUX framework has been applied as the students’ project 

development methodology in a project-based course at Haaga-Helia University of Applied Science since 

2013 (IV).  

The case study applications presented in the following sections all had potential customers (educational 

institute and/or companies). In all case studies after 2012, a functional prototype was developed as a 

proof of concept using the mLUX framework. The Java m-learning application was an exception, since 

we designed, developed, and assessed it during fall 2004 at HAMK UAS. The details of the Java case 

study application design and development are presented in my licentiate thesis (Mostakhdemin-Hosseini, 

2003). The Java case study acts as the initial, then emerging, process that provided the basis for the 

mLUX framework.  

Table 10 presents a summary of the case studies, the applied mLUX phases, and the applied evaluation 

methods. 

Table 10. Case studies, the included mLUX methods, and the applied mLUX performance evaluation 

methods 

 

 

Case study 

Prototype design 

 Included mLUX methods Context Potential users Applied evaluation methods 

(for evaluating mLUX 

performance) 

Background/basis: M-

learning app (Java) 

(Mostakhdemin-Hosseini, 

2003) 

User studies 

 Questionnaire 

 Semi-structured 

interview 

Data analysis 

 Tasks & 

environment 

analysis 

Idea creation 

 Scenario design 

 

Higher 

education 

HAMK UAS. 

 

Formal 

education 

 

 

 

 

 

 

Students, teachers, 

and 

administrations 

1. Usability and 

heuristic assessments 

2. Educational 

component 

measurements  

3. Post-study 

interviews with 

designers and 

developers 
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Product design 

 Usability 

evaluation 

 Heuristic 

evaluation 

 

 

 

 

 

 

1. Adaptive m-learning 

application for driving 

license candidates (V) 

User studies 

 Questionnaire 

 Semi-structured 

interview 

Data analysis 

 Tasks & 

environment 

analysis 

Idea creation 

 Scenario design 

 

Product design 

 Usability 

evaluation 

 Heuristic 

evaluation 

Driving 

schools 

 

Formal/non-

formal 

education 

 

 

Students and 

instructors 

 

 

1. Usability and 

heuristic assessments 

2. Educational 

component 

measurements  

3. Post-study 

interviews with 

designers and 

developers 

2. Business guide game 

application (Case 1) 

 

User studies 

 Scenario design 

 Interview 

Data analysis 

 Task & 

environments 

 Transcript 

coding 

Idea creation 

 Low-fidelity 

prototype 

 Usability 

assessments 

Product design 

 Heuristic 

evaluations 

Higher 

education 

 

Non-formal 

educational 

context 

 

Students, teachers, 

new visitors, and 

administrators 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Usability and 

heuristic assessments 

2. Educational 

component 

measurements  

3. Post-study 

interviews with 

designers and 

developers 
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3. mHealth application 

(CANA) (Case 2) 

 

User studies 

 Questionnaire 

 Semi-structured 

interview 

Data analysis 

 Tasks & 

environment 

analysis 

Idea creation 

 Scenario design 

 

Product design 

 High-fidelity 

design 

 Usability 

evaluation 

 Heuristic 

evaluation 

 

Hospitals 

Non-formal 

educational 

context  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nurses, doctors, and 

administrators 

1. Usability and 

heuristic assessments 

2. Educational 

component 

measurements  

3. Post-study 

interviews with 

designers and 

developers 

 

 

 

 

 

 

 

4. Tourism guidance 

application (Case 4) 

User studies 

 Questionnaire 

 Semi-structured 

interview 

Data analysis 

 Tasks & 

environment 

analysis 

Idea creation 

 High-fidelity 

design 

 

Product design 

 Usability 

evaluation 

 Heuristic 

evaluation 

 

Small tourism 

businesses 

 

 

Non-formal 

educational 

context 

 

 

 

 

 

 

 

 

 

Athletes, marketing, 

sales, and managers 

 

 

1. Usability and 

heuristic assessments 

2. Educational 

component 

measurements  

3. Post-study 

interviews with 

designers and 

developers 
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As seen in Table 10, a non-formal educational case study application (Case 4, Tourism application) was 

selected for the mLUX framework’s performance evaluation. The main motive behind selecting and 

including a non-educational case study in this dissertation is the fact that the learning may happen 

anywhere outside of educational institutes. Such cases therefore represent situations where m-learning 

takes place in various contexts. In addition, the non-educational application (Case 3, mHealth) helped to 

evaluate the mLUX framework’s performance in developing a non-educational application.  

 

Case 1. Adaptive Driving School Application 

 

Adaptive m-learning application for driving license candidates based on UCD for m-learning 

framework (Paper V) 

Paper (V) describes the mLUX framework’s performance as a design and development tool of an m-

learning application. The case study application helps the driving school candidates to study and access 

the compulsory driving school theory lessons on their smartphones. Furthermore, the administration tool 

helps the instructors to trace their students’ theory progress and driving experiences. 

The main goal of this case study application was to design a functional m-learning application as a proof 

of concept. This m-learning application assists driving school students and instructors in their daily 

teaching and learning activities. Throughout the application’s development phases, regular meetings 

were conducted with the stakeholders, for example, designers, developers, the application owner, and the 

project management. The meetings were often organized at the university or at the customer’s premises.   

The application concept was designed and developed based on the mLUX framework by a group of 

students on the UCD course at Haaga-Helia UAS. The author was directly involved in the application’s 

design and development phases. The functional prototype was implemented by a group of students on 

the advanced web technology course, and a Bachelor of Science thesis resulted from the case (Casarini, 

2015).  

The details of the mLUX framework assessment steps for this case study application are presented in 

Appendix 1. In the following, a summary of the mLUX framework assessment in the case study (V) is 

presented.  
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The mLUX performance assessment based on the adaptive m-learning case study application 

Application Usability: The usability test (Appendix 1.A) was conducted by a group of students with the 

potential users. The usability test results indicate that the application was easy to use, efficient, and 

effective. According to the test results regarding effectiveness, the test users were able to successfully 

complete 78% of the test scenarios. Furthermore, 11% were partially successful, while only 11% were 

not able to complete the test scenario (Casarini, 2015, p. 33). Overall, the test scenario execution time 

(efficiency) ranged from 1 minutes 20 seconds to 7 minutes 3 seconds. The timeframe differences were 

mainly due to user-specific capabilities and hardware constraints. The overall application implementation 

and the application’s functionalities indicate that the use of the mLUX framework resulted in an effective 

and efficient application. Test users showed their overall satisfaction and delight through statements such 

as “looking forward to having my own version on the phone.”  

Educational Components: The educational components assessment (Appendix 1.B) indicates that the 

application catered to users’ essential educational activities such as uploading lecture’s content, 

presenting content, and communication with instructors. The adaptiveness and customizable content 

gave users the feeling that the application was valuable with regard to the time spent on it and that they 

were the application’s owner: “wow, I don’t need to start from scratch, it can check how much I know 

and provide me with content” (Appendix 1.B). The semi-structured post-interview indicates that the test 

users trusted the application and considered it to be reliable despite external dependencies such as the 

network connectivity and battery level: “Great, I can use any device I want to have access to my own 

content” and “I managed to study even on the train and interestingly I immediately received feedback 

from the app.”   

Furthermore, the case study application’s usability demonstrated that the mLUX framework was 

efficient, especially in terms of anticipating and detecting design failures and usability errors. The 

majority of errors were anticipated during the idea creation phase. 

Presentation: The content of the presentation component was provided to users from the backend. 

Therefore, the users were not able to customize the content. However, the application’s user interface 

was customizable, including the theme of the application. The users were delighted with the application’s 

adaptability and the user interface’s customizability (i.e., theme): “I customized my application to have 

quick reference to definitions. I saw a traffic sign, I had a doubt about what it said. I asked my dad and 

he also did not know, then I remembered that I have the application on my mobile so I checked and got 

the answer.” The test users were, however, concerned about the reliability of the application, since it 
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depends on different factors such as the mobile device’s battery and network connectivity: “I hope my 

information and the learning path are saved. I hate to start everything from the beginning.” 

Activities: Overall, the test users were satisfied with the features of the application: “I don’t need to use 

a desktop computer or text books to upload/read and practice the theory sessions.” They were delighted 

that they had instant access to their instructor’s guidance through the application in case they made a 

major error. They felt that they were connected with the school whenever they had the application open: 

“Great, my instructor knows how far I’ve studied and what assignments I have done.” 

Communication: The test users appreciated the communication features of the application. The test 

users were able to adjust the communication type used with their instructors or other classmates. The 

instructors were delighted that their students’ driving activities were reported automatically. 

Additionally, the instructors were delighted that they could communicate with their students instantly. 

Similarly, the students were able to have instant access to their peers or their instructor if needed. 

Administration: The main functionality of this component was that the instructors and students were 

able to trace their individual learning progress. The instructors were able to customize the report type, 

for example, an Excel sheet, Word document, or in the browser as a color-coded report. The instructors 

were particularly delighted to be able to trace all the students’ activities and learning paths at once. 

Therefore, the test users were satisfied with the component’s functionality. The test users trusted the 

application as they did not encounter any connectivity problems or situations where they failed to perform 

a task because of reliability issues. 

 

The designers and developers  

Interview with the designers: The semi-structured interview conducted with the designers and 

developers (Appendix 1.C) showed their appreciation of the mLUX framework: “very surprised 

everything works fine, and we tested the application with students and instructors without any significant 

errors.” Despite some criticisms (“at the beginning, using the framework was difficult, we did not know 

what to do next…”) regarding the time required to use the mLUX methodology during each phase, the 

designers were happy with the approaches of the mLUX framework’s processes: “…after the transcript 

coding everything changed and it became self-evident.” 
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The relation between the user experience factors and the mLUX process  

The impact and influence of each phase of the mLUX process in relation to the user experience factors 

for this case study are presented in Table 11.   

 Table 11. The relation between the mLUX and the user experience factors in the adaptive driving school 

application (the letters a-p provide links to more detailed descriptions in the text). The letters in the 

parentheses are not detected in this case study. 

Phase\User experience Delightfulness Reliability Satisfaction Adjustability 

User Study a (e) (i) (m) 

Data Analysis b f j n 

Idea Creation c g k o 

Product Concept d h l p 

 

The user study phase helped to identify users’ preferences regarding the user experience factors, 

especially delightfulness (a). During this phase, the target users were asked about their experiences with 

the existing applications on their phone. Sample questions included: 

 What kinds of applications do you have?  

 Why is that your favorite application?  

The answers to questions such as these helped the designers to determine the users’ preferred design 

styles and preferences such as color and font. However, the other factors such as  reliability (e), 

satisfaction (i), and adjustability (m) in user study phase are not often identified. The importance of the 

reliability (f) and adjustability (n) factors in addition to the users’ needs and requirements which are the 

essential elements in user satisfaction (j) were revealed during the data analysis phase. Despite of the fact 

that users were consulted on their application’s user interface elements such as colors and graphics, 

however, delightful (b) factor is not still unclear. The discussion of these two factors indicates that the 

test users were concerned about the application’s trustworthiness and adaptivity. These issues were 

indicated through statements such as “is it possible to retrieve the information when I need?” and “What 

if I lose internet connection, do I lose everything?” 

During the idea creation phase, we made sure that the user experience factors were presented in a scenario 

(c, g, k, and o). In this phase, we also assessed how users experience the factors presented in the scenario.  

In paper (VII), this step is referred to as the subjective analysis. The test users were asked questions such 

as the following:  
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 How do you feel about the concept and the functionalities?   

 Do you think it is fun to have this type of application on your smartphone?   

The answers to these question helped the developers to learn about the users’ emotions and feelings 

regarding the application.   

The usability evaluation and semi-structured interview during the product concept phase helped to make 

the behavior analysis paper (VII) more in-depth. During the product concept phase, the users learned that 

the data are retrievable (h) and the user interface is adjustable (p) based on their initial preference. In 

addition, the users revealed that the application contains the essential functionalities that make them 

satisfied (VII). In the semi-structure interview, the users were asked questions such as: 

 How do you feel about the application you have just experienced?  

 How happy are you with the application’s look and feel?   

 Are you willing to use this application in the long-run?   

 

mLUX framework’s performance based on this case study 

This case study application evaluation demonstrates that the mLUX framework has resulted in a usable 

m-learning application (Assessment 1) by involving the various stakeholders in the design and 

development process (Research question 1). Furthermore, the designers and developers considered the 

mLUX framework to be an efficient development methodology (Assessment 2) that results in an error-

free application.  

 

Case 2. Educational Game 

 

From requirements list to an educational game (Paper 1) 

The business guide mobile game has been developed as a Bachelor of Science thesis (V. Vainio, 2013) 

at Haaga-Helia UAS. This application helps users to become familiar with the complex premises and 

offices in different buildings. For this case study, the list of potential application requirements was 

provided by the application’s owner. Moreover, the owner was strict about adding any additional 

requirements to the provided list. Therefore, the elicitation phase was ignored in this project. Hence, the 

designer proposed different application concepts as scenarios based on the provided requirements, 

including a mobile game, a mobile learning application, and a mobile application. A user study was then 

conducted to learn the target users’ design preferences. Accordingly, the proposed application concepts 
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were assessed by potential users. The analyses of the concept review sessions revealed that users 

preferred the business game as a potential application concept. A low-fidelity paper-based prototype 

created using Balsamiq Mockups helped to obtain more feedback from users. In each test session, the 

users were asked to carry out predefined sets of tasks. These steps provided valuable feedback regarding 

the application concepts, UI components, and designs, for example, the start of the game or the location 

of buttons on the screen. 

 

The mLUX performance assessments based on the educational game 

The usability test   

The usability test was conducted with a functional application prototype. Unlike the paper-based 

prototype usability assessments in which the users were asked to carry out predefined sets of tasks, in the 

latest usability test session, the test users were given a free hand to play the game as they chose within 

the given time (45 minutes). The test was conducted with five test users, of whom three had already taken 

part in the design process. The test users were asked to save the points they gained while playing the 

game. All test users managed to explore all the features of the game before the given time ended 

(efficiency). A semi-structured post-test interview was conducted with the test users to gain any additional 

feedback. The improvement recommendations related to various aspects, such as the visual design with 

the highest frequency (4), game task diversity (3), and improving the significance of the game characters 

(2). Additionally, three users considered the game’s difficulty level to be sufficient, while two users 

recommended that the game could be improved by being more challenging. The most important issues 

raised by all test users were the intuitive and easy to use UI and the game itself (usable). The test users 

did not indicate that they were frustrated or bored while playing the game. “The high-fidelity assessment 

data indicates that no critical errors appeared during the test” (Vainio, 2013, p. 40). The users offered no 

criticism regarding the game’s concept or content (satisfaction). The game felt enjoyable and the users 

were able to perform the essential tasks without any difficulties. 

 

The educational component assessments  

The educational component assessments were carried out as presented in Appendix 1.B. Furthermore, a 

summary of the assessment results for this case study was published in paper III.  

Presentation: The test users were able to customize and adjust the game’s character. Other adjustable 

features such as changing the background color or selecting the starting level were not considered to be 
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necessary in this game. The users were, however, able to create a profile and select a role image. The test 

users were delighted that the application was presented as a game: “it’s fun to play and also learn the 

premises by playing the game.” They considered the option to select the role image to make the game 

more fun: “nice to have an option to pick my own funny game character.”  

Activities: The test users were able to save, upload, and report their game achievements. The test users 

were particularly delighted with the application’s format, and they were happy that the learning did not 

occur in boring ways: “nice that it is a game, otherwise I would have used it whenever I needed it, now I 

know all the premises” and “Wow, this is fun to use…” In this case study, the test users played and 

explored all the game’s features: “…I managed to complete the game without any problems, time flies…” 

In addition, the test users trusted the application to be reliable in terms of saving, retrieving, and reporting 

their activities “…good that it saves everything automatically, and I have access to my records.” 

Communication: We did not implement the communication component; therefore, we did not have any 

features to test in relation to this component. We have, however, proposed to the client that they expand 

the game’s features so that players may interact with each other while playing. 

Administration: The implementation of this case study mainly focused on the front-end. However, there 

were features such as enabling test users to register and create a profile and allowing administrators to 

obtain the player list and access their progress as a report. The administrators were also able to customize 

the report types and formats. The administration component satisfied users because they were able to 

create, delete, and update their user profiles: “nice, I can see who played and what points they achieved.” 

 

The designers and developers  

The designer considered the mLUX framework to be useful in achieving the project’s goal (Vainio, 2013, 

p. 48). The designer had not previously applied the UCD methodology during application development. 

Therefore, at the beginning the designer was skeptical about the mLUX’s processes and phases. The 

designer considered the UCD methodology to feature irrelevant steps, specifically the scenario design 

step: “rather more people must be involved in the user study, data analysis, and most of all for the affinity 

diagram in the concept development phase.”  

However, this attitude changed after the scenario assessments were analyzed. The analysis revealed that 

the potential users preferred the mobile game to his initial application concept: “Scenario saved lots of 

development time, I had planned to design an application and then check with users, now I see users 
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need a game not an application,” “Scenario helped me decide what kind of game I needed to design,” 

and “Scenario helped me to see the kind of game users preferred and wanted me to implement.”  

Furthermore, the designer considered the framework to be an efficient method and so will utilize it in 

other projects: “Even though this is a time consuming method, it is really efficient, I’ll use it in the future 

too.” It is mentioned in the final thesis manuscript that “the framework was considered to be a robust 

method for mobile application development by designers” (Vainio, 2013, p. 38). The main motivation 

for utilizing the framework stems from the systematic approach and the user experience considerations. 

Further comments support this: “it is clear what to do next” (Case 1) and “it is a systematic approach 

that results in a usable m-learning application” (Case 1). Additionally, the mLUX was considered to be 

an efficient approach: “All in all, it is obvious that the application is ready to be published as there is no 

critical error. This indicates the robustness of the user-centered design” (Vainio, 2013, p. 38). 

  

The relation between the user experience factors and the mLUX process  

The impact and influence of each phase of the mLUX process in relation to the user experience factors 

for this case study are presented in Table 12. 

Table 12. The relation between the mLUX and the user experience factors in the business game 

application. The letters in the parentheses are not detected in this case study 

Phase\User experience Delightfulness Reliability Satisfaction Adjustability 

User Study (a) (e) (i) (m) 

Data Analysis b (f) j n 

Idea Creation c g k (o) 

Product Concept d h l p 

 

Unlike other case study applications, we have not conducted use study phases to identify the needs and 

requirements, as the requirements were provided by customer. Therefore, the Delightfulness (a), 

Reliability (e), Satisfaction (i), and Adjustability (m) factors are marked as gray. Hence the first phase of 

the application’s design and development began with idea creation. In the scenario review session, it 

became apparent that the test users disliked the proposed application concept and instead recommended 

a game as a potential application concept. The new game concept was reassessed with the potential users. 

In addition to analyzing the functionalities, we collected information on subjective and behavioral data 

(VII). The analysis of the collected data revealed that adjustability (n) was missing in our proposed 
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concept, which was illustrated by statements such as “I’d rather have a game character of myself.” 

Similarly, users were delight (b) to have a game instead of the traditional application. However, the 

reliability factor (f) was not able to confirm at this phase.  Unlike previous iteration users showed 

satisfaction (j) with the proposed game.  Hence, the product concept was composed based on the findings 

regarding user experience in the previous phases. We learned about the test users’ design preferences for 

the user interface, for example, colors and look and feel, during the various tests. In the evaluation 

session, the test users showed their delight (d) and satisfaction (l) when using the application. The 

reliability (h) factor was raised during the usability test, which we implemented on the product concept.     

Usability tests and semi-structured interviews during the product concept phase help make a behavior 

analysis more in-depth, as indicated in paper (VII). In the semi-structured interviews, the users were 

asked questions such as: 

 How do you feel about the application you have just experienced?  

 How happy are you with the application’s look and feel?   

 Are you willing to use this application in the long-run? 

The answers to these questions complement the evaluation of the users’ overall emotional attachment. 

 

mLUX framework’s performance based on this case study 

This case study application proved that the mLUX framework is an appropriate methodology for creating 

a usable, efficient, and effective educational game (Assessment criteria 1). The overall aim of the mLUX 

framework was to create a usable mobile learning application that emotionally attracts users by focusing 

on the application’s adjustability, delightfulness, reliability, and satisfaction. The analysis of the data 

gathered during the usability assessment and the interview sessions (Assessment criteria 1) indicates that 

the resultant application was usable, effective, and efficient. Furthermore, the test users were satisfied with 

the application’s concept and design, which motivated them to continue playing the game.  

The resultant application meets the users’ essential educational needs. Moreover, the educational 

component assessments reveal that the application complies with both the essential customer preferences 

and the learners’ educational needs. The role-players were satisfied with the application’s concept and 

performance, since the users had fun using it and experienced no special challenges during use 

(Assessment criteria 1). Furthermore, despite the initial skepticism about the UCD approach, the designer 

and the developers found the method to be robust, which resulted in an error-free (considering the 
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requirements) application (Assessment criteria 2). However, there was feedback regarding possible visual 

design refinements, which indicates that the mLUX framework may lack some detailed design guidelines. 

 

Case 3. Context-Aware Nurse Assistant 

User-centered design of a context-aware nurse assistant (CANA) at Finnish elderly houses (Paper 

2) 

Paper (Case 2) describes the context-aware mHealth application’s concept design and development. This 

case study application applied the mLUX framework’s phases systematically from elicitation through to 

high-fidelity prototype design. The application’s functional prototype was designed by students at Haaga-

Helia UAS and Ajou University in South Korea. The concept and the prototype were tested at Aurorakoti 

Elderly House in Espoo, Finland. The CANA application provides context sensitive services to nurses in 

a hospital environment. The elicitation phase was completed by conducting a user study with 12 nurses 

and a doctor. The users were chosen from among the doctors, specialist nurses, registered nurses, 

practical nurses, and registered nurse students.  

 

The usability test  

Through usability and user experience evaluation, we aimed to discover how easy the application is to 

use (easy to use) and whether the user is able to access all the required functions (effective). Furthermore, 

we sought to reveal whether the user considers a particular function and service to be in the right place 

(efficient).  

The analysis of the data shows that all test users considered the application to be unique in their working 

environment. Statements such as “I never ever thought that I could perform my work-related tasks with 

my mobile” were offered by participants. A surprising finding for the researchers was that even the expert 

participants (i.e., those who were familiar with smart devices) were surprised to see such an application 

in their field. This indicates that the user data analysis and concept development processes of the mLUX 

framework can be considered successful (paper 3).   

The application was tested with real users in several iterations. The application’s navigation proved easy 

for both novice and expert users (easy to use), since they were able to carry out all tasks within the 

necessary timeframe. There was, however, some feedback regarding the visual design such as the label 

“Shift list” in the General Services category that caused confusion almost all participants. Furthermore, 

because the labels were written in English, some nurses showed frustration due to their lack of English 
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language proficiency. Therefore, in the next iteration of the prototype development two different 

language options were provided. In the functional prototype testing, we did not receive any complaints 

about missing functions or services (effective) that were needed in the elderly houses. The prototype 

contained all the necessary functions that the nurses needed to perform their work. The test results 

indicate that despite the language barrier due to some test users’ native languages being other than 

English and Finnish, the users managed to perform all the tasks in the given time (efficiency).   

 

The educational component assessments  

Presentation: This application is not considered to be an educational application. The main reason for 

its inclusion in this thesis is to assess the mLUX’s performance from a non-educational perspective (see 

section 6.2.1). Hence, the educational component assessments are not fully applicable to this case study 

application. However, some features are relevant from the presentation perspective, for example, the 

adjustability being adapted based on several iterations of user evaluations conducted in the field. 

Therefore, we predominantly used descriptive icons instead of text for the user interface.  

Furthermore, the content presentation is generated according to the predicted services based on a machine 

learning algorithm (Ham, Dirin, & Laine, 2016). Therefore, the presentation component aimed to be as 

automated as possible so as to help the nurses through rapid reactions.  

The test evaluation revealed that the users were delighted with the application’s simple UI, which 

overcame the language gaps: “I like the icons, it is clear anybody can use the app.” The users found the 

application to be trustworthy despite their initial skepticism: “Great, I can see my last updates…”  

Activities: The test users were able to perform all the essential tasks listed in the application’s calendar. 

Those tasks were often defined by the nurse on the previous shift. The ability to automatically update 

and report the daily activities in the database was a delightful feature for the users (“I like it; I don’t need 

to manually enter the report”) because it saves nurses’ reporting time. At the beginning of the test, the 

users had shown in various ways their concerns about reliability and security, but over time the reliability 

of the application increased: “I am afraid that I would lose the patient’s report if I lost my phone.”   

Communication: Features such as a group alarm that notifies other nurses in case of emergency appealed 

to the users. The users were delighted to see that they had direct access to all those who worked in the 

same departments on the same shift: “Nice feature. I don’t need to go to the office and search for other 

colleagues’ details in the department” and “I can see who I can contact if I need help, great.” However, 
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other communication features such as the ability to send an SMS and make a phone call to outside the 

hospital were recommended by the users, although they have not yet been implemented.  

Administration: The administration component assessment was performed by the designers and 

developers, since the main focus of the case study was to create a mobile application and not an admin 

tool. However, an application administrator was created, which helps to create and remove patients and 

nurses from the application. The administrator and shift manager were able to view, search, and print out 

the nurses’ activities. Moreover, the users were enabled to customize the output reports based on their 

own preferences. 

 

The designers and developers 

The development team consisted of seven students from various higher educational institutes in Finland, 

Switzerland, and South Korea. The author’s role was to coordinate the project from the user study through 

to the high-fidelity prototype development. A discussion meeting was conducted with the developers to 

share their views on the applied mLUX framework. The discussion meeting was held with those who 

were involved in the application’s concept design and application programming during December 2014. 

According to the designers, the scenario very much helped the users of the application and the designers 

to conceptualize the final application. Indeed, the designers promoted the scenario as a strength of the 

proposed framework, for example, “This is an excellent method for designing and developing an 

application without benchmarking.” The discussion notes indicate that all stakeholders of the application 

were satisfied with the outcome, despite the fact that the designers would rather have concrete design 

guidelines: “I wish we had design guidelines to help us to achieve the best user experience for the design.” 

The user study expert considered the application’s concept development to be straightforward. The 

designers’ strongest motivating factor was the continuous feedback from users, especially in terms of the 

scenario design, which helped them to design the potential application’s look and feel: “Good model to 

design mobile applications, I’ll apply the mLUX framework on my next project.” 

 

The relation between the user experience factors and the mLUX process  

The impact and influence of each phase of the mLUX process in relation to the user experience factors 

for this case study are presented in Table 13. 
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Table 13.The relation between the mLUX and the user experience factors in the context-aware nurse 

assistant application. The letters in the parentheses are not detected in this case study 

Phase\User  experience Delightfulness Reliability  Satisfaction Adjustability 

User Study (a) e  (i) (m) 

Data Analysis (b) f  j (n) 

Idea Creation c g  k (o) 

Product Concept d h  l (p) 

 

The user study phase highlighted the importance of user experience factors such as reliability (e) in 

addition to users’ needs and requirements. During this phase, the target users were asked about their 

experience with the existing applications on their phone: “What kind of applications do you have?” and 

“Why is this application your favorite on the phone?” These types of questions helped us to learn the 

users’ overall design preferences and expectations, for example, their user interface preferences such as 

the color and font.    

The importance of the reliability (f) factor came to light during the data analysis phase. The highlights of 

this factor indicate that the users were concerned about the potential application’s trustworthiness and 

functionalities (j). This issue was indicated in statements such as: “if I lose my mobile everybody may see 

the patient data.”  

We assessed how the users feel about the user experience factors presented as a scenario during the idea 

creation phase. Paper (VII) referred to this step as a subjective analysis in which the test users were asked 

questions such as: 

 How do you feel about the concept and the functionalities?   

 Do you think it is fun to have this type of application on your smartphone?   

The answers helped us to learn about the users’ emotions and feelings regarding the application concept.  

The analyses of the scenario review sessions indicate that the users preferred to use icons instead of text 

in the main menu for the categories. This recommendation by the users resulted in a delightful (c) 

experience, especially for those who had a problem with the utilized languages.   

The usability test during the product concept phase helped to make the behavior analysis (paper 1) more 

in-depth. In the product concept phase, the users learned that all data are retrievable (h), the user interface 

design is based on their preference (e.g., icons instead of text), and the essential functionalities, which 



 

72 | P a g e  
 

made the users satisfied (l). In the post-test semi-structured interviews, the users were asked questions 

such as: 

 How do you feel about the application you have just experienced?  

 How happy are you with the application’s look and feel?   

 Are you willing to use this application in the long-run?   

 

mLUX framework’s performance based on this case study 

This case study analysis demonstrates that the mLUX framework resulted in a robust application that 

fulfilled the users’ essential needs. Therefore, the users were particularly satisfied with the application’s 

functionalities and performance (Assessment Criteria 1). The simplicity of the user interface design, 

descriptive icons instead of text, and color coding all made the application fun to use. Despite the users’ 

skeptical attitude toward using the application at the beginning of the study, they found the application 

to be reliable and trustworthy. The designers and developers found the mLUX methodology to be a robust 

and efficient approach (Assessment criteria 2). Future development of the CANA application will be 

supported by the mLUX framework, as indicated in Ham, Dirin, and Laine (2016). 

 

Case 4: Tourism Application 

Mobile guide for outdoor tourism business: A case study of user-centered design process (Paper 3) 

This Paper (Case 4) describes the design and development of a mobile application especially for outdoor 

athletics. Small tourism companies in Finland were the potential customers for the application. Using 

this application, the tourism companies are able to provide outdoor activity maps as a web service to 

potential users, especially kayakers. Additionally, the portal is designed and developed so as to allow the 

tourism companies to design content for their customers independently.  

The application concept design is based on a survey and semi-structured interviews with potential 

companies and application users. The survey mainly focused on revealing the possibilities of mobile 

services and the companies’ needs. The analyzed data from the elicitation phase indicated that the 

potential users were interested in location-based services, while the companies need options to maintain 

the services that they provide to users. A low-fidelity prototype was designed and assessed with potential 

users and companies. After the application design was modified based on the low-fidelity prototype 

evaluation feedback, a high-fidelity application prototype was designed.     
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The usability test 

The prototype was initially assessed at street level by the designers themselves. The main reason for 

conducting the test was to assess the navigation functionalities, testing location functions, digital 

compass, and GPS location-related software codes. The first field test was conducted with kayakers on 

the Baltic Sea. 

The application’s usability and functional testing with the kayakers ensured the redesign of the initial 

product concept. Through the testing, we first identified that all mobile devices had to be kept in a plastic 

waterproof bag while kayaking. Therefore, a UI redesign was required to solve the kayakers’ access 

problem. Additionally, the bright sunshine and glinting water posed additional visibility challenges for 

the application’s users in a real environment (effectiveness): “too bad, we couldn’t use the app because 

of the Internet connection and the sunshine.” Finally, a, high-fidelity prototype was implemented as a 

new high-fidelity alpha version of the application. The new high-fidelity prototype was re-assessed with 

potential users. Moreover, after each test we conducted a short semi-structured interview. The evaluation 

results indicate that the latest high-fidelity alpha prototype increased users’ satisfaction with the 

application’s usability and user experience.   

The overall feedback we received during the usability and function testing that the application contains 

all the essential features (efficient) involved phrases such as “very clear with colored arrows pointing in 

the right direction” and “it’s simple and easy to follow.” 

 

The educational component assessments  

Presentation: The application’s users were able to customize the user interface based on their outdoor 

activities. For example, the user interface for some outdoor activities was customized to comply with 

specific outdoor conditions. Test users such as the kayakers were delighted to use the application in an 

outdoor environment: “We managed to plan the route and get there successfully with the pre-defined 

map.” The reliability of the application depended on different factors such as the network conditions and 

the mobile phone’s battery level. 

Activities: The test users were able to upload the predefined route maps. The maps were adjusted based 

on their predefined outdoor activity: “We managed to plan the hiking route and get there successfully 

with the pre-defined map.” The users were delighted to have the maps in advance and to be able to 

customize them according to their outdoor activities. Furthermore, the test users were able to upload the 

maps and use them in an offline mode: “We managed to work with the application in the offline mode as 
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well, no need to worry with the network connectivity.” Therefore, the users considered the application to 

be reliable and trustworthy.  

Communication: The communication function was not implemented, since it was initially believed that 

phone and SMS could be used for communication purposes. However, the final product concept group 

recommended that the communication feature be implemented. 

Administration: The tourism companies were able to adjust the services offered to their customers. 

Additionally, they were able to add, remove, and extend services for a particular user. The digitization 

of the traditional paper-based maps was a source of revenue for the companies. The application for the 

administrators in the tourism companies demonstrates that the companies were able to design, upload, 

and adjust appropriate content for their target users. 

  

The designers and developers 

The overall results indicate that the mLUX framework significantly increased the number of touch points 

for the end users and, therefore, integrated business needs faster: “it helped us to find new business 

needs.” The methodology very much helped in identifying significant drawbacks through high-fidelity 

testing (“…prototyping was good, it saved a lot of error fixing costs in the production”) prior to 

developing the actual product concept. As a result, the developers and the companies paid special 

attention to this capability of the mLUX framework. The overall feedback on the mLUX was promising: 

“regardless of the stakeholders’ interest in the mobile application development, the methodology 

demonstrates that it covers all the stakeholders’ interests as the application fulfills the potential users’ 

needs as well as the companies’ interests.” The developers and designers found the methodology to be 

easy to use and straightforward: “simple and easy to follow.” However, they considered the mLUX 

framework to be a time-consuming approach despite it providing a very positive user experience for their 

potential users. As the designers were themselves developers, they proposed the first concept of the 

potential application as a low-fidelity prototype. Jumping directly to the prototype design stage resulted 

in additional prototype design iterations, although they ultimately realized that it was not the right 

approach: “I wish we had used scenario first, it could have saved us lots of development time.” The 

designers and developers identified afterward, for example, that a scenario that had been ignored would 

have anticipated many features, such as the special UI for kayakers. The outcome of the application 

satisfied all the stakeholders, despite the fact that the process required significant effort to arrive at the 

final concept: “as a tourism company owner, I am very happy with the outcomes.” 
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The relation between the user experience factors and the mLUX process.  

The impact and influence of each phase of the mLUX process in relation to the user experience factors 

for this case study are presented in Table 14. 

Table 14.The relation between the mLUX and the user experience factors in the tourism application. The 

letters in the parentheses are not detected in this case study 

Phase/User 

experience 

Delightfulness Reliability Satisfaction Adjustability 

User Study (a) e (i) m 

Data Analysis (b) f j n 

Idea Creation c g k o 

Product Concept d h l p 

 

The user study phase helped to identify user experience factors such as adjustability (m) and reliability 

(e) in addition to the users’ needs and requirements. Similarly, during this phase the target users were 

asked about their design preferences by exploring their experiences with the existing applications on their 

phone:  

 What kind of applications do you have?  

 Why is this your favorite application?  

These types of questions helped us to learn the users’ overall current experiences with the applications 

they use on their smartphones, for example, their user interface preferences such as the color and font. 

In the data analysis phase, the importance of the reliability (f) and customizability (n) of the case study 

application were revealed. The highlights of these two factors indicate that the users had been concerned 

about the potential application’s trustfulness and customizability. These issues were indicated through 

questions such as “May our tourists use the route maps in an offline mode?” and “Can each user get the 

functionality based on their own needs such as kayakers?”    

During the idea creation phase, we made sure that the user experience factors were presented in the 

scenario.  In addition, we assessed how the users feel about those factors represented in the scenario 

during the scenario review sessions. In paper (VII), this step is referred to as a subjective analysis in 

which the test users were asked questions such as:  

 How do you feel about the application you have just experienced?  

 How happy are you with the application’s look and feel?   
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 Are you willing to use this application in the long-run?   

The answers to these questions help us to learn about the users’ emotions and feelings regarding the 

application.      

The usability test and semi-structured interviews during the product concept phase helped to make the 

behavior analysis more in-depth, as presented in paper (VII). In the product concept phase, the users’ 

learned that the data are retrievable (h), the user interface is adjustable (p) based on their preferences, 

and the application in the test environment contains all the essential functionalities, which made the users 

satisfied.   

Despite the users’ delight (d) and satisfaction (p) during the usability test sessions, we learned in the field 

test that the application’s performance failed to delight the users or fulfill their essential needs. Therefore, 

modifications to the user interface were needed. 

 

mLUX framework’s performance based on this case study 

The overall application analysis indicates that the mLUX framework resulted in a robust, error-free, and 

usable application that met the essential needs of the stakeholders (Assessment criteria 1). The companies 

found the application to be trustworthy, and they were satisfied with the application’s functionality and 

performance. In addition, the designers and developers found the mLUX framework to be a robust 

methodology that resulted in an efficient application concept (Assessment criteria 2). 

 

6.2. Summary Analysis  
 

6.2.1. mLUX framework’s performance in m-learning application development  
 

The case studies’ usability assessments (III) indicate that the applications’ overall performance met the 

initial requirements. This includes the number of errors, satisfying user needs (effectiveness), and the 

time needed to perform the given tasks (efficiency). Accordingly, the mLUX framework and the 

associated processes resulted in no or only minor usability failures in the design and development of the 

m-learning applications’ functional prototypes. The main reason for the good performance during the 

usability evaluation phases is that the majority of errors were detected and fixed during the scenario 

review sessions. Furthermore, the usability tests (Chapter 6.1 and Cases 1, 2, 3, and 4) indicate that the 

students and teachers were able to successfully carry out all the predefined tasks in the given timeframe 

(efficiency), even though in some case studies the test users were novice users who had no prior 
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experience of using similar applications on their phones (efficiency). Furthermore, the users’ initial 

mental model of the m-learning application was schooling delivered through short message services 

(SMS) in first case study (Mostakhdemin-Hosseini, 2003). However, this attitude changed over time as 

the test users gained more experience of using external mobile applications on their devices. Nonetheless, 

the test users appreciated the Java m-learning case study application’s simplicity, which helped them to 

carry out the essential educational tasks. Statements such as “I knew I could use my mobile device, but I 

did not know how to use it for my school purposes” were made by users (Mostakhdemin-Hosseini, 2003, 

p. 137). Similarly, in the adaptive m-learning case study application (Case 1), the prototype usability 

evaluation report indicates that the test users carried out the predefined tasks in the given timeframe. 

Furthermore, the test users considered the adaptive case study application to be easy to use (ease of use) 

and useful (effective) for their educational performance (for more details, see Case 1).  

Correspondingly, we identified similar experiences in the educational game m-learning case study 

application (Case 2) as the test users were able to explore the essential game features during the test 

sessions (efficiency). Moreover, the test users found the educational game case study application to be 

intuitive, as well as having an easy to use user interface. Furthermore, the test users expressed their 

satisfaction during and after the test sessions, despite proposing further improvements to the game’s 

visual design. Hence, the usability evaluation results for the m-learning case study applications indicate 

that the mLUX framework’s utilization resulted in error-free mobile learning applications that met the 

users’ essential demands. The case study applications’ usability tests were conducted between 2004 and 

2014. The applications’ usability error rates and the overall user satisfaction were almost identical during 

the test period, despite the significant technological improvements in the network operators’ offerings 

and the smartphones’ application performance, graphics, and input and output. A reasonable justification 

for the similarity in the applications’ usability results during different time periods is that the scenario 

design and low-fidelity prototype methods anticipated the errors. Moreover, the users’ performance or 

expectations of the application correlated with their own smartphone experiences. For example, the 

technological immaturity of smartphones in 2004 caused the Java m-learning application 

(Mostakhdemin-Hosseini, 2003) to contain only those features that comply with smartphones’ 

capabilities at the time. Thus, the users’ expectations were constructed based on their own experiences 

with such devices. Therefore, the usability test would have received different feedback from users if it 

had been conducted in 2014, since smartphone users in 2014 had higher expectations of an application’s 

functionality, performance, and user experience design.    
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Hence, the usability evaluation (Assessment criteria 1) outcomes reveal that the test users considered the 

case study applications’ to be effective and efficient, and they showed their overall satisfaction with the 

applications’ performance.  

Additionally, the mLUX framework assessments from the developers’ perspective (Assessment criteria 

1, III) indicate that the designers and developers found the process to be efficient, especially the mLUX 

framework’s development processes (VI). The designers and developers found the scenario-based design 

approach to be an efficient approach for evaluating the concept (V, Case 2, and Case 3) and learning the 

users’ mental model of the potential application, resulting in statements such as “scenario helped a lot, 

we identified many misunderstandings about users’ needs soon after we designed the application 

concept.” Moreover, the designers and developers also considered scenario design to be a unique 

opportunity to learn more about the proposed concepts, as well as the users’ additional demands and 

features (V). In this regard, statements such as “despite the scenario-review feedback, the students and 

teachers recommended many new features that we had not noticed earlier” and “the scenario saved lots 

of our development time, since I had to plan to design the application first and then check with users, 

now I see that users needed an educational game and not an mobile application” were offered (Case 2). 

However, some designers and developers, especially those who had not previously used the software 

development methodology, criticized the mLUX framework process as being a confusing approach (IV 

and Case 2): “At the beginning, I thought using the mLUX framework was difficult. I actually did not 

know what to do next after the user study phase. However, after the transcript coding everything become 

easy and straightforward.” There were also complaints about the transcript coding being a time-

consuming activity: “I do not know why I should write down the interview discussions, since it takes lots 

of time.” Nonetheless, the designers and developers showed their satisfaction with the overall application 

development process (Chapter 6.1 and Cases 1, 2, 3, and 4) through comments such as “very surprised 

everything works fine, we tested the application with students and instructors without any significant 

errors” and “I found the process rather easy and helpful, like affinity diagrams in the concept 

development phase” (IV).    

 

6.2.2.   mLUX framework’s performance in non-educational mobile application development 
 

The overall mLUX framework evaluation results based on the non-educational mobile applications are 

revealed in the following paragraphs.   
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I. Application performance based on the usability factors vs. educational components (Assessment 

criteria 1, III)  

These case study applications were not created for educational purposes. Therefore, the educational 

component assessments defined in Chapter 6.1 are not applicable. These applications are selected as 

potential case study applications because m-learning applications are intended to be applied in all 

environments and contexts, including the outdoors. The usability and more particularly the user 

experience results of these case study applications are also applicable for m-learning applications, for 

example, in an outdoors context. The following paragraphs present the detailed usability and user 

experience findings of each project.   

 

 Adjustability  

In CANA and Tourism applications, the users were not able to adjust the application based on their 

personal preferences. For example, in the CANA (Case 3) case study application, the application’s 

content, including the user interface, was constructed based on the context wherein the user interacts with 

the application. Therefore, the application’s backend constructs the user interfaces for different nurses 

based on their current context. However, the application’s home screen design was based on the users’ 

preferences. The users’ preferences regarding the application’s user interface and the overall mental 

models of the potential applications were studied. These were specifically identified during the scenario 

review sessions and the low-fidelity and high-fidelity usability evaluations. For example, the icon 

selection for the application’s main screen was based on several test users’ consultations. Therefore, the 

presentation component in this case study application was adjusted beforehand according to the lead 

users’ recommendations. However, in the tourism case study application (Case 4), the tourism companies 

were authorized to customize the application’s presentation component. The companies deployed the 

appropriate content and presentation mode with respect to their customer segments, such as kayakers 

(Case 4). Nonetheless, in both case study applications, the test users showed their interest in and support 

for the proposed application concepts as offering unique and innovative solutions. In the CANA case 

study application (Case 3), nurses were the target users and they were often skeptical about applying new 

tools and technology in the health care field. For example, at the beginning of the study, we heard 

statements such as “I don’t know how to use smartphones,” “Do they charge me if I open the application 

on my own mobile?” and “What happens if I make a mistake?” Feedback such as this caused the designers 
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to come up with a simple and non-textual user interface. This helped the target users to interact with the 

application as efficiently and smoothly as possible. 

 

 Delightfulness 

The test users in the CANA (Case 3) application were delighted to see that the application updates the 

reports automatically. This feature helped the users to review the reports fasters, and it also saved daily 

reporting time. Therefore, the users considered the application to be a tool that satisfied their essential 

needs and also added additional value by saving significant reporting time. Hence, we managed to 

provide a delightful experience for users, which encouraged them to use the application in the future: 

“Thank you, this excellent app saved me lots of time before my shift ends.” Moreover, the users showed 

their satisfaction with having access to the details of co-workers who were working the same shift. For 

example, comments such as “nice feature, I don’t need to go to the office and search for other nurses’ 

details” and “I can see who I should contact if I need help” were offered in this regard.  

Similarly, the content of the tourism application was shown to target users based on their outdoor 

activities. Therefore, the users’ satisfaction and delight were based on their outdoor activities and the 

content they were offered by the tourism companies. For example, the field test revealed that the users 

were not happy with the content provided for kayakers. The test users were barely able to see the 

application when on the sea due to the high level of sunshine and reflections: “very difficult to see the 

user interface, water splashes made it even harder to interact with the application.” The kayakers’ user 

interface had to be renewed and extra cover provided to overcome the difficulties in order to generate a 

better application experience.    

  

 Reliability 

The users of both applications were successfully able to carry out all the predefined tasks. However, in 

the CANA case study application (Case 3), the test users were skeptical about the actions they undertook 

during the test session, or else they showed concern about data integrity and the future accessibility of 

the data: “I am afraid that if I lost my phone, I would lose patient reports.” This concern was 

understandable because security and data integrity are two important factors in any hospital environment. 

We applied different technological solutions to improve the reliability and security of the application, for 

instance, making the case study application only able to execute tasks in a specific context or location. 

However, the test users’ attitudes improved significantly as they were able to access previously entered 
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data. With regard to the tourism application (Case 4), however, reliability was not a major concern and 

the test users initially considered the application to be reliable. However, external interference such as 

problems connecting to the Internet resulted in the users becoming skeptical about the application’s 

reliability: “too bad we couldn’t use the app, we had a problem with the Internet connection, and the 

sunshine also faded the phone screen.”  

 

 Satisfaction 

In the CANA case study application (Case 3), the test users expressed their satisfaction that the 

application performed well and met their essential expectations. This was easy to achieve, since nurses 

were involved in all the application’s design and development processes. Yet, the test users had concerns 

about their own ability to use the application on their smart devices, or else the test users were concerned 

about the case study application’s reliability. Therefore, the satisfaction level in the CANA case study 

fluctuated at the beginning of the study period before becoming stable at the end. The satisfaction level 

increased as the users learned to use and trust the application over time. However, in the tourism case 

study application (Case 4), the test users were particularly satisfied with the application’s performance 

after the beta test was conducted, since the Internet connectivity problem was resolved by enabling the 

offline navigation functionality and the kayakers’ fading user interface problem was fixed.  

    

II. Usability assessment of the applications 

In both cases, the applications were tested with potential users. The test users successfully performed all 

the predefined tasks after the beta versions of the applications. The overall application usability 

assessments indicate that the mLUX framework resulted in error-free applications, with users in both 

cases showing their satisfaction with the performance and the functionalities of the applications (Cases 

3 and 4). In the CANA case study, several usability assessment iterations were conducted based on the 

sensitivity of the application and the context of use in order to ensure the application’s acceptance by 

users. Similarly, in the tourism application, the field test results demonstrated that sunshine caused 

significant problems for the kayakers. Therefore, we had to redesign the application’s user interface. This 

problem, however, was not detected during the usability evaluation sessions.    

    

III. mLUX framework usage assessments from the designers and developers’ perspective 
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The developers in the CANA case found the mLUX framework to be a helpful and straightforward 

approach. However, they also felt that the mLUX framework lacked design-specific guidelines. In both 

case studies, the developers valued the coordination and cooperation among stakeholders when designing 

and developing applications: “This is good method to design and develop an application without 

benchmarking.” With the tourism application, the developers’ approach to the development of the 

application was slightly different. The developers conducted interviews with each other instead of with 

target users, which led to some design challenges having to be retuned. Therefore, many features were 

not initially considered during the application concept design phase. The concept was based on the 

developers’ own personal needs, and it was not tailored to the target users’ demands. The associated 

challenges became costly and also required lots of development time to fix (Case 4). By applying the 

mLUX framework, we redesigned the application’s concept and a low-fidelity prototype was built and 

assessed with users. Both applications’ developers found the mLUX framework to be efficient, since 

stakeholders are involved in all phases of the design process. They also considered the constant user 

feedback to be an asset, and they felt that the methods applied in the analysis helped to identify user 

needs, which was a motivating factor for utilizing the mLUX framework: “Good model to design mobile 

applications, I’ll apply the UCD framework in my next project.”  

 

6.2.3. The relation between the user experience factors and the mLUX process  
 

The impact and influence of each phase of the mLUX process in relation to the user experience factors 

have been presented in section 6.1. This section presents a systematic analysis of the overall findings 

based on the analysis of each case study. The summary elaborates the impact of each and every user 

experience factor on each mLUX phase. Similarly, the influence of each phase of the mLUX process on 

each user experience factor is also revealed. Table 15 presents the matrix that helped to conduct the 

analysis.  

Table 15.The relation between the mLUX process and the user experience factors in the case study 

applications (1-4, indicated in parentheses) (the letters a-p provide links to more detailed descriptions 

in the text; the intersections b and i were not addressed i 

Phase\User experience Delightfulness Reliability Satisfaction Adjustability 

User Study a (Case 1) e (Cases 3,4) i m (Case 4) 



 

83 | P a g e  
 

Data Analysis b f (Cases 1,3,4) j (Cases 1,3,4) n (Cases 2,4) 

Idea Creation c (Cases 1-4) g (Cases 1-4) k (Cases 1-4) o (Cases 1-4) 

Product Concept d (Cases 1-4) h (Cases 1-4) l (Cases 1-4)  p (Cases 1-4) 

 

The impacts of the mLUX framework phases on/from the user experience factors are not straightforward. 

The impacts and influences are dependent on the nature of the potential application usage. Hence, a single 

guideline that could be applicable in all cases is difficult to identify and recommend.  

In the user study phase, users are consulted regarding their design preferences, including the preferred 

user interface style, as indicated in case study 1 (6.1). This is especially valid when the application 

originates from the user study and the designer does not know the users’ design preferences and the users 

do not have previous experience with m-learning applications. The delightfulness factor would impact 

the continuity of the application’s usage. Having a common understanding of users’ design expectations 

from the delightfulness perspective would assist designers during the idea creation phase. The experience 

gained via the case study assessments indicates that in a situation where the users are more concerned 

about user experience factors such as reliability (Chapter 6.1 and Case 3), they often question the 

designers or seek confirmation from designers. For example, in the CANA and tourism applications (6.1), 

the reliability (e) of the applications played an important role based on the context of use of the 

application. Similarly, in the tourism application, the tourism companies were interested in having a 

customized application for each segment of their business. Hence, during the user study phase, 

the question of adjustability (m) was raised by the test users. In the other case studies, 

the adjustability was a design solution, which was either realized during the data analysis phase, or else 

the designer proposed a design solution during the idea creation phase.   

The satisfaction (i) factor in Table 15 during the user study phase is only dimly marked, since the main 

focus during this phase is on learning users’ emotional needs and expectations. However, the satisfaction 

(j) factor is highlighted in the data analysis phase during which, according to the mLUX process, we 

conduct analyses of the collected data to reveal the needs. The reliability (f) factor also appears in the 

data analysis phase, wherein users are concerned with data integrity. This is also valid for other factors 

such as adjustability. Users raised their preferences and expectations for application customization (n) in 

either the user study or scenario review session. For example, this issue was specifically raised in the 

case of the business game when the users recommended their preferred application design concept. 
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Similarly, in the tourism application, each user requested to have a customizable version of the 

application’s content such as a map. In the adaptive learning application, adjustability was a design 

decision that the designers made and not one that was demanded by users.   

In the idea creation phase, the user experience factors (c, g, k, and o) identified during the previous phases 

are embedded in a concept presentation (i.e., scenario). The idea creation phase plays a central role in 

assessing the emotional influences of the potential application on users. Especial questions to ask during 

the scenario session include the following. 

 Would you like to have this type of application on your smart device?  

 Do you think it is fun to work with this application?  

The answers to these questions help designers to gain in-depth information about users’ preferred design 

styles and expectations in order to construct a low- or high-fidelity prototype. The product concept phase, 

in addition to the application usability assessment, is an excellent opportunity to collect subjective and 

behavioral data (paper 1) from users about various user experience factors (d, h, l, and p).  

 
6.2.3. Students’ feedback regarding the mLUX framework  

 

The proposed mLUX framework has been applied as a development methodology on the Introduction to 

User-Centered Design Principles course at Haaga-Helia University of Applied Science since 2013. The 

course has been provided as a five-credit compulsory study unit in the Business Information Technology 

(BIT) department. On this course, the students worked as a team of three to five members. At the 

beginning of the course, the teachers proposed a project topic to the team such as designing and 

developing an m-learning application for driving school candidates. The team then had to apply the 

mLUX framework process in order to come up with a concept design. The performance of the mLUX 

method has been studied within two implementations of the course (in 2015 and 2016). 

 

Evaluation 1: Questionnaire (2015) 

The details of the first evaluation, including the course’s implementation and the course’s performance 

results, together with the methodology assessment and students’ feedback, are published in CSEDU 2016 

(IV). The students’ feedback was collected through online questionnaires. The questions focused on the 

methodology’s performance and efficiency. The prominent feedback providers during this phase of the 
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study were those students who had successfully passed the course previously. A total of nineteen (n=19) 

students submitted feedback by the deadline. In the following, the most important questions and the 

feedback provided are revealed. 

  

Figure 6. Students’ responses regarding the UCD framework’s performance as an innovative mobile 

application development method. 

 

  

Figure 7. Students’ responses regarding scenario design. 
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Some 57.9% of students considered scenario design to be the best approach, despite the fact that they 

had other alternatives with which to present the application concept to potential users. None of the 

students disagreed that scenario is an appropriate design methodology. Similar results were also obtained 

in terms of collecting early users’ feedback on the proposed application concept as a scenario. 

 

  

Figure 8. Students’ responses regarding collecting feedback during scenario review sessions. 

 

Accordingly, 79% of students believed that scenario anticipated the potential application’s errors. 

However, 5.3% of students disagreed that scenario is a useful method for anticipating errors. 

Additionally, a net promotor score (NPS) (Kristensen & Eskildsen, 2011) question was asked regarding 

the methodology.  

 

Figure 9. NPS question about the mLUX framework and the students’ responses. 
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Based on the interpretation of the NPS results, 79% of students can be considered to be mLUX promoters. 

This means that they are ready and willing to promote the methodology to their colleagues and 

classmates. Some 22.5% of students, however, are considered to be passive users. Hence, they may or 

may not apply the mLUX methodology in their future developments. Further, none of the students (0%) 

could be represented as detractors. This means that the majority of students would recommend the mLUX 

framework to other designers and developers. 

The comments that the students provided on their feedback questionnaire forms are well aligned with the 

evaluation results concerning the other applications’ designers and developers (Case 2), for example, “at 

the beginning, using the framework was difficult, since I did not know what to do next, but after the 

transcript coding everything changed and become comprehensive.” Similarly, feedback provided 

through the questionnaire indicates: “I found that the learning curve for the whole process was linear. 

The first phases were implemented very badly due to our lack of experience and so the professional 

feedback that we gained during the course helped us to understand the mistakes. Maybe good project 

management in teams would help the process.” Further, “Overall the methodology that we used for 

designing the product is quite good. The process is very systematic and well-designed from the very 

beginning of the user study to product design. In each step, there is cross checking for errors and 

correcting, getting users’ advice and ideas, and developing further. And, finally, reaching the stage 

where we design the product. The whole method and approach is very scientific.” 

 

Evaluation 2: Interview (2016) 

Semi-structured interviews were conducted with four groups of students (n=17) who took the user 

experience design course in which the mLUX method was applied during spring 2016. The interview 

questions mainly focused to obtaining the students’ feedback on the mLUX framework, which was the 

course development methodology. The interview sessions were recorded and transcripts were written for 

further analysis using QDA Miner Lite (LaPan, 2013). The semi-structured interviews mainly focused 

on students’ experiences on the user experience design course. The answers to the questions and topics 

are summarized below.  

Topic 1: What is your overall impression of the processes that you utilized in your project? 
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The answer to this question helps in understanding the mLUX framework’s performance as a 

development methodology. Furthermore, it indicates how easy it was for the students to utilize the 

process efficiently and effectively in order to produce a usable application.  

Thirteen students (n=13) considered the mLUX framework processes to be efficient and easy to use, 

while four (n=4) students considered the mLUX process to not be an efficient methodology or else found 

that it required additional effort to use it. All group members were in favor of the mLUX framework 

process, except one person who raised concerns about the mLUX process. A possible explanation for 

this is that the person with concerns had been absent from key lectures and, therefore, found it difficult 

to catch up with the rest of the team. This is illustrated, for example, in the following answer: “I think if 

a person joined a team later when the course has already started, I don’t think he can get the concept 

and understand the idea of the phases.” One group promoted the mLUX by saying “…we minded in the 

beginning that our app was going to be like this and when we did interviews and analyzed them we came 

to different results, so we changed the results.”  

Topic 2: Are you satisfied with the resulting application? 

The answer to this question helps to explain whether the students were satisfied with the mLUX 

framework’s outcomes. The students’ satisfaction was measured according to how happy they are with 

the resultant applications.   

Twelve (n=12) students were satisfied with their applications’ concept: “…I am very satisfied,” “going 

step by step without ever having done it before, we came up with something that at least tries to answer 

the customers’ need” and “yeah pretty much, we know that there are small bugs here and there, we have 

pretty good results.” Only one user (n=1) was not satisfied with the outcome, indicating that there is no 

need at all for such an application: “I work in a gym … and it’s been a few years … and in my experience 

even people that just do fitness, they are really not that type of people who are looking for an application 

for doing sports, they usually try to approach a person instead of an application.” 

Topic 3: Do you think scenario is a good conceptual design tool? 

The answer to this question helps to identify students’ attitudes and experiences regarding scenario as a 

concept design tool. The case studies demonstrate that most conceptual errors were identified during the 

scenario design and review. In asking this question, the aim is to learn whether the students gained the 

same experience from their course-related project. 
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Nine (n=9) students shared their feedback during the interviews. Eight (n=8) considered scenario to be 

an appropriate method for concept development, while only one (n=1) thought scenario to be an 

irrelevant step in their project: “Most of the features that we got didn’t came from scenario but came 

from transcript and the codes...” Nonetheless, one student justified the usage of scenario by stating: “I 

think so, I thought it was good and at least for me that was the moment when I realized what’s happening 

and what’s going on.”  

Topic 4: Have you received proper feedback from the scenario evaluations? 

The answer to this question serves to explain how scenario helps in understanding users’ mental model 

of the potential application.    

Eight students (n=8) had received feedback during the scenario review sessions, for example, “we got 

some feedback, some of it not as useful...” In addition, two students (n=2) believed their test users got 

excited after reading the scenario “… some of them were like ‘wow, it is like excellent’ and they were 

interested…” Four students (n=4) received suggestions: “… we also got very good suggestions from 

testing people…” and “designing the prototype was very good, it’s no longer like an abstract, it is a 

natural tradable thing…,” while two students (n=2) considered the feedback they received to not be 

constructive, including “...good story, I agree with it all…” 

As a summary of the results of the interviews, we may conclude the following regarding the performance 

of the mLUX framework. First, the students found the mLUX framework to be an efficient and effective 

development methodology for their project. This result is in agreement with the findings of papers (IV 

and 5). Second, the students recognized that the mLUX framework resulted in an application that is 

usable, and they showed satisfaction with the overall resultant application concept. These results are in 

agreement with the case study usability evaluation findings in papers (2, 3, and 4) and cases (2–4). Third, 

the students found that scenario-based design helped them to discover the users’ expectations and mental 

models of the potential application. In addition, scenario helped them to identify conceptual design 

feedback from users, which is in agreement with the findings of paper (Case 1) and (case 2).     

Evaluation 3: Comparison (2015) 

The results of the third evaluation of the mLUX framework by students have been published in ( paper 

4) (Dirin & Alamäki, 2015). This evaluation reveals the outcomes of two distinct mobile application 

concept design and development courses at Haaga-Helia University of Applied Sciences. These courses 
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applied different pedagogical approaches that targeted the design and development of innovative mobile 

applications for their target users. The main goal of these courses was to teach students how to conduct 

user studies, collect users’ requirements, and design an application concept accordingly. 

The customer journey course participants were first semester ICT students (n=21) and tourism students 

(n=9) who represented the domain experts. On the UCD framework course, the course participants 

(n=40) were mainly second semester ICT students and other degree program candidates from the Open 

University. The measurement criteria for determining the success of these courses were:  

1. Student survey: At the end of the course we collected feedback from students regarding their 

experience of the course and what they would like to change if anything. 

2. Number of students who dropped of the courses: We kept track of students’ participation in the face-

to-face lectures as they were informed that their participation is compulsory.  

3. Proposed application concept report: We assessed how the students came up with the proposed 

concept and how accurately they followed the methodology.  

4. Low-fidelity or high-fidelity prototype usability assessment report: The students had to conduct and 

report the usability evaluation test for their proposed prototype by applying Nielsen’s heuristic 

evaluation guidelines.  

5. Post-test interview with select groups of students. 

 

The statistics for the Introduction to the UCD Framework course show that we had just three students 

drop out of the course and three students who failed to pass the course. Those who dropped out of the 

course had mainly considered the course to be very demanding and time consuming, so they chose to 

postpone their attendance until the next semester. The three students who failed to pass the course 

predominantly complained about the course’s structure and other course-related set ups. Moreover, they 

failed to participate in the compulsory lectures and they were not able to complete the compulsory 

assignments, which meant they were not able to pass the course. The other six groups came up with 

unique mobile application concepts that were presented as a low-fidelity prototype design. 

Examples of student feedback regarding the UCD framework and the course include the following:  

 “Simple and easy to follow phases.” 

 “Conducting the user study and writing the interview transcript consumed lots of time.”  
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 “Transcripts coding/identifying actions were not so easy to comprehend at the beginning but 

later on become clear.”  

 “Scenario design was easy to conceptualize the overall application concept.” 

 “Fun to conduct the usability assessments with potential users.”  

 “Great experience with conducting the interview, it was a unique experience.”  

 “Interesting course, pity that we were not able to cover everything, for example, design and 

human factor…” 

The students’ main problem was their lack of motivation to conduct the interviews, the type of questions 

they had to ask, and what to do with the answers. The methodology become clearer as soon as they 

categorized the needs and started to write a scenario. During this phase, the students’ motivation changed, 

with statements such as “interview actually leads us to an application” being repeatedly heard. 

The major concern raised by students on the UCD framework course was that the methodology is only 

grounded on user studies and hence there are no steps or guidelines to add additional requirements or 

features besides user studies, for example, designers. Some of the applications that were proposed by the 

students had add-on features that the users did not point out during the user study, for example, several 

semi-structured interviews, questionnaires, or post-test interviews. The add-on services were proposed 

because the students themselves were the potential users of the application. They showed their own 

concerns because designers cannot fully understand users’ needs and expectations. This confusion was a 

concern of almost everybody: “I am sure this feature helps a lot, but it is not mentioned by users.”   

Another highly important issue that was raised by students on the UCD framework course was that the 

methodology does not provide guidelines that assist designers in designing a low-fidelity or high-fidelity 

prototype. Despite the fact that the students were taught about designing various prototypes in a 

compulsory lecture session, they still preferred to have guidelines for designing the low-fidelity 

prototype. The time needed to conduct the interview and produce the report was another cause of 

dissatisfaction that was repeatedly raised. 

The overall results of both courses indicate that the student groups have come up with many interesting 

and innovative mobile application concepts. The main difference lies in the final concept of the proposed 

application, which constitutes the main contribution of this thesis. The final application concepts indicate 

that those applications that applied the mLUX framework during development resulted in no or very few 
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critical usability failures during testing of the high-fidelity usability evaluation using Nielsen’s heuristic 

evaluation guidelines.  

The main conclusion is that the mLUX framework, despite having strict phases and requiring less 

freedom of methodological selection, resulted in usable and error-free outcomes. The proposed 

application concepts also fulfilled the potential users’ needs more accurately (i.e., the users were able to 

carry out their essential tasks) due to having less usability errors. 

Relevance of UCD education software development - recommendation for curriculum design 

(Paper IV) 

 

Paper (IV) elaborated the students’ feedback and experience on mLUX framework as a software 

development methodology.  The mLUX framework process has been applied as a development 

methodology on the Introduction to User-Centered Design Principles course at Haaga-Helia UAS since 

2013. The students’ feedback were collected through online questionnaires for a period of two weeks.  

The questions focused on the methodology’s performance and efficiency. The prominent feedback 

providers were those students who had successfully passed the course previously. Furthermore, the 

resulted innovative applications’ concept was explored. These applications’ concept have been designed 

and developed by students during 2013-2015. 

The contributions of this paper to research questions one and two: 

The findings of this paper are valuable from an mLUX assessment perspective. We identified what the 

designers and developers thought of the mLUX framework’s performance. We also considered how the 

framework resulted in a usable application, as well as how the optimal designer and developer team is 

suitable for the mLUX framework.  
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7. Discussion and Conclusion 
 

This chapter offers an analysis of the initial hypothesis, which was described in Chapter One. 

Furthermore, this chapter elaborates the answers to the research sub-questions and, accordingly, argues 

the mLUX framework’s strength as a potential mobile learning application concept development 

methodology. Additionally, this chapter describes the reliability and validity of the research data and the 

applied methodology. Moreover, the chapter discusses future research trends and recommends potential 

research fields concerning m-learning application development environments. 

The path to the mLUX framework was initially constructed in a previous study (Mostakhdemin-Hosseini, 

2003). In that study, the context of use, the stakeholders, and the content were identified as the essential 

factors that impact an m-learning application’s design, development, and usability. Nevertheless, while 

the previous research identified these components as important factors for a usable mobile learning 

application, it did not provide any details or further information about their respective impact on m-

learning application design, development, and usage. The details regarding the context of use of mobile 

learning application development are published in (I and V), while the role-players’ roles and 

responsibilities are published in (II). This study is based on previous findings, and the extended research 

has resulted in the author’s mLUX framework for m-learning application development. As a result, this 

thesis illustrates the use of the model through four case studies (explained in Chapter 6), and it provides 

an assessment of the performance of the mLUX framework in various contexts (III). 

 

7.1. Answers to the Research Questions 
 

According to Schneckenberg (2010), the adoption of e-learning by teachers has decreased due to a lack 

of motivation. However, our studies (I and V) indicated that students and staff are willing to apply m-

learning applications in their teaching and learning processes.  

Yu and Kong (2016) justify the importance of moving from usability toward user experience in web 

browsing on a small screen. They demonstrate the importance of design in facilitating the ease of use 

and ease of interactivity in order to achieve the ease of learning and reading. However, they do not 

specifically point out what this will result in emotionally for users, nor what interface designers have to 

take into account when designing the application.  
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The initial aim for this research was defined as follows: 

The objective of this thesis is to study and propose a user-centered design framework for 

addressing user experience in m-learning application development. 

The answer to the hypothesis is rendered based on the answers to the following sub-questions: 

1. What are the roles of the different actors and stakeholders in m-learning? 

2. What is the context of use of m-learning applications? 

3. How should the user experience factors be addressed in m-learning application development? 

 

7.1.1. Answer to sub-question 1 
 

Sub-question 1 of the thesis is as follows: 

What are the roles of the different actors and stakeholders in m-learning? 

 

The identified m-learning applications’ role-players and their contributions are presented extensively in 

(II), while their contributions to the case study applications are discussed in Chapter Six. 

The ISO 9241 standard (parts 11, 1998, and 210, 2010) states that the stakeholders are an important 

characteristic of any system. Accordingly, this research determined the importance of the stakeholders 

in m-learning application development in a previous study (Mostakhdemin-Hosseini, 2003), as well as 

through the case study application evaluations. This study supports Ellisa and Sheridanb's (2014) finding 

regarding sustainable development that role-players’ recognition, involvement, and collaboration are 

essential. Furthermore, involving the stakeholders in the design process helps designers to learn about 

the role-players’ needs and demands. Similarly, as Voinov and Bousquet (2010) suggest, the designers 

are then able to make better decisions and the implementation may be associated with less conflict; 

therefore, the users will accept the product more easily. 

The users’ roles in mobile learning application design and development were also identified by other 

researchers such as Barker et al. (2005). Barker et al. (2005) identify role-players similarly to how the 

author previously (Mostakhdemin-Hosseini, 2003) identified learners, their parents, teachers, system 

designers, device vendors, and support staff to all be stakeholders. However, the author’s representation 

of the stakeholders is categorized based on the role-players’ characteristics (Kujala & Kauppinen, 2004), 

and their contributions are elaborated in terms of design, development, and usage. Additionally, Lindgren 

(2012) classifies the stakeholders as internal and external in order to gain access to knowledge and 
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information for public e-service development. This study, however, classifies the stakeholders in an m-

learning environment as visible and invisible role-players. The visible role-players such as the learners 

and teachers are the internal stakeholders, while the designers and developers of an m-learning 

application are the external role-players. The external role-players impact the design of the application 

that the learners use. The invisible role-players, on the other hand, impact the application’s performance 

and functionalities such as network operators or mobile manufacturers.  

The importance of recognizing users in an m-learning environment is also highlighted by Rebaque-Rivas 

et al. (2010). They apply user-centered design principles to design an m-learning application in which 

they first create students’ profiles and then define the personas to determine the potential application’s 

requirements. The importance of the stakeholders and their contributions were also noted in the field of 

e-learning application development, for example, by Wagner et al. (2008). Similarly to this research (II), 

Wagner et al. (2008) and Romero et al. (2015) elaborate and emphasize the e-learning stakeholders’ 

needs, concerns, and responsibilities as being vital for a successful e-learning platform.    

This study recognized that students and staff such as teachers, teaching assistants, and administrators are 

the main contributors to m-learning applications’ design, development, and usage. These role-players 

can be considered to be the m-learning applications’ visible lead users (II and V). Hippel (1989b) defines 

lead users as those whose current strong needs will become general in the marketplace some months or 

years in the future. Furthermore, the lead users are those who, according to Jeppesen and Laursen (2009),  

possess and contribute the most relevant knowledge. In addition to the lead users’ impact, the e-learning 

(II) course delivery also has a significant effect on m-learning applications’ existence and growth. M-

learning applications were initially considered to be a missing aspect of an e-learning platform (Ganchev 

et al., 2008; Mostakhdemin-Hosseini & Tuimala, 2005). However, due to rapid technological 

advancements in mobile phones, this viewpoint soon changed. Therefore, as Conde et al. (2008) state, 

the technological changes resulted in changes in users’ needs. Users also demonstrated increased 

demands with regards to m-learning applications. Sarrab (2012) considers m-learning applications to be 

a next generation learning system, which provides easy access and widely available knowledge to those 

who need it. Consequently, these demands added new requirements to the learning process. Hammami 

et al. (2010) also consider m-learning applications to be an evolution in terms of learning processes. Due 

to this evolution, the use of mobile phones as an enhanced tool in course delivery becomes a reality.  

Lead users and e-learning platforms typically operate and interact within a larger entity known as an 

educational institute. The educational institute (II) is yet another role-player in m-learning application 
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design and development. This research identified a critical role for educational institutes in m-learning 

applications’ acceptance and recognition, just as Wagner et al. (2008) identify such a role in relation to 

e-learning. Nonetheless, the technological developments and the popularity of smartphones render the 

educational institute’s role in introducing m-learning applications to their educational offering portfolio 

more vital. Technological development has always driven educational institutes toward innovation. For 

instance, the popularity of the Internet has resulted in educational institutes’ use of new teaching models 

and technologies such as online courses (Nichols, 2003), personal learning environments (Attwell, 2007), 

distance education pedagogy (Anderson & Dron, 2011), and mobile phones in education (Keengwe et 

al., 2012). As Korucu and Alkan (2011) reveal, the high demand for m-learning applications is based on 

students’ and teachers’ desire to access content at any time and in any place. This is also visible in our 

case study applications, since we heard statements such as “Great, I have access to the course content at 

any time I want” from users (6.1). Furthermore, the popularity of mobile devices (I) such as mobile 

phones among students has driven educational institutes to adopt m-learning applications more 

efficiently in recent years. For example, Thornton and Houser (2004) demonstrate that by 2004 100% of 

Japanese students owned a mobile phone. Therefore, for the new generations, mobile phones are an 

indispensable part of their daily life, including when at school (I and IV; Lenhart et al., 2010). Thus, the 

smartphone is a strong role-player in m-learning applications’ design, development, and usage. 

According to O’Bannon and Thomas (2014), teachers’ attitudes toward using mobile phones are 

correlated with the teachers’ age, as well as being dependent on the type of mobile phones they have 

used or are using. However, Şad and Göktaş (2013) reveal that teachers generally prefer to use a laptop 

rather than a mobile phone. In addition, Suki and Suki (2007) explore how mobile learning application 

usage also varies according to users’ expertise levels. For example, heavy mobile phone users spend 

more money and time on mobile learning applications than light mobile phone users do. Nevertheless, 

the popularity of mobile phones is the result of the fast and affordable data exchange rates provided by 

network operators for their subscribers. The mobile network operators’ role has always been significant 

in m-learning applications, despite the change in their strong monopoly in recent years (Holzer & Ondrus, 

2010). Network operators’ services have evolved from high data exchange costs alongside slow wireless 

application protocols (WAP) to a hundred Mbit/s mobile data exchange speed (Was et al., 2010) and an 

affordable price (Bleicher, 2014). Therefore, the network operators’ evolution has facilitated lead users 

and educational institutes committing to the utilization and adaptation of m-learning applications, since 
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the cost of data exchange was the main drawback for lead users, as indicated in the case study application 

feedback analysis.  

This study additionally recognized mobile phone manufacturers’ (II) impact on m-learning application 

development and acceptance. There have been some initiatives by manufacturers to customize mobile 

phones for specific m-learning purposes, for instance, using mobile phones as a payment medium 

(Ondrus & Pigneur, 2007) or Nokia’s initiatives for teaching specific subjects in certain countries 

(Roberts & Vanska, 2011). However, this study has not come across any specific Application Program 

Interfaces (APIs) intended to help and specifically dedicated to m-learning application development.  

Abelein et al. (2013) recognize that users’ involvement in the software development processes depends 

on the applied development methodology, for example, participatory design in agile (Hansson et al., 

2006), lean software development (Ebert et al., 2012), user-centered design (Wallach & Scholz, 2012), 

and meta-design (Fischer et al., 2009). Similarly, the case study applications’ development revealed that 

the role-players’ impact and contributions are not linear. For example, some role-players frequently 

contribute to the design and development process, such as students and teachers, while others contribute 

more infrequently, such as operators. This study recognized m-learning application role-players’ 

contributions as being direct and indirect. The direct role-player contributions to m-learning applications 

depend on the context of use of the application and the pedagogical approaches. Hence, defining a general 

checklist or set of user study guidelines is often not feasible. Moreover, the case study applications’ 

assessments (Chapter 6.1 and III) reveal that an m-learning application’s success depends on the 

collective implementation of the stakeholders’ requirements. Furthermore, the lead users’ requirements 

are not necessarily similar in all cases and they may even conflict in some situations, for example, in the 

adaptive m-learning application (V) the instructors provide the course content once and then the adaptive 

m-learning application is accessible by students based on their personal competences or specific context. 

The situation is, however, different in the Java m-learning application (Mostakhdemin-Hosseini, 2003), 

since the course content was often updated on a daily basis, for example, the students were able to receive 

the latest content on a daily basis before or after the lecture. However, in the business guide game 

application (Chapter 6 and Case 2), the educational institutes provided the content once and then the 

students or visitors as the lead users had access to the complete content at any time and in any place. 

Therefore, the content or game chapters were predefined and uploaded by the educational institute’s 

representative in advance. 
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Contribution of research sub-question 1 

The relevance of sub-question 1 to this field of research has been identified and argued in Table 7, as 

well as being presented in papers II and IV. The contribution of this work through research sub-question 

1 is the extension of the identified role-players for m-learning application design. Building on the 

previously identified stakeholders such as students, teachers, and educational institutes, this research 

introduces additional invisible role-players and their impact on the design process. Additionally, this 

research deepens the descriptions of the role-players’ activities in the design work. Thus, it provides 

novel possibilities for describing and analyzing the relations between the identified role-players. 

 

7.1.2. Answer to sub-question 2  
 

Sub-question 2 of the thesis is as follows: 

What is the context of use of the m-learning applications? 

 

Details regarding the mobile learning applications’ context of use are presented in I and IV.   

In this study, the m-learning application is an entity that people may interact with in various contexts. 

Similar to the definition offered by Dey and Abowd (2000), one can conclude that the context in which 

a user interacts with a desktop application is different from that of its mobile application counterpart, 

since the desktop application is stationary, while the mobile application is in use on the move. Therefore, 

the context of use of desktop applications is different from the context of use of mobile applications. 

However, students’ perceptions of using applications on the desktop or on mobile devices are somehow 

dependent on factors such as their expertise level, culture, and beliefs concerning desktop and mobile 

media (E. Sung & Mayer, 2012). Alternatively, the students’ perceptions of using the application are 

based on the content and purpose of the target application, for example, Azadmanesh et al.'s (2014) 

programming project.  

The dissimilarities in the contexts of use of applications are also a result of diversity in the applications’ 

design, development, and external dependency, for example, Güler et al.'s (2014) finding regarding 

Internet connection, which impacts the mobile application’s usage. Hence, that diversity has induced 

distinctions in the context of use of similar applications on desktops and mobile devices. Attempts have 

been made to overcome this type of distinction through front-end development workarounds. Researchers 

such as Lim and Dey (2011) define intelligibility in the mobile context as concerning availability, place, 
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motion, and sound activity. Ryan et al. (2005) aim to ease mobile applications’ usage experience, for 

example, desktop and mobile users gain similar usage experiences in terms of look and feel. Furthermore, 

the dissimilarities are not restricted to desktop applications, since divergence also exists in relation to e-

learning applications (Korucu & Alkan, 2011). The users of e-learning applications often interact with 

those applications asynchronously, meaning that the users receive the course resources or read the emails 

at different times to when the materials were initially published or presented (Jovanović et al., 2007). 

Instead, users interact with m-learning applications synchronously, meaning that as soon as the provider 

updates the resources, the users of the application are notified (i.e., in case of content updates or a new 

e-mail’s arrival), as the case study applications in V, Case 2,Case  3, and Case 4 indicated. Therefore, 

the users of m-learning applications are always connected to the educational resources.   

Bettini et al. (2010) classify the context-awareness of a mobile application into the computational 

context, physical context, and user context, with these contexts resulting in content changes in the 

applications. Nevertheless, m-learning applications predominantly overcome traditional learning 

constraints such as the need for physical locations. Therefore, the users of m-learning applications are 

able to enhance the applications in various locations, which means that the applications help both students 

and teachers to overcome the traditional physical constraints. This has already been demonstrated in the 

case study applications, specifically in the adaptive m-learning application (Chapter 6.1 and Case 1) and 

the Java m-learning application (Mostakhdemin-Hosseini, 2003), in which the users were able to carry 

out the essential tasks at any time and in any location. Similarly, the adaptive case study and the business 

application game case study (Chapter 6.1 and Case 2) indicated the unconventional situation where the 

learning has taken place, for example, the two case studies revealed that users were explicitly delighted 

to have access to the course material and the ability to return assignments at their convenience: “I don’t 

need to use a desktop computer to upload/download assignments” and “great, there’s no need for a 

desktop computer, I can register for the course on my mobile.”   

The case study applications additionally revealed that m-learning applications fulfill the social context 

and social needs, for example, the users were delighted to utilize their mobile devices for educational 

purposes: “great, I can use my mobile for school tasks as well” and “I have all my classmates’ info in my 

mobile.” Richardson and Swan (2003) demonstrate that social presence not only affects outcomes, but 

also impacts students’ and, possibly, instructors’ satisfaction with online course delivery. Kožuh et al. 

(2015) advocate the social presence and social interaction in the personal learning environment. 

Similarly, in addition to supporting students’ educational activities, m-learning applications also 
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influence users’ social presence and social interaction. For example, in the adaptive m-learning case 

study application, the instructors and teachers were able to engage in instant communication and be aware 

of students’ ongoing driving activities. Further, in terms of the driving sessions, the instructors were able 

to identify where and how the driving has happened or is happening. Moreover, learning is a social 

process, and m-learning is the answer to the social context because mobility and mobile devices are also 

a social phenomenon. Furthermore, m-learning in contemporary society is a response to educational 

institutes’ needs (Sarrab, 2012). In educational environments, people such as students and teachers carry 

different gadgets with them all the time. Therefore, m-learning is a response to the social transformations 

of the educational context. Hence, new developments are needed to anticipate and respond to increased 

educational demands (García & Esteban, 2011; Nedungadi & Raman, 2012) and social changes.  

 

Contribution of research sub-question 2 

The relevance of sub-question 2 is identified and argued in Table 7. The research reported in papers I 

and V addresses the more detailed parameters of context in relation to m-learning applications as 

highlighted by (Thüs et al., 2012). The elaborated parameters include students’ capabilities to utilize m-

learning applications on fragmented mobile operating systems and platforms. In addition, examining 

learner-specific adaptivity in m-learning application design highlights novel parameters, viewpoints, and 

practices for m-learning application developers.    

 

7.1.3. Answer to sub-question 3   
 

Sub-question 3 of this thesis is as follows: 

How should the user experience factors be addressed in m-learning application development?  

 

The elaborated answers to this sub-question are found in papers VI and 1, as well as in the framework 

measurement criteria published at HCII 2015 (III).  

The author’s initial interest in relation to this research was to reveal whether m-learning applications 

were demanded by students and professors in the Information Processing Science (IPS) department in 

2001. The analysis of the gathered data conveyed that the target users were enthusiastic about using 

mobile learning applications in their educational process. Therefore, scenario-based design was applied 

to design the first mobile learning application’s concept. After the case study application’s evaluation, it 
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became evident that the lead users’ and the stakeholders’ involvement in the design process was vital. 

Furthermore, the analysis revealed that the involvement of users ensured the rich functionalities and 

usability of the proposed application. However, according to the students’ and professors’ feedback 

regarding the proposed m-learning applications, users appreciate and highly recommend that m-learning 

applications be associated with fun based on the device characteristics at the time. The further the 

research progressed, the more it became evident that m-learning application users have to be emotionally 

attached to the application, which was also realized by Hassenzahl and Tractinsky (2006). Hence, the use 

of user-centered design principles to design m-learning applications is essential but not sufficient. A 

similar discussion is also offered by Keinonen (2008) concerning whether the users’ needs and UCD are 

sufficient for mobile application development. Similarly, (Croll, 2010) identifies that in a health 

information system (HIS), high usability is not sufficient for the system to be acceptable. The clinical 

user needs to ensure that the HIS is implemented fully and correctly. Rusu et al. (2015) recognize that 

there is a tendency to move from usability to user experience, although there is a lack of formal 

definitions of HCI/usability/user experience among the CS communities.  

The literature review (Chapter 2.2) revealed that the user experience factors specific to m-learning 

applications had not previously been extensively argued by other researchers, although there are many 

references to the term “user experience”.  Nonetheless, the importance of user experience in educational 

media such as e-learning platforms was previously identified (Garaj, 2010; Sutcliffe & Alrayes, 2012).     

This study identified user experience factors specific to m-learning applications. These include 

delightfulness, reliability, satisfaction, and adjustability. These factors were identified through the first 

case study application’s design and its evaluation (Mostakhdemin-Hosseini, 2003, p. 115). In the 

licentiate thesis’ prototype evaluation, the author revealed the evaluation process, the functionalities, and 

the case study’s application performance analysis. However, as the publication indicates, extensive data 

concerning students’ and teachers’ mental models and the experience they gained during the test sessions 

were also collected. Furthermore, these factors were reconfirmed and assessed for each case study 

application in conjunction with the educational components (Chapter 6.1 and Dirin & Nieminen, 2014).  

Additionally, our findings (I) demonstrate that the functionality of a mobile learning application alone is 

not sufficient and that inconsistency in mobile learning applications demotivates students to continue 

using particular applications. Hence, the learning application on a small device that must keep its user 

engaged for longer periods (I), as Kuusinen and Mikkonen (2013) emphasized, with the help of proper 

UX design.  
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Dillon and Morris (1996) identify how users’ acceptance of new technology depends on the psychology 

of individual users, the design process of the information technology, and the quality of the technology 

in users’ terms. Dillon and Morris (1996) further define user acceptance as a demonstrable willingness 

within a user group to employ information technology for the tasks it is designed to support. Therefore, 

users’ acceptance of a new technological solution depends on different factors that are also identified in 

this study, such as the design process (IV), user psychology (Case 1, I, II, and III), and the technological 

solution for users (V, Case 2, Case 3, and Case 4). Hence, the mLUX framework (VI) is constructed to 

facilitate mobile learning application users’ acceptance of the technology. Based on the psychological 

and user experience factors, this study identified the following important user acceptance elements for 

mobile learning applications. As Hassenzahl et al. (2009) state, these user experience factors help to link 

the actions, feelings, and thinking involved in m-learning applications. 

 

User experience factor: Delightfulness 

A delightful experience (Case 1, III, and VI) in the context of mobile learning means that the user is 

emotionally attached to the application due to accepting the learning application as a potential learning 

tool. In the business game case study application (Case 3, Chapter 6.1, and Case 2), the potential users 

recommended renewing the visual design, graphics, and sound to make the application more fun to use. 

Neal and Normore (2005) define fun in the context of m-learning applications as being spontaneous, 

challenging, interactive, and playful.   

Furthermore, delightfulness in the m-learning context means that the application’s functionalities and 

performance appeal to users. Moreover, delightfulness in mobile learning applications also depends on 

the ease of comprehensibly of the content. In the adaptive m-learning application (V, Chapter 6.1, and 

Case 1), the users were delighted to have access to easily comprehensible content on demand. 

Delightfulness in mobile learning applications is also the result of consistency in the application’s 

behavior. Schneider et al. (1999) emphasize that security is one of the key factors that contribute to 

delightfulness. In the case of mobile learning applications, the feeling of being secure when using the 

application was highlighted during the usability evaluation (Chapter 6.1 and III) and also in the 

educational component assessments (Chapter 6.1 and III).   

Overall, the evaluation of the case applications revealed that better application performance tends to 

delight both students and teachers (III).  
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Davis et al. (1992) also identify enjoyment as an important factor in the adoption of technology. Aligned 

with that, Torres and Kline's (2006) and Kim et al.'s (2015) research on the hotel business states that 

delightfulness generates positive business results such as word-of-mouth communication, loyalty, and 

increased profitability. Loyalty and user retention are important factors for m-learning applications, since 

the applications need to compete for students’ time and dedication with other applications on the users’ 

mobile devices such as games and entertainment applications. 

However, in their research concerning hotel customers, Skogland and Siguaw (2004) find that a satisfied 

customer is not necessarily a loyal customer. Fostering user satisfaction is not enough to retain customers 

in competitive environments. This applies to m-learning applications, too; the satisfied user of a mobile 

learning application is not necessarily a loyal user. In this thesis, publications I, III, VI, and Case 1 

indicate that user satisfaction is not enough for application retention and continuous usage. 

Delightfulness, however, appears to provide a means by which to engage users with mobile learning 

applications. 

The emotion of delightfulness in the context of service delivery, as Kwong Ka Kei (2006) states, can be 

expressed by a simple phrase such as “Thank you.” Similarly, a delighted m-learning application user 

played the game (Chapter 6.1 and Case 2) to the end, despite only being asked to explore the application’s 

functionality. However, mobile learning application users who are not delighted will abandon the 

application. In the Java case study application (Mostakhdemin-Hosseini, 2003), the students were not 

delighted with the data exchange rate and the associated cost; therefore, they clearly stated that they were 

not willing to use the application.  

Furthermore, in terms of service delivery, a delighted customer may purchase more items (Kwong Ka 

Kei, 2006), while in terms of m-learning applications, delighted students and teachers are motivated to 

return to the application and become frequent users. This is clearly reflected in the case of the tourism 

application (Chapter 6.1 and Case 4), which helped to increase the number of customers. 

 

User experience factor: Reliability 

Reliability in mobile learning applications means supporting users in securely performing their essential 

educational tasks. This issue is explained in section 6.1, and the reliability measurement criteria in the 

context of the case study application experiments are presented in paper III. Furthermore, reliability is 

also described in the mLUX framework in paper VI.  
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A reliable and trustworthy m-learning application ensures a feeling of being secure with the application 

and the environments in which the users interact (Christianson et al., 2011). A reliable m-learning 

application results in a positive user attitude toward that application. Additionally, a non-reliable m-

learning application will result in a dissatisfied user with no loyalty to the application. The reliability of 

an m-learning application is inherit in the content of the m-learning application, the technology that the 

application is built upon, the network operators’ data exchange, and the device’s capabilities and 

performance.   

Reliability has always been an important success factor in software design (Bowen et al., 2002; Glaß et 

al., 2007; Zeng et al., 2010). Lyu (2007) states that the reliability of a software system is estimated or 

predicted based on failure data. The failure data is measured during various software development and 

operational phases. The reliability factor in this study was measured during the usability evaluation phase 

(Chapter 6.1 and III).   

 

User experience factor: Adjustability 

Adjustability in the context of an m-learning application (Chapter 6.1) means that students and teachers 

are able to customize, personalize, and adjust the learning content as well as the application’s user 

interface based on their own preferences (V, 2, 3, and 4).  

The adjustability factor in the case study applications was defined during the concept design phase. The 

case study analysis in paper 2 indicates that adjustability and adaptability are achieved through direct 

interaction with potential users during the concept evaluation phase.  

Hauksdóttir et al. (2014) consider an application’s adjustability to be measurable as early as the 

requirement definition phase. This study, however, initially measures the reliability factor during the 

concept development phase (VI). Additionally, the reliability factor is reassessed during the case study 

application prototype evaluation phases (Chapter 6.1 and Cases 1 and 3). In the latest case, we apply 

semi-structured interviews to learn about users’ attitudes toward the adjustability of the application. The 

importance of adjustability and adaptability has also been recognized with regard to e-learning 

applications (Glavinić & Granić, 2008). Additionally, Peter et al. (2010) present an e-learning platform 

development framework, “iLearn”, which helps to design the learning style as part of the personalization.  

The importance of adjustability has also been identified in other sectors such as marketing, for example, 

Coelho and Henseler (2012) promote adjustability and customization as a means to secure customer 

loyalty.  
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User experience factor: Satisfaction  

In this study, the satisfaction factor was assessed through a semi-structured interview conducted with the 

stakeholders and the case study applications’ test users.  

Davis et al. (1989) propose the technology acceptance model (TAM), which considers information 

technology contributions and adaptation as well as ease-of use and usefulness. Davis et al. (1992) extend 

their initial TAM with an additional factor, namely an enjoyment concept. On the other hand, the user 

satisfaction factors identified by Wixom and Todd (2005) are based on the system and information design 

and not on the system usage.  

Therefore, the mLUX framework’s (VI) evaluation process (III) considers acceptance based on the 

usability assessment (6.1), for example, the easiness of the applications, and user satisfaction factors 

(6.1), for example, how the application met the essential educational needs. In the author’s opinion, the 

combination of these assessment methods is critical to the m-learning applications’ assessment 

framework.  

 

Contribution of research sub-question 3 

The relevance of sub-question 3 is identified and argued in Table 7. The final mLUX model integrates 

the user experience factors (i.e., delightfulness, adjustability, reliability, and satisfaction) with the user-

centered mobile learning design process (paper VI). Paper III describes empirical cases concerning how 

these factors can be used in the design of m-learning applications. Additionally, paper 1 elaborates on 

the user’s emotional engagement with m-learning applications. The findings of this study complement, 

for instance, the technical content delivery viewpoint presented by (Shen, 2014), who emphasizes the 

importance of user experience in m-learning application design. The emotional factors identified in this 

work should help designers to include specific user experience parameters in their m-learning application 

design, as Kuderna-Iulian et al. (2015) propose. The systematic analysis of the user-centered design 

phases in respect to the proposed user experience factors (Chapter 6.2.3) provides a quick guidance for 

m-learning application designers. Finally, the mLUX model contributes the answer to the main objective 

of this thesis.  

 
7.2. Analysis of the Main Research Goal 

 

The main goal of this study was initially set as: 
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The objective of this thesis is to study and propose a user-centered design framework for m-

learning application development.  

 

The main objectives of this study emerged from the literature review (Chapter 2), as well as from the 

previous studies (Mostakhdemin-Hosseini, 2003). 

Educators often seek the best approaches by which to engage and motivate students in classroom 

activities so as to ease their learning process. The students’ motivation is an essential element of a high 

quality education (Williams & Williams, 2011). Williams and Williams (2011) recognize five key 

ingredients that impact students’ motivation: the student, the teacher, the content, the method/process, 

and the environment. This study extended those five ingredients to include an additional nine factors 

specifically tailored to m-learning applications, which this study referred to as role-players (II). The 

context of use of these key motivators in traditional learning environments varies with the m-learning 

applications. The actual learning in m-learning is not restricted to the classroom or other educational 

environments, since the learning occurs in any place or at any time the learner seeks knowledge. 

Furthermore, in traditional classroom-based teaching the main motivating factor has predominantly been 

the teachers. Teachers often apply proper pedagogical approaches to motivate students, for instance, 

providing feedback or rewarding good work. This trend has similarly been pursued in e-learning 

applications, for which extensive e-learning pedagogical approaches have been developed and utilized 

to assist teachers and students in their learning process. The m-learning applications’ coexistence period 

is far shorter than that of traditional learning environments such as universities or e-learning platforms. 

Therefore, the m-learning theory and development methodologies are still relatively immature. Hence, 

the m-learning application development framework lacks a proper development theory to cover the 

pedagogical and human factors involved in m-learning application design and development. However, 

there have been significant improvements in m-learning application development frameworks from a 

software engineering perspective, although they have not extensively tackled the user experience issues.    

Humans with any behavioral personality have a tendency toward recognition, belonging (Kim et al., 

2012) and, most of all, being effective. Furthermore, the feeling of being involved and being efficient is 

a key part of human nature. For example, although children’s activities are not necessarily associated 

with purpose, they have a tendency to be involved and effective even though the consequences are not 

necessarily efficient.   
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Therefore, this study promotes users’ involvement in m-learning application design and usage by 

applying user-centered design principles as well as making the application’s user interface customizable, 

adjustable, and adaptable in order to ensure the target user’s involvement in the application. This issue 

was also recognized by Herzberg (2003), who elaborates two different human needs, one stemming from 

mankind’s animal nature (e.g., hunger) and the other related to unique human characteristics such as the 

ability to achieve and, through achievement, to experience psychological growth.    

By applying the existing academic findings of software development approaches such as user-centered 

design research and case study application research, this study proposed the mLUX framework. The 

mLUX framework merges the role-players, development process, and the context of use in order to 

ensure the user experience of the targeted application by considering important factors such as 

delightfulness, satisfaction, reliability, and adjustability.   

Verkasalo et al. (2010) suggests that people who have a smartphone will not automatically use all the 

available services. The mLUX framework aims to anticipate this fact. However, Verkasalo et al.’s (2010) 

findings emphasize that behavioral control is an important adoption factor for users because they are able 

to control their own application. Additionally, in Verkasalo et al.’s (2010) study, enjoyment and 

usefulness are indicated to be the second and third behavioral factors influencing mobile application and 

service adaptation. The findings of this dissertation regarding mobile learning applications match those 

of Verkasalo et al. (2010) (Mostakhdemin-Hosseini, 2009b), which highlights the importance of fun, 

reliability, satisfaction, and adjustability in mobile learning applications.  

Harpur and Villiers (2015) propose the MUUX-E framework to evaluate the usability and user 

experience in an m-learning environment. A semantic difference between the mLUX framework (VI) 

and the MUUX-E framework (Harpur & Villiers, 2015b) is that the MUUX-E framework is a multi-

faceted instrument for evaluating the usability and user experience of the educational features of mobile 

learning application design and development. In contrast, the mLUX framework is a UCD-based 

development framework that assists designers and developers in creating usable applications with an 

emphasis on user experience factors. However,  Harpur and Villiers's (2015) MUUX-E framework is a 

usability and user experience evaluation framework that consists of categories, criteria, and sub-criteria 

to assess both usability and user experience. For the usability and user experience assessment, Harpur 

and Villiers (2015) apply existing criteria for evaluation such as (Nielson, 1995) guidance on usability 

or (Beccari & Oliveira, 2011) approach to user experience. Therefore, Harpur and Villiers's (2015) 
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framework is appropriate for assessing the usability and user experience of the mLUX’s resultant case 

study mobile learning applications.     

Similarly, Rikala (2015) tackles the sustainability of mobile learning in formal education. Despite the 

similarity of her work to the mLUX making m-learning applications sustainable, our approaches are 

different. Rikala (2015) emphasizes the pedagogical approaches, while this dissertation focuses on the 

user experience to gain continues m-learning application usage. Additionally, Rikala (2015) focuses on 

formal education, while this dissertation focuses on formal and non-formal education. Nonetheless 

Rikala's (2015) contemporary dissertation demonstrates that m-learning-related research is currently 

being conducted. Therefore, the contributions of this dissertation should help other researchers in the 

field.  

Finally, the mLUX framework (VI) uses scenario and prototyping design approaches to construct the 

users’ mental model of the potential application. Additionally, the mLUX framework promotes the user 

experience factors in the design and development phases in order to invoke the emotion necessary for 

continuous application usage. Therefore, the resultant applications comply with the users’ mental model 

and attach the users emotionally. The case study application prototypes reflect these factors through 

stakeholders’ involvement in the design, development, and usage of the application (VII). 

 

7.3. Reliability and Validity 
 

Johnson (1997, p. 282) presents “three types of validation for qualitative data. First, descriptive validity, 

which refers to the factual accuracy of the account as reported by the qualitative researcher. Second, 

interpretive validity, which is obtained to the degree that the participants’ viewpoint, thoughts, intentions, 

and experiences are accurately understood and reported by the qualitative researcher. Third, theoretical 

validity is obtained to the degree that a theory or theoretical explanation developed from a researcher’s 

study fits the data and is, therefore, credible and defensible.” The validation of this research matches 

interpretive validity. The validation data used in this research is collected through case study applications. 

Furthermore, the author of this dissertation has been personally involved in all data collection and 

analysis (Luczun, 1988). Therefore, the collected data is valid, since Gummesson (2000) believes that 

one’s own experience is a valid basis for qualitative research. Furthermore, this research has taken place 

over fifteen years, which is indicative of the research data being pluralistic. Marshall (1996) describes 

naturalistic sampling in quantitative research as a convenience, judgment, and theoretical model. 
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Therefore, this dissertation is a qualitative research study that applies a case study research approach 

(Chapter 4.2) as an appropriate validation methodology for the mLUX framework’s performance. The 

applied research methodology fully supports the constructive research process in which an artifact is 

designed and assessed. Therefore, the applied case study research method is considered to be a 

convenient methodology. In addition, the developed artifacts and the case study assessment methodology 

were executed based on different stakeholders’ perspectives, including designer, students, and teachers. 

Hence, the justifications and the judgments concerning the mLUX framework’s validity are based on 

different aspects. Moreover, the collected case study research data were based on existing theories and 

principles, for example, Nielsen's (2011) heuristic evaluations (Chapter 6.1 and III) are applied to assess 

the usability evaluations. Additionally, the educational components (6.1 and III) are applied to assess the 

case study applications from the educational perspective. Accordingly, the collected data and the 

evaluations are based on existing theory and principles. Furthermore, the observations and the interviews 

were often conducted with the collaboration of the designers and developers. The semi-structured 

interview questions were mainly prepared with the help of the designers. In addition, the testing and the 

interview sessions were recorded and analyzed with the help of the designers of the case study 

applications. Moreover, the transcripts of the collected data were often coded for further analysis with 

the help of both the designers and the developers. The most significant disadvantage of the applied 

methodologies was the time it took to collect the necessary data. In addition, the amount of data generated 

for analysis in each case study application could be seen as a disadvantage.   

 

7.4. Generalization of the Case Study Application Research 
 

The case study applications’ validation results are primarily justifiable for only the case applications 

presented in Chapter 6. However, one may claim that any application that has identical requirements and 

a similar context of use to those case study applications would result in similar outcomes, despite the fact 

that each case study application was designed and developed for distinct targeted users and with a specific 

context of use, such as adaptive learning, a mass course, and games. Nonetheless, the case study 

application-related research was initially conducted in order to assess the mLUX framework’s 

performance from various perspectives. The case study applications’ evaluations demonstrated that the 

artifacts constructed based on the mLUX framework were successful and acceptable according to the 

users. Therefore, the constructive research was assessed based on the practical relevance of the case study 
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applications. Furthermore, the mLUX framework has been utilized in various contexts (see 6.3.1 to 6.3.3) 

and as a course methodology (IV), which proves that the methods and processes defined in the framework 

are both valid and efficient. 

Accordingly, the contribution of the mLUX framework to practice is a systematic development approach 

specifically aimed at m-learning application design and development, while the contribution to academia 

is a methodology for creating an innovative mobile application.  

 

7.5. Future Work  
 

This study began in 2001 and since then there have been significant improvements in mobile device 

capabilities, wireless technologies, and mobile application development processes. Additionally, new 

gadgets such as smartphones and tablets have been developed that are equipped with many advanced 

technologies and capabilities, including WIFI (Henry & Luo, 2002) and NFC (Madlmayr et al., 2008). 

Furthermore, these devices have become more intelligent than ever before due to the embedded sensors, 

camera, and high quality audio and video equipment. In addition, the most challenging drawbacks of 

these devices, namely the memory space and processing power, have been overcome. Additionally, 

network operators now provide fast data connectivity to their subscribers at a relatively low cost. 

Therefore, the validity of the collected data has fluctuated according to the abovementioned 

developments. For example, during the elicitation phase, the author conducted user study research with 

students and professors from the Information Processing Science (IPS) faculty at Helsinki University of 

Technology in 2001. However, since then there have been significant changes, for example, the 

university has merged with other universities and the IPS department has ceased to exist. Furthermore, 

changes have also occurred in students’ and teachers’ social lives, for example, people have become 

more dependent on their mobile devices. Hence, smartphones have had a significant impact on m-

learning applications’ concept, design, and development. The technological developments have also had 

an impact on educational institutes’ attitudes toward m-learning application utilization and, most of all, 

on students’ expectations of m-learning applications’ enhancement (I and Dirin & Nieminen, 2014) of 

their educational process. Therefore, in contemporarily educational institutes (Collins & Halverson, 

2010) with current social setups (Vannoy & Palvia, 2010), m-learning applications have become a 

response to student and staff demands regarding their educational activities. Moreover, user attitudes and 

expectations regarding the target application’s design and performance have also altered. Unlike the 
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situation in 2001, smart devices are now equipped with extensive in-device applications to meet users’ 

various daily needs. Additionally, millions of third-party applications are available for download in the 

different platform stores. Almost all these applications are competing for users’, including students’, time 

and dedication. These changes have resulted in additional expectations for m-learning applications’ 

design, features, application performance, and user experience. Nonetheless, the technological 

advancements in smart devices and in networks have not impacted the identity of m-learning stakeholders 

or their overall roles and contributions. Consequently, the technological advancements and social 

changes mandate and emphasize the importance of m-learning-related pedagogical and usability 

considerations during application design and development. For example, the first m-learning case study 

application concept that was designed in 2003 for the Java course at HAMK UAS and it relied on 

contemporary technology to overcome the technological constraints, which meant better functionality, 

usability, and, as result, acceptance by users. This indicates that the target stakeholders’ needs have 

remained intact, although their expectations and demands for better features have increased. Furthermore, 

the users’ demands for an application’s usability and user experience have significantly increased in line 

with mobile penetration among students and m-learning adoption by educational institutes.  

The penetration of gadgets (Zickuhr, 2011) and mobile devices (Ongondo & Williams, 2011) such as 

smartphones and iPads among students and teachers has far exceeded experts’ predictions. For many 

years, these devices have been utilized in the educational process as an enhanced tool for the existing 

educational offering, for instance, an e-learning platform.  

The gaps in the m-learning applications that have been identified based on the literature review (Chapter 

2) and also experienced based on the case study assessments are listed below. Having more academic 

research in these fields would significantly help in overcoming the existing inadequacies of m-learning 

application offerings.   

I. The mLUX framework as a mobile software development methodology has not yet been 

thoroughly assessed. However, the author has conducted a comparison study with the consumer 

journey template (Temkin, 2010) at Haaga-Helia University of Applied Science, the results of 

which were published at INTED 2015 (Dirin & Alamäki, 2015). In the latest assessment, the 

resultant project-based mobile applications did not generate complete outcomes. Therefore, as a 

future work, conducting a study to compare the outcome of the proposed mLUX methods with 

those of other mobile software development methods would be helpful. 
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II. M-learning pedagogy and pedagogical usability (Syvänen & Nokelainen, 2004): M-learning 

applications have been around for many years, although there is still a lack of dedicated 

pedagogical and usability principles. The literature review does not point to a specific and 

detailed pedagogical role for m-learning applications. The pedagogical roles that have so far 

been applied are predominantly based on e-learning or on traditional classroom pedagogical 

principles. Having specific pedagogical principles for m-learning applications requires extensive 

research at academic levels. The results of such research projects will significantly impact the 

quality of the m-learning applications.  

III. The literature review in Chapter 3 does not refer to any research that discloses the impact of m-

learning applications on students’ learning processes, although Kukulska-Hulme (2009) provides 

some initial thoughts on this matter in her paper, albeit without providing detailed research. 

Therefore, conducting academic research on how m-learning may increase or decrease learning 

efficiency will help educational institutes to select appropriate mobile learning applications for 

their educational offering portfolio.     

IV. The lack of academic research on the type of courses that m-learning applications can support 

and are most productive with represents yet another gap in the m-learning application offering. 

There have not previously been any scientific investigations of the type of courses that would 

most likely be adequate to be offered as m-learning applications. It is obvious that not all courses 

are suitable to be offered as m-learning applications based on the nature of smart devices. As a 

result, having a classification of the course type would help educational institutes in determining 

their m-learning application offering.  

V. The proposed framework has not yet been fully investigated or applied with the latest educational 

platforms such as context-aware learning and augmented reality learning (AR). Developing m-

learning applications to support AR by applying a UCD framework for m-learning application 

development is important because context-aware learning and augmented reality learning are 

becoming increasingly popular. 

VI. The mLUX framework is defined as an extendable framework, and hence additional findings 

and modules by other researchers can expand the current framework. For example, the user 

experience factors identified in this study are extendable with new factors that other researchers 

may identify. Further, the role-players identified in this study are based on the current status of 
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m-learning. This may change as new devices or new contexts in which mobile devices can be 

utilized emerge. 

 

7.6. Final Conclusion  
 

Traditional educational institutes have long been the main source of knowledge in various fields of study. 

The knowledge transformation inherent in traditional educational setups was accessible only by those 

who were deemed eligible to receive it, such as university students. Furthermore, teachers have long been 

the main source of knowledge resources. This trend has, however, changed in connection with rapid 

improvements in technologies and the popularity of the Internet. The trend-related changes have also 

impacted the development of m-learning applications, as well as researchers’ approaches. For instance, 

researchers’ main concern during 2000 was apparently m-learning applications’ usability, as the author’s 

paper (Mostakhdemin-Hosseini & Tuimala, 2005) was cited more than sixty times that year. However, 

the importance of user experience has drawn more researchers’ attention as papers such as the mLUX 

(VI) or the HCI I (III) have received more attention.   

Furthermore, knowledge has become widely available to anybody who wishes to pursue it. Moreover, 

the accessibility of knowledge is no longer restricted to the eligibility of scholars, since knowledge is 

now available online, free of charge, at any time. This accessibility of knowledge has also resulted in 

social changes, for example, people rarely manage nowadays without a mobile phone or without having 

access to the Internet on a daily basis. Therefore, such gadgets and their applications have become 

ubiquitous regardless of the context in which one shares, transfers, or receives knowledge. In conclusion, 

knowledge is ubiquitous, as are smart devices. Hence, m-learning is ubiquitously merging knowledge 

with smart devices, which means that learning and teaching are no longer restricted by place and time 

constraints as in traditional educational institutes where knowledge sharing happens in only one context. 

This improvement has resulted in the development of various m-learning platforms, including context-

aware learning (Scott & Benlamri, 2010) and augmented reality learning (Laine et al, 2014), which are 

considered to represent a near future de facto knowledge offering by educational institutes. Therefore, 

developing and providing m-learning solutions to high demand markets requires systematic approaches 

in which all stakeholders are involved in the design processes so as to ensure usability and support the 

user experience. This study demonstrates that designing learning applications for smartphones is a 

complex process that is associated with various challenges, including conducting user studies with the 
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appropriate stakeholders and analyzing the collected data properly during the various phases. Moreover, 

learning is a complex activity by its very nature (Kolb, 1976; Nasir et al., 2006). Therefore, this study 

recommends involving m-learning application stakeholders in the design process in order to overcome 

some of the inherent complexities, including the application’s usability and adjustability. Furthermore, a 

usable m-learning application helps students to accept mobile applications in general as a potential 

learning medium. In addition, the context of use of m-learning applications is also changing; learning 

now happens everywhere. An application needs to be aware of this change, and it can also benefit from 

this change through the provision of context-specific information. The proposed mLUX framework for 

m-learning application development has been demonstrated to ensure that the m-learning development 

processes guarantee the resultant application’s usability and user experience. 
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APPENDIX 1: Sample of mLUX framework analysis 
 

Case 1: Adaptive M-Learning Application for Driving License Candidates (Paper V) 

The adaptive m-learning application for driving license candidates was a joint project between Haaga-

Helia UAS and Haaga Driving School in Helsinki. The main goal of the case study application was to 

design a functional m-learning application as proof of concept. This m-learning application assists 

driving school students and instructors in their daily teaching and learning activities. The application’s 

concept development was based on the mLUX framework. The author was directly involved in all phases 

of the application’s design and development.  

The application’s concept was designed by a group of students on the usability course at Haaga-Helia 

UAS. The functional prototype was also implemented by a group of students on the advanced web 

technology course and as a Bachelor of Science thesis. Throughout the application’s development phases, 

regular meetings were conducted between stakeholders, for example, designers, developers, application 

owner, and project management. The meetings were often organized at the university or at the customer’s 

premises.  

This application helps the driving school candidates to study and access the compulsory driving school 

theory lessons on their smartphones. Furthermore, the administration tool helps the instructors to trace 

students’ theory progress and driving experiences. Paper VI reveals the case study development process 

and the evaluation results. Table A presents a summary of the methods applied in this case study 

application. 

Table A. Summary of the methods applied in the adaptive mobile learning application for driving license 

candidates. 

Case study Author’s role Methodology and research 

data 

Paper presenting 

the case 
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Adaptive m-learning 

application for driving 

license candidates 

 

Facilitator of the whole process, responsible for 

collecting data, ensuring the validity of the data 

analysis, and conducting final designer and 

developer discussion sessions  

Questionnaire (n=7) 

Semi-structured interview 

(n=7+5) 

Task and environment analysis 

Scenario design (n=6) 

Usability testing (n=6) 

Paper VI 

 

The following sections discuss the mLUX framework assessment of this case study application from 

various perspectives. 

Applied mLUX framework methods  

We initiated the project by conducting user study research according to the mLUX framework processes. 

We applied various user study methods, including diary, web questionnaire, and semi-structured 

interviews with seven (n=7) driving school candidates and five instructors (n=5). The users’ age 

distributions were from 18- to 25-years-old, while the instructors’ age distributions were 25- to 55-years-

old. We applied task and environment analysis, transcript coding, and affinity diagrams to analyze and 

categorize the data collected during the elicitation phase. The list of requirements that were identified 

during the data analysis phase was presented as a scenario. Hence, a scenario in this context represents 

the potential application concept. The scenario was shared with six users (n=6), of whom three were 

users who participated in the elicitation phase. The administration tool scenario was also shared with 

three instructors (n=3). Test users first reviewed the scenario and then we conducted a brief interview to 

gain insight into users’ views on the proposed concept. The scenario was then revised based on feedback 

collected during the interview sessions. In the final phase of the project, a high-fidelity prototype was 

designed and evaluated with potential users by applying Nielsen’s (1995) heuristic evaluation guidelines. 

The following figures presents screenshots of the final version of the driving licenses application 

prototype. 
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Figure 1. Adaptive driving school m-learning application for students and instructors. 

A. Usability and user experience assessments  

The prototype evaluation report indicates that the application is easy to use and provides the essential 

learning materials for driving school candidates. Users were especially satisfied that the driving theory 

lessons are accessible anytime and anyplace. The usability assessment report indicates that test users 

were delighted with the rich features of the mobile learning application. The usability test was carried 

out at Haaga-Helia UAS with five potential users (n=5) and two instructors (n=2).  The test was carried 

out by giving ten (n=10) predefined tasks for each group of users to accomplish in the given time. 

The prototype evaluation report indicates that the application was easy to use and provides the essential 

learning materials for driving school candidates. The test users were mainly novice users, meaning they 

have not had prior experience using a similar application for driving schools. Test users carried out the 

given tasks completely and none of them failed to perform the given tasks.  The usability report analysis 

and the semi-structured interview data indicate that test users particularly appreciated the application’s 

adaptivity. Additionally, test users found the application to be a helpful learning medium that is easy to 

use.  Moreover, test users appreciated the application’s simple user interface for carrying out the given 

test tasks: “useful and easy to use application, when can I upload it to my mobile for my own personal 

use?”  

B. Educational activities assessments  

This m-learning application’s content and the user interface were designed to be adaptable based on 

students’ competencies. The adaptability is based on an evaluation of each student’s theoretical 

competencies and practical driving session reports in the backend. The application supports multi-

formatted content such as video, audio, text, and animation. The student selects or the system proposes 
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one or a combination of many learning material formats based on the user’s context. In the following 

tables, the educational components and the user experience factors are assessed. 

Presentation:  

Table 1.  The presentation component of the adaptive mobile learning application for driving schools. 
Component User 

experience 
factors 

Criteria Assessment results 

Presentation Adjustability Supports learners in adjusting and 
customizing the application theme, user 
interface, and content based on each 
learner’s own preferences. Learners are 
able to customize the presentation types 
and format.  

The UI was customizable, so users were able to change 
the theme of the application based on their preferences. 
However, the content provided such as video clips, text, 
and animations were uploaded from the backend on 
demand. Hence, test users were not able to customize the 
content. 
All test users were successfully able to upload content 
based on their competences: “Great, I can have my own 
color and background” and “Wow, I don’t need to start 
from scratch, it can check how much I know and provide 
me with content.” 

Delightfulness Supports learners in performing tasks 
without difficulties. Learners enjoy and 
have fun using the application and the 
content.  

After the users successfully logged in to the proper 
course, they were able to select any components: 
“Perfect, I have my driving materials with me even when 
I am shopping.” 
Users had recognized the application as a learning 
application since they had already experienced similar e-
learning applications. As a result, the navigation was 
very smooth: “I saw a traffic sign, I had a doubt about 
what it said. I asked my dad and he also did not know, 
then I remembered that I have the application in my 
mobile so I checked and get the answer. My father asked 
me upload a similar application for him.” 
Even though users were skeptical about having similar 
applications for all courses, having this feature was 
gladly welcomed: “This is great, I wish to have a similar 
app for all our courses at school.” 
 
 

Reliability Supports learners in trusting the 
application, especially the data integrity 
and data reliability. Learners are able to 
successfully upload and download 
educational materials in different 
formats. 

The application was implemented so that the user 
installed the UI on the mobile devices and the content was 
provided to users through the backend. Test users showed 
their concern about the reliability of the data exchange: 
“Hope my information and the learning path is saved, I 
hate to start everything from the beginning.”   
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Satisfaction Support learners in performing the 
essential education tasks. The application 
meets each learner’s educational 
expectations, such as providing lecture 
materials in a preferred way, and students 
may study the material with the help of 
the m-learning application conveniently.  

Test users were in general able to perform the requested 
tasks. The clarity of the tasks and what to do next were 
not a problem: “Interesting app, the video clip helped me 
a lot to learn the theory, fun to study the boring theory on 
mobile with the app.” 

 

Activities:  

Table 2. Activity component assessment for adaptive m-learning application for driving schools.  

Component User 
experience 
factors 

Criteria Assessment results 

Activities Adjustability Supports learners in adjusting and 
customizing activity-related tasks’ theme, 
user interface, and format based on each 
learner’s own preferences.  

This component and the supported functionalities 
appealed to test users the most, with statements such 
as “I don’t need to use a desktop computer or text 
books to upload/read and practice the theory 
sessions” heard repeatedly.   
Test users successfully received the proper tasks 
after the completion of each theory presentation. 

Delightfulness Supports learners in performing tasks without 
difficulties. Learners enjoy and have fun 
using the application and the tasks they 
perform in the activity component. 

Users were happy to receive the assignments in 
different formats.  They were particularly delighted 
that they have instant access to their instructors 
through the application: 
“Nice, the instructor is notified if I make big 
mistake.”  
Users were delighted to send and receive instance 
feedback with their instructors.  

 Reliability Learners can successfully upload and 
download activity component-related tasks. 
Learners receive proper feedback on their 
actions from the system, such as notification 
of successful submission. 

Implementing the application with HTML5 and 
CSS3 helps users regardless of the device, since they 
have access to the content: “wow, I continued with 
my iPad at home to study further,” “great I can use 
any device” and “no matter what device I use, I have 
access to my own content.” 

 Satisfaction The m-learning application contains the 
preferred functionalities so that users are 
capable of carrying out all the activity-related 
tasks through the application, such as 
uploading assignments, providing answers, 
and receiving feedback from instructors.     

The performance of the tasks in this component was 
relatively better that for the presentation component. 
Users answered the tasks successfully and the system 
provided proper feedback to users:  “I managed to 
study even on the train and interestingly I 
immediately received feedback from the app.” 

 

Communication:  

Table 3. Communication component assessment for adaptive m-learning application for driving schools. 

Component User experience 

factors 

Criteria Assessment results 
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Communication Adjustability Supports communication-related tasks. 
Learners have the choice of an 
individual or a group communication 
medium. Learners are also able to select 
the communication format, such as 
email, chat, or newsgroup.  

This feature of the application fascinates 
users the most. They were able to customize 
and adjust the service as they wanted, for 
example, to whom they communicate.  Test 
users were able to select the medium for the 
communications such as short messages 
and phone. 
The users reading and driving activities 
were, however, uploaded automatically in 
the backend. The instructors had the chance 
to select the report format such as text and 
color code.    
 

Delightfulness Learners successfully communicate 
with others at any time and in any place. 
Learners perform the essential 
communication tasks. Learners enjoy 
using the communicative features of the 
service in learning. 

They were particularly delighted that 
classmates email addresses were available 
in the application: “No extra effort is 
needed to find and write down email 
address, I can contact them directly through 
the application”  
Other delightful features raised by users 
were that they could access everybody at 
any time and in any place they wanted 
through the chat service in the 
communication component.  

Reliability Learners are able to communicate with 
other individuals, peers, or a group 
securely.  

Users found these features to be reliable 
and usable as they were able to 
communicate with their instructor through 
email, in addition to the reports that the 
instructors received on users’ driving 
performance: “color coding helped me to 
review the report on students driving 
performance very fast.” 

Satisfaction The application contains the essential 
communication component 
functionalities, which fulfill each 
learner’s exceptions and needs.   

Users found the application usable and 
essential since it eased their educational 
activities, for example, the activity 
components as the application provides 
immediate feedback and proposes possible 
reading material. 
Additionally, users showed their 
satisfaction with the direct communication 
channel with the instructors: “my instructor 
left me a voice message in the app and 
recommended I study the theory part faster, 
it seems that he gets a report on my study 
activities, which is great.” 

 

Administration:   

Table 4. Administration component assessment for adaptive m-learning application for driving schools. 
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Component User experience 

factors 

Criteria Assessment results 

Administration Adjustability Learners are able to customize and 
access administrative   features. For 
example, each learner is able to register 
for a course through the application. 
Learners are able to make a query and 
adjust the transcript report’s format. 

Users were able to register for a course and 
an exam successfully.  
Users were able to view and upload their 
reading activities report. 
Similarly, driving instructors were able to 
make query about active students’ progress.  

Delightfulness Learners can successfully perform the 
tasks in the administration component. 
Learners consider the application as an 
efficient and preferred medium for 
performing administration tasks. 
Learners experience delight in 
performing administrative tasks more 
efficiently and flexibility through 
application Learners enjoy focus on 
learning activities. 

The existing technology fully supports the 
implementation of this component. As a 
result, it was easy to demonstrate all the 
functionalities. Users carried out all the 
tasks accordingly. They showed their 
delight by using phrases like “great, no 
need for a desktop computer, I can register 
for the course on my mobile.” 
The application provides feedback if the 
registration is accepted or rejected and, as 
a result, users know the status of their 
registration.   

Reliability Learners trust the application to 
perform the administration tasks 
securely. 

Receiving feedback helped users to accept 
the service as secure and reliable.  
The only concern that was raised during the 
interviews was that in cases of failure in 
network connection one may not be able to 
register or receive correct feedback, which 
was actually true: “I tried many times to 
register but the network connections failed 
in my device.” 

Satisfaction The administration component contains 
all the necessary functionalities to fulfil 
each learner’s essential expectations. 

User were satisfied with the functionalities 
of the administration component. They 
managed to carry out all the predefined test 
tasks without any difficulties. Additionally, 
they recommended new functionalities for 
the existing application features such as a 
schedule and calendar: “it would have been 
great if I could organize my study in 
advance, for example, to have a calendar 
type feature to plan the study.” 

 

C. Methodological assessments  

This case study application proved that the mLUX framework resulted in a robust mobile learning 

application that is adaptive, interactive, and easy to use. 

The interviews conducted with designers and developers indicate that they are satisfied with the resultant 

application. The mLUX framework enabled the designers to detect errors prior to the implementation of 

the actual application. The designers were particularly happy with the continuous consultation with users. 
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The direct interaction with stakeholders helped the designers to come up with adequate application 

features. The major negative feedback that we received from developers was the time required to 

consultant with stakeholders. A summary of the questions raised and the associated answers follows: 

How did the framework help you with the application’s design and development?  

The analysis of the interviews with designers and developers indicates that they were satisfied with the 

overall application outcomes. They were particularly satisfied with the framework’s easy process, which 

anticipates concept design errors: “We managed to find most of the errors during the scenario review 

phase.” Additionally, the designers were happy to have direct consultation with users, which helped them 

to come up with new features that they had not considered during the elicitation phase: “We received 

nice to have features in both the scenario and the low-fidelity.” 

What motivated the designers and developers to use the mLUX framework?  

At the beginning, the designers and developers considered the framework to be a time-consuming 

activity, but soon after they started to analyze the collected data their attitude toward the mLUX 

framework changed: “At the beginning, using the framework was difficult, we did not know what to do 

next, but after the transcript coding everything changed and it became self-evident.” This was most 

commonly raised by those developers who had no previous experience with application development 

methodologies. 

Have you been satisfied with resultant application outcome?  

The developers showed their satisfaction with the application outcome: “Very surprised everything works 

fine, and we tested the application with students and instructors without any significant errors.” They 

believed the outcome to be the result of the systematic approach, wherein users were involved in all 

stages of the product development. 
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APPENDIX 2:  The relevant articles selected for analysis 
 

NO AUTHORS TITLE AUTHORS' CONTRIBUTIONS VOL 

1 Giasemi N. Vavoula and 
Mike Sharples (2008)  

Challenges in Evaluating 
Mobile Learning 

We propose  six  challenges  in  evaluating  
mobile  learning:  capturing  and  analyzing  
learning  in  context  and  across  contexts,  
measuring  mobile  learning  processes  and  
outcomes,  respecting learner/participant  
privacy,  assessing  mobile  technology 
utility and usability, considering the wider 
organizational and socio-cultural context of 
learning, and assessing in/formality.  

mLearn 2008 

2 Jacobus Liebenberg (2011) Usability and generativity: 
why Android is better suited 
than Apple’s IOS for mobile 
learning development in a 
developing world context. 

This short paper originates from the author 
‘s involvement in creating and implementing 
failed and successful mobile learning 
applications in a developing world context 
since 2006; specific reference is made to the 
notions of usability and generativity. The 
notions of usability and generativity have 
proven useful to try and explain some of the 
successes and failures of mobile learning 
development and implementation in which 
the author has been involved with in the past 
few years 

mLearn 2011 

3 Yu Wei, Hyo Jeong (2012)  A Three level Evaluation 
Framework For a Systematic 
Review of contextual Mobile 
Learning  

This paper  aims  to  build  a  holistic  
evaluation  framework  on contextual  
mobile  learning  and  to  apply  the  
framework  to  evaluate  previous  empirical  
research  by  conducting a systematic 
review. The proposed framework has three 
levels: (a) the external level consisting of 
social, cultural, and technical factors; (b) the 
inter-medium level onsisting of content, 
context and device; and (c) the internal level 
focusing on learners‟ attitude and 
experience 

mLearn 2012 

4 Umera Imtinan, Vanessa 
Chang (2013) 

Usability issues in mobile 
learning: Students’ 
perceptions in Pakistani 
universities.  

This paper aims to identify the implications 
of usability in mobile devices for learning 
based on research conducted in Pakistan. 

mLearn 2013 

5 Amir Dirin, Marko 
Nieminen(2015) 

mLUX: Usability and User 
Experience Development 
Framework for M-Learning 

In this paper, we propose the mLUX 
framework, a model based on the user-
centered design (UCD) framework, which is 
specifically for the development of m-
learning applications. This paper argues that 
emotional factors, such as the user’s 
enjoyment, adjustability, and reliability, are 
significant design issues in m-learning. 

vol 9, No 4 
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6 Mazyar Seraj, Chui Yin 
Wong (2014) 

Impacts of Different Mobile 
User Interfaces on Students’ 
Satisfaction for Learning 
Dijkstra’s Shortest Path 
Algorithm 

This paper describes an experimental study 
of learning Dijkstra’s shortest path 
algorithm on mobile devices. The aim of the 
study is to investigate and compare the 
impacts of two different mobile screen user 
interfaces on students’ satisfaction for 
learning the technical subject 

vol 8, No 5 

7 Issham Ismail, Rozhan 
Mohammed Idrus, Siti Sarah 
Mohd Johari (2010) 

Acceptance on Mobile 
Learning via SMS: A Rasch 
Model Analysis 

This study investigated whether mobile 
learning via Short Message Service (SMS-
learning) is accepted by the students 
enrolled in the distance learning academic 
programme. This study explored the impact 
of perceived usefulness, perceived ease of 
use and usability of the system to their 
acceptability. Respondents agree that SMS-
learning is easy, effective and useful to help 
them study. However, the results found that 
there has been a problem in mobile learning 
that less interaction with lecturers. 

Vol 4, No 2  

8 Moumita Majumder, 
Pramatha Nath Basu (2010) 

Usability Study of 
Personalized Learning in 
Mobile Learning 
Environment 

 In this paper, the steps to fulfill the usability 
aspects of the prepared contents are 
described, an architecture of the 
dissemination system has been designed and 
results of the study are presented. 

vol 4, No 3 

9 Teresa Magal-Royo, G. 
Peris-Fajarnes, I. Tortajada 
Montañana, B. Defez Garcia 
(2007) 

Evaluation Methods on 
Usability of M-Learning 
Environments 

The present paper exposes the importance of 
the conventional usability methods to verify 
both: the employed contents in wireless 
formats, and the possible interfaces from the 
conception phases, to the validations of the 
platform with such characteristics.  

vol 1, No 2 

10 Ali Mostakhdemin-Hosseini 
(2009) 

Usability Considerations of 
Mobile Learning 
Applications 

This paper reveals different usability 
considerations for mobile learning system 
with approparte guidelines. The most 
attributes associated with the mobile 
usability are as following: Satisfaction, 
Efficiency, Learnability, Lack of Errors, and 
Memorability 

Vol 3, Special 
Issue 

11 Mohammad Alnabhan, 
Yousef Aljaraideh (2014) 

Collaborative M-Learning 
Adoption Model: A Case 
Study for Jordan 

This work investigates university students’ 
acceptance and readiness for adopting 
collaborative and context-aware mobile 
learning services. An acceptance evaluation 
study was conducted to identify challenges 
affecting successful implementation and 
adoption of collaborative m-learning 
system. Results have confirmed that 
learning style, mobile device capability and 
perceived ease of use are having the most 
positive contribution towards learners’ 
behavior to use collaborative m-learning 
services 

Vol 9, No 9 

12 D. Furió, M.-C. Juan, I. 
Seguí and R. Vivó (2015) 

Mobile learning vs. 
traditional classroom lessons: 
a comparative study 

In this paper, we present a study in order to 
compare the learning effectiveness and 
satisfaction of children using an iPhone 
game for learning the water cycle vs. the 

Vol 31 No 4 
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traditional classroom lesson. the results 
showed that the children found the iPhone 
game to be more satisfying than the 
classroom lessons. Since the iPhone game 
achieved similar learning results and a 
higher motivational effect than the 
classroom lesson, this suggests that games of 
this kind could be used as a tool in primary 
schools to reinforce students' lessons. 

13 Dan Corlett, Mike Sharples, 
Susan Bull and Tony Chan 
(2005) 

Evaluation of a mobile 
learning organiser for 
university students 

This paper describes a 10-month trial of a 
mobile learning organizer, developed for use 
by university students.  Wireless 
connectivity was crucial to the usefulness of 
the organizer. Usability issues relating to the 
hardware and software had considerable 
impact on the students' usage and 
satisfaction with the system. 

Vol 21, No 4 

14 Robert Crow, Ieda M. 
Santos, John LeBaron, Anna 
T. McFadden, and Christine 
F. Osborne (2010) 

Switching Gears: Moving 
from e-Learning to m-
Learning  

This paper illustrates how the participants’ 
university is addressing the transformational 
challenges found in the study and examines 
instructor perceptions about University 
support. Main findings of the research 
suggest that institutional faculty need 
technical support, training and professional 
development to understand not only how to 
work with mobile devices but also the means 
to achieve clear instructional purposes with 
them. 

Vol 6, No2 

15 Schmitz, B., Kalz, M., 
Klemke, R., & Specht, M. 
(2014) 

In the eye of the beholder: 
promoting learner-centric 
design to develop mobile 
games for learning. 

This paper reports on a formal usability 
study conducted with two different groups 
of learners, regular learners and learners 
with special educational needs (SEN). With 
the study we compared the two groups of 
learners with regard to game usability and 
effectiveness of the intervention.  Results 
showed differences in perception and 
effectiveness of individual mechanisms for 
the two groups with regard to usability or 
switching between tasks and mobile device. 

mLearn 2015 

16 Mazyar Seraj, Chui Yin 
Wong (2014) 

Lecturers' and Students’ 
Perception on Learning 
Dijkstra’s Shortest Path 
Algorithm Through Mobile 
Devices 

The study aims to address two objectives, 
which are: (i) to investigate lecturers and 
students’ difficulties encountered in learning 
and teaching process via face-to-face 
classrooms; and (ii) to explore lecturers and 
students’ perceptions about learning the 
subject through mobile devices as a learning 
device. The findings show that the lecturers 
and students raised many issues about 
interactivity and flexibility of ensuring 
effective learning applications were also 
discussed on small screen devices, 
especially for learning technical subjects. 

Vol 8, No 3 
(2014) 
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17 Martha Cleveland-Innes, 
Mohamed Ally, Norine 
Wark, Athabasca University, 
Tak Fung (2013) 

Emotional Presence and 
Mobile Learning: Learner-
driven Responses in a 
Wireless World 

This study examines the use of mobile 
devices among online graduate students, and 
what effect, if any, this use has on emotional 
presence. Results demonstrate that half the 
online graduate students in this study use 
mobile devices in support of their learning. 
Emotional presence does exist for online 
graduate students but it is not influenced by 
mobile device use.  

Vol 16, No 2 

18 Gerhard Schwabe and 
Christoph Göth (2005) 

Mobile learning with a 
mobile game: design and 
motivational effects 

This paper describes the design of the 
Mobile Game prototype, exploring the 
opportunities to support learning through an 
orientation game in a university setting The 
evaluation of the effects shows that features 
such as ‘map-navigation’ and ‘hunting and 
hiding’ lead to excitement and fun 

Vol 21, No 3 

19 Rui-Ting Huang, Syh-Jong 
Jang, Krisanna Machtmes 
and David Deggs (2012) 

Investigating the roles of 
perceived playfulness, 
resistance to change and self-
management of learning in 
mobile English learning 
outcome 

The primary purpose of this study was to 
investigate the roles of mobile technology 
playfulness, users' resistance to change and 
self-management of learning in mobile 
English learning outcomes (MELOs).The 
study results indicated that perceived 
playfulness and self-management of 
learning had positive influences on MELO 
and that users' resistance to change was 
negatively associated with MELO. 

Vol 43 No 16 

20 Melody M. Terras and Judith 
Ramsay (2012) 

The five central 
psychological challenges 
facing effective mobile 
learning 

In this paper we identified five important 
psychological challenges posed by the 
mobile learning experience. 

Vol 43 No 6 

21 Hailay Kidu Teklehaimanot 
(2015) 

A Mobile Based Tigrigna 
Language Learning Tool 

This project develops a Mobile based 
Tigrigna Language Learning Tool to support 
Tigrigna Language speaking, listening and 
writing for foreigners in a Tigrigna’s 
environment. The main emphasis is to teach 
beginners, the basic alphabets, words and 
common conversation they might come 
across. Tigirigina mobile learning are 
personalization of learning environment, 
learning Experience outside the classroom, 
learning by recording, organizing over time, 
taking advantage of the benefits of an 
information, be more motivated, no more 
forced to use PC as the only Objects to have 
access to materials and knowledge. 

vol 9, No 2 

22 Issham Ismail, Rozhan 
M.Idrus, Thenmolli 
Gunasegaran (2014) 

Motivation, Psychology and 
Language Effect on Mobile 
Learning in Universiti Sains 
Malaysia 

The aim of this study was to examine the 
motivation, psychology and language effect 
on Mobile learning in the School of Distance 
Education. The finding shows that a positive 
response from the learners as they feel happy 
to use this additional learning tools (mobile 
learning). Learners feel supported and 

Vol 4, No 5 



 

157 | P a g e  
 

motivated to use the mobile application with 
the usability of simple language. 

23 Vlado Glavinic, Sandi 
Ljubic, Mihael Kukec (2008) 

Transformable Menu 
Component for Mobile 
Device Applications: 
Working with both Adaptive 
and Adaptable User 
Interfaces 

This paper describes the model of both 
adaptable and adaptive mobile user 
interface, through the introduction of a 
transformable menu component capable to 
be personalized to each individual user with 
respect to her/his preferences and interaction 
style. We discuss the use of customization 
and adaptation techniques, with the aim to 
both enhance mobile HCI and to increase 
user satisfaction, particularly when working 
with graphically rich m-learning 
applications. 

vol 2, No 4 

24 Nicola Capuano, Giuseppina 
Rita Mangione, Anna Pierri, 
Saverio Salerno (2014) 

Personalization and 
Contextualization of 
Learning Experiences based 
on Semantics 

The purpose of this paper is to demonstrate 
that an ontological approach can be used to 
define leaning contexts and to allow 
contextualizing learning experiences finding 
out  

Vol 9, No 8 

25 K. Ciampa (2014) Learning in a mobile age: an 
investigation of student 
motivation 

The findings are consistent with those of 
Malone and Lepper that motivation can be 
enhanced through challenge, curiosity, 
control, recognition, competition and 
cooperation. This model is helpful in 
informing our understanding of the 
motivating features of using mobile devices 
for learning and how mobile technologies 
can be used to enhance learners' motivation 

Vol 30, No 1 

26 Giasemi N. Vavoula and 
Mike Sharples (2008)  

Challenges in Evaluating 
Mobile Learning  

A three-level framework  for  evaluating  
mobile  learning  is  presented,  comprising  
a  micro  level  concerned  with usability, a 
meso level concerned with the learning 
experience, and a macro level concerned 
with integration within existing educational 
and organisational contexts. The paper 
concludes with a discussion of how the 
framework meets the  evaluation challenges 
and with suggestions for further extensions.  

mLearn 2008 

27 Ola Knutsson, Niina 
Nissilä,Minna Räsänen, Niss 
Jonas Carlsson (2011) 

Participatory design of a 
mobile application for 
teenagers’ language 
homework 

In this paper we focus on the design, and in 
particular the design process of a mobile 
application for teenagers‘homework in 
Swedish as a second language. 

Mlearn 2011 
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28 Chantorn Chaiprasurt, 
Vatcharaporn Esichaikul, 
Jocelyn Wishart (2011) 

Designing Mobile 
ommunication Tools: A 
Framework to Enhance 
Motivation in Online 
Learning  
Environment 

This paper explores the design and  
development of  an  extension  to  a  
Learning  Management  System  (LMS)  
onto  mobile  devices  guided  by  a mobile 
communication tools framework to enhance 
learner motivation. The results provide a 
better understanding of the role of mobile 
technology in higher education, encourage 
the further development of mobile 
communication tools, and shed light on 
mobile learners‘ motivation as compared to 
traditional modes of online learning. 

mLearn 2011 

29 Uvasara Dissanayeke, K. P. 
Hewagamage , Robert 
Ramberg, G. N. 
Wikramanayake (2012) 

An Activity Theory based 
Approach to Introduce  
mLearning in Agriculture . 

This study intends to see how to introduce 
mobile learning within the domain of 
agriculture so as to  facilitate learning 
process, and supporting farmers’ decision 
making. The  findings  of  this  preliminary  
study  will  be  used  in  designing  future  
mlearning  
interventions so as to strengthen the present 
agriculture extension system.  We propose to 
use the activity model together  with other 
methodologies such as participatory 
methods to design, implement, and evaluate 
mlearning activities  

mLearn 2012 

30 Geoff Stead (2012) Towards open formats for 
Mobile Learning 

This paper describes some of the technical 
challenges and shares a possible foundation 
for open sharing and reuse of mobile 
learning content. The MoLE project has 
been working to establish an open set of 
standards for mobile learning content to 
allow for maximum portability and reuse, 
without locking out the most useful aspects 
of mlearning: the phone features 
themselves! 

mLearn 2012 

31 Edgar (2013) 
Napoleon Asiimwe 

Media Synchronicity Theory: 
Towards a Rigorous 
Evaluation Framework for M-
Learning Artifacts Learning 
Artifacts 

In this study we envision Media 
Synchronicity Theory (MST) as a potential 
framework for evaluating mobilelearning 
artifacts i.e., mobile devices and learning 
content management systems. 

mLearn 2013 

32 Merryl Ford, Marlien 
Herselman, Adele Botha 
(2014) 

Building an Mlearning 
Research Framework through 
Design Science Research 

This paper is to provide an explanation of 
how Design Science research has been 
applied in order to develop a mobile learning 
framework for the ICT4RED project which 
is currently in progress in Cofimvaba in the 
Eastern Cape Province of South Africa. 

mLearn 2014 
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33 Lee Tan Luck (2009) Quality Computer Assisted 
Mobile Learning (CAML) 
and Distance Education 
Leadership in Managing 
Technology Enhanced 
Learning Management 
System (TELMS) in the 
Malaysian Public Tertiary 
Education 

This paper will discuss the above factors, 
which present a comprehensive framework 
for the implementation of a quality CAML 
and distance education environment in ICT 
application and management in the 
Malaysian public universities. 

Vol 3 (2009): 
Special Issue 
IMCL2011 

34 Amir Dirin, Marko 
Nieminen (2015) 

mLUX: Usability and User 
Experience Development 
Framework for M-Learning 

In this paper, we propose the mLUX 
framework, a model based on the user-
centered design (UCD) framework, which is 
specifically for the development of m-
learning applications. 

Vol 9, No 3 
(2015) 

35 Rene Cruz Flores, Gabriel 
López Morteo(2010) 

A Framework for Educational 
Collaborative Activities 
Based on Mobile Devices: A 
Support to the Instructional 
Design 

In this paper we present a framework (CA-
Mobile Framework) for develop educational 
activities for collaborative learning based on 
mobile devices, this framework is 
composited by two main components: A 
documental reference and an API for 
develop mobile software 

Vol 4, No 3 
(2010) 

36 Collins N Udanor, Ogbonna 
U. Oparaku (2016) 

A Performance Evaluation of 
a Multi-Agent Mobile 
Learning System 

This work shows the implementation and 
evaluation of a model for intelligent mobile 
learning system (IMLS) using a multi-agent 
system (MAS), such as the Java Agent 
Development Environment (JADE) 
framework. The results suggest that agents 
can increase the performance of an M-
learning application up to eight times. 

Vol 10, No 2 
(2016) 

37 Hasnain Zafar Baloch, 
Azizah Abdul Rahman, 
Noorminshah A Ihad(2012) 

Mobile Collaborative 
Informal Learning Design: 
Study of collaborative 
effectiveness using Activity 
Theory 

The aim of this paper is to do propose 
operational framework for designing Mobile 
Collaborative Informal learning activities 
using SMDs. Show results of experimental 
and case study done to study the Mobile 
Collaborative Informal learning using 
Activity Theory (AT). Core Components of 
framework are Mobile Learning 
Activities/Objects, Wireless/Mobile Smart 
devices, Collaborative knowledge and 
Collaborative learning. 

Vol 6, No 3 
(2012) 

38 Ghassan Issa, Shakir M. 
Hussain, Hussein Al-
Bahadili (2010) 

A Framework for Building an 
Interactive Satellite TV Based 
M-Learning Environment 

This paper presents a description of an 
interactive satellite TV based mobile 
learning (STV-ML) framework, in which a 
satellite TV station is used as an integral part 
of a comprehensive interactive mobile 
learning (M-Learning) environment.  The 
proposed framework and implementation 
methodology ensure the construction of a 
true, reliable, and cost effective M-Learning 
system that can be used efficiently and 
effectively by a wide range of users and 
educational institutions to deliver ubiquitous 
learning. 

Vol 4, No 3 
(2010) 
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